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Results of Spearman correlation analyses
indicate that the correlations between filtered DF
incidence and the current month’s Bl, T, and T,e,
and the previous month’s T, and T,. were
statistically significant at 10% level (Table 1). Because
the filtered current month’s T,,, and T, and the
previous month’s T, and T,,. were highly correlated
(Table 2), they were further incorporated into the
negative binomial regression models separately with
the current month’s Bl, and the models were called
Models 1, 2, 3, and 4, respectively. Figure 3 presents

the exposure-response curves for current month’s B,
Tmin, @and T and previous month’s T, and Tgye. DF
incidence generally increased with current month’s
Bl and T, and previous month’s T,,;, and T,,.. There
was an apparent threshold in the relationship
between DF incidence and current month’s T,
Overall, the DF incidence initially increased with
current month’s T,,,,, and then, when T,,;, was larger
than the threshold, the exposure-response curve
slope was nearly 0. Cubic regression splines
of current month’s Bl (Model 1: )(2=10.824, P=0.004;

Figure 2. Monthly Breteau Index (Bl) and meteorological measurements in Guangzhou, China, between

January 2006 and November 2014.

Table 1. Spearman Correlation Coefficients of Monthly Number of
Dengue Fever Cases and Candidate Variables

Lag-time (month) BI dijv d £ da Rainfall Hum
0 0.197 -0.199 -0.098 -0.164" -0.014 0.099
1 0.144 -0.180 -0.154 -0.181 -0.041 0.101

E}S ™, Breteau Index; T, minimum temperature; Tn.,, Mmaximum temperature; T,., average
*
temperature; Hum, average relative humidity; means P<0.1.
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Model