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Lack of association of dengue activity with haze
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SUMMARY

Dengue activity depends on fluctuations in Aedes populations which in turn are known to be
influenced by climate factors including temperature, humidity and rainfall. It has been
hypothesized that haze may reduce dengue transmission. Due to its geographical location
Singapore suffers almost every year from hazes caused by wildfires from Indonesia. Such hazes
have a significant impact on pollution indexes in Singapore. We set out to study the relationship
of dengue activity and haze (measured as pollution standard index) in Singapore, using ARIMA
models. We ran different univariate models, each encompassing a different lag period for the
effects of haze and temperature (from lag 0 to lag 12 weeks). We analysed the data on a natural
logarithmic scale to stabilize the variance and improve the estimation. No association between
dengue activity and haze was found. Our findings do not lend support to the hypothesis that haze

is associated with reduced dengue activity in Singapore.

Key words: ARIMA, autoregressive integrated moving average, climate, dengue, fire, haze,

predictive models.

INTRODUCTION

Dengue, an arboviral disease in the tropics and sub-
tropics transmitted by mosquitoes, has emerged as an
international public health problem [1]. Reasons for
the resurgence of dengue in the tropics and subtropics
are complex and include unprecedented urbanization
with substandard living conditions, lack of vector
control, virus evolution, and international travel [2].
Aedes aegypti is the main epidemic vector although
transmission is also mediated by other Aedes
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mosquitoes. Dengue activity therefore depends on
fluctuations in Aedes populations. Aedes populations
depend on climate factors including temperature, hu-
midity and rainfall [3-7]. Understanding the effects of
meteorological variables on A. aegypti population
dynamics will help to target control measures at the
times when vector populations are greatest, contribu-
ting to the development of climate-based control and
surveillance measures for dengue fever in a hyper-
endemic area.

A recent paper proposed haze as a possible ad-
ditional factor influencing dengue transmission [8].
This hypothesis was based on several observations:
smoke, a component of haze, is anecdotally claimed
to repel biting insects [9]. Fire to maintain grassland
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plant community also results in a reduction of
arthropod diversity [10]. Communities in the Solomon
Islands use fire to protect themselves from mosquitoes
[11]. Based on mathematical modelling on Singapore’s
year to year oscillations of dengue, Massad et al. pos-
tulated that the reduction of dengue cases in 2006 was
due to an increase in mosquito mortality in response
to the disproportionate haze affecting the country
that year [8]. The 2006 Southeast Asian haze event
was caused by continued uncontrolled burning from
‘slash and burn’ cultivation in Indonesia, and affected
several countries in the Southeast Asian region in-
cluding Singapore. Fires in Indonesia produce great
amounts of smoke, burn a long time and are difficult
to extinguish because they are on peatland, and once
lit the fires can burn for months and release gases that
produce sulphuric acid [12]. The haze was made worse
in 2006 than during previous occurrences by the El
Nino-Southern Oscillation which delayed that year’s
monsoon season [12].

Singapore is a city-state in South East Asia that is
endemic for dengue [13—18]. Due to its geographical
location Singapore suffers almost every year from
hazes caused by wildfires from Indonesia. Such hazes
have a significant impact on pollution indexes in
Singapore. However, no studies are currently available
that identify a direct relationship between shorter
longevity of the vector under haze conditions, and
therefore an association of dengue activity with haze
remains a hypothesis to be tested.

Autoregressive  integrated moving  average
(ARIMA) models have been proposed to forecast
dengue activity [19, 20]. ARIMA models are a useful
tool for analysing non-stationary time-series data
containing autocorrelation and seasonal trends
[19, 21]. The advantage of ARIMA over regression
models is that they take into account correlation
in the data and lag time: failure of which will result
in incorrect standard errors and spurious significant
results [22]. We set out to study the relationship of
dengue activity and haze [measured as pollution
standard index (PSI)] in Singapore, using ARIMA
models.

METHODS

Data on weekly human dengue fever infections were
obtained from the Weekly Infectious Disease Bulletin,
which is freely available on the Singapore Ministry of
Health (MOH) website [23]. The PSI is a proxy for
haze smoke [12, 24]. We obtained the mean daily PSI
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values and mean daily temperature from the Meteoro-
logical Services Division of the National Environment
Agency (NEA), Singapore for the period January
2001 to December 2008.

In order to ensure that the climate data was ana-
lysed in the same scale as dengue notifications, we
aggregated the daily climate and pollution data into
the 52 epidemiological calendar weeks using a custo-
mized software code, written in Stata version 10.2
(Stata Corp, USA).

Statistical model

ARIMA models are characterized by three key par-
ameters, namely the autoregressive (AR) term, the
moving average (MA) term and the differencing (D)
term. The AR term relates the observation made at
week ¢ to the previous week (—1) or earlier weeks.
The MA term relates the error (defined as the differ-
ence between observed and predicted dengue cases)
at week ¢ to the previous week (1 — 1) or earlier weeks.
Assuming 6, is the observed dengue count, the D
term allows modelling of the differenced series (i.e.
6,—06,_,) in the event of non-stationarity in the time
series.

The model used is as follows:

ét _érfl =u+P(0,1—0;_3)+y(0;—2—0,_3),

where é, and GA,,I are the predicted dengue cases
at week 7 and r—1 respectively, 6,_,, 6,_, and 6,_;
are observed dengue counts at weeks of lag 1, 2 and 3
respectively, 4 and ¢,, ¢, are the constant and auto-
regressive coefficients, respectively.

In an exploratory analysis, we examined the vari-
ous choices of the ARIMA model formulation. With
the aid of the autocorrelation and partial auto-
correlation plots, we determined that the ARIMA
(2,1,0) model best fitted the underlying seasonal
trends of dengue in Singapore. Specifically, the model
with an autoregressive term of order 2 and with dif-
ferencing in the series provided a reasonable fit.
Moreover, we noticed that the series was hetero-
geneous in terms of the variance across the years,
and we analysed the data on a natural logarithmic
scale to stabilize the variance and improve the esti-
mation.

We ran different univariate models, each encom-
passing a different lag period for the effects of haze
and temperature (from lag 0 to lag 12 weeks). Data
analysis was performed in Stata version 10.2
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Table 1. Mean, median and percentiles of pollution
standard index (PSI), mean daily temperature, and
mean weekly dengue cases by year

Year Parameter Mean  Median P25 P75
2001  PSI 419 38-0 42:5 453
Temperature 27-6 272 276 282
Dengue cases 45-5 380 290 590
2002 PSI 40-3 351 393 429
Temperature 28-1 27-6 28-1 28-7
Dengue cases 757 68-0 32:5 1135
2003 PSI 37-6 34-1 377 410
Temperature 27-8 27-1 277 284
Dengue cases 91-0 83-0 67-0 970
2004 PSI 384 339 38-8 439
Temperature 27-8 272 277 285
Dengue cases 1789 174-0 81-5  268-0
2005 PSI 37-1 33-0 36:1 407
Temperature 280 276 28-1 286
Dengue cases 2653 227-0 136:0  349-5
2006  PSI 39-4 327 373 424
Temperature 27-8 27-3 27-8 284
Dengue cases 58-8 550 42:0 740
2007 PSI 349 312 350 386
Temperature 27-5 27-0 275 283
Dengue Fever 166-6 133-5 865 2310
2008  PSI 342 311 334 363
Temperature 27-5 26-8 275 280
Dengue cases  130-2 132-5 107-5 1515

P25, P75 are the 25th and 75th percentile, respectively.

(StataCorp.) and all tests evaluated at the 5% level of
significance.

RESULTS

Table 1 describes the PSI across the years 2001-2008
in Singapore, in comparison with the mean daily
temperature and mean weekly dengue cases. The PSI
readings vary temporally, with values ranging from a
median of 31 in 2008 to a median of 38 in 2001. The
mean weekly cases of dengue also vary from year to
year. In particular, the years 2005 and 2007 were
characterized by an unusually large number of dengue
cases (maximum weekly cases of 697 and 426, re-
spectively; mean values are shown in Table 1).

Table 2 shows the results of the univariate ARIMA
models, examined from a lag of 0 week to 12 weeks.
There was no significant relationship between mean
PSI as well as mean temperature readings and dengue
notifications across the various lag periods. We also
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analysed the data based on days of moderate to high
PSI readings for each epidemiological week, based on
the national threshold of >50. We found no associ-
ation with dengue activity.

Figure 1 illustrates the temporal variations of
dengue activity and PSI readings between 2001 and
2008.

DISCUSSION

Recently, Massad ef al. submitted a hypothesis that
haze leads to reduced longevity of Aedes mosquitoes
which in turn results in reduced dengue activity [8].
This hypothesis was based on mathematical model-
ling and various assumptions rather than national
epidemiological data —all in the context of the 2006
dengue activity and haze situation in Singapore. We
used ARIMA models to test this hypothesis based on
reported national data. We explored the relationship
between weekly notifications of dengue fever and the
PSI between 2001 and 2008 in Singapore. ARIMA
models are more suitable to examine such relation-
ships as they take into account the lag time as well
as serial correlation in the data. In brief, we found
no relationship between PSI and dengue activity in
Singapore.

The study is limited to the years 2001-2008, because
the weekly dengue notifications were not freely avail-
able on the MOH website before 2000. However, our
findings are consistent with the historical observation
that the most severe haze in Singapore’s history in late
1997 to early 1998 did not result in reduced dengue
activity in 1997 or 1998. In contrast, the incidence of
dengue in 1997 and 1998 was the highest in Singapore
in the 1990s, which represented the peak of a six- to
seven-yearly cycle of dengue epidemic observed in
Singapore [17]. High incidence of dengue was also
observed in many Southeast Asian countries in
1997-1998, many of which were also affected by the
haze that resulted from forest fires [25]. National and
regional data therefore support the notion that haze
did not result in reduced dengue activity.

The issues surrounding haze are complex. On one
hand, the effect of haze on Aedes populations may be
biologically plausible. Some data show that fire (par-
ticles of which are part of smog and haze) may reduce
dengue activity, possibly mainly by reducing human-
to-mosquito contact. Bushfires reduce arthropod
diversity [10]. However, haze is not the same as fire;
in Singapore it is the result of fires several thousand
kilometres away. Severe haze and smog may also
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Table 2. Relationship between pollution standard index and temperature with dengue fever notifications

Pollution standard index Mean temperature

Coefficient 95% CI P value Coeflicient 95% CI P value
Lag 0 week —0-0001 —0-0045 to 0-0043 0-969 0-0246 —0:0126 to 0-0618 0-196
Lag 1 week —0-0011 —0-0050 to 0-0028 0-578 0-0257 —0-0106 to 0-0620 0-165
Lag 2 weeks —0-0003 —0-0048 to 0-0042 0-887 0-0197 —0-0177 to 0-0571 0-302
Lag 3 weeks —0-0008 —0-0050 to 0-0034 0-709 0-0302 —0-0048 to 0-0652 0-091
Lag 4 weeks 0-0007 —0:0037 to 0-0051 0-761 0-0037 —0-0328 to 0-0402 0-842
Lag 5 weeks —0-0001 —0-0047 to 0-0044 0-955 —0-0069 —0-0405 to 0-0267 0-687
Lag 6 weeks —0-0033 —0-0077 to 0-0010 0-130 —0-0318 —0-0689 to 0-0052 0-092
Lag 7 weeks 0-0017 —0-0021 to 0-0056 0-373 00177 —0-0153 to 0-0508 0-293
Lag 8 weeks 0-0027 —0-0015 to 0-0068 0-212 0-0177 —0:0173 to 0-0528 0-322
Lag 9 weeks 0-0003 —0-0034 to 0-0041 0-862 0-0014 —0-0341 to 0-0369 0-938
Lag 10 weeks —0-0016 —0-0054 to 0-0021 0-394 0-0158 —0-0184 to 0-0500 0-366
Lag 11 weeks 0-0012 —0-0032 to 0-0055 0-596 0-0025 —0-0326 to 0-0375 0-891
Lag 12 weeks 0-0027 —0-0012 to 0-0066 0-180 0-0179 —0-0159 to 0-0518 0-299
Results presented in the table are from univariate models.
800 - 100
700 +90 ®
T80 £
2 600 | Lo %
“i 500 ) | 160 é
Z 400 " - =
2 e 1od ) i ;
3 00 CHIRLRAFT de il !
= o S i o £
200 - i3 2
8
100 M =
A an
0 —

2001 2002 2003 2004 2005 2006 2007 2008

Fig. 1. Weekly dengue cases (DF; @), pollution standard index (PSI; —A—) and weekly mean temperature (444e) between
2001 and 2008 in Singapore.

result in people preferring to stay inside the homes
which could also indirectly reduce exposure to mos-
quito bites, as current transmission of dengue in
Singapore is thought to predominantly occur outside
the home rather than indoors [17, 18]. This could
result in more exposure to dengue for those countries
where dengue is mainly acquired indoors. Theor-
etically haze could reduce mean temperature, which
would probably increase mosquito longevity as well
as the extrinsic incubation period. Depending on
the amount of temperature reduction, this could in-
crease or decrease dengue transmission. However,
variation of temperature is minimal in Singapore. Our
ARIMA model did not show a correlation between
mean temperature and dengue activity, probably
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due to the minimal variation and lack of seasons in
Singapore.

PSI data is the overall pollution data, not only the
haze. Therefore to directly correlate this information
with haze may be misleading. However, particulate
matter was the air pollutant that predominantly con-
tributed to the haze and degradation in ambient air
quality standards during the crises in 1997 and 2006.
In all countries affected by the smoke haze, this trans-
lated into significantly raised PSI levels [24]. Although
PSI values are only a proxy measurement for haze,
it is currently the only measurement available as an
indicator for smoke haze.

Our findings do not lend support to the hypothesis
that smoke haze is associated with reduced dengue
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activity in Singapore. Other factors may be more
plausible that would explain the year to year oscil-
lations. Molecular epidemiological studies have shown
that dengue epidemics have resulted from the emerg-
ence of new clades or subtypes of viruses that were
associated with increased frequency of severe disease
outcomes and epidemic potential [26-29]. It is likely
that different genotypes of the dengue virus interact
differently with host factors and these then give rise to
different disease manifestation and epidemiological
outcomes [30]. Factors related to the history of herd
immunity, the introduction of a new serotype, El Niflo
oscillations or demographic transitions may also in-
fluence the cyclical transmission of dengue [2, 31].
Case clustering information, regional dengue distrib-
utions, climate factors and population density trans-
formations must also be obtained in order to assess
the forecasting ability of any predictive model.
However, haze is unlikely to play a significant role in
dengue activity.
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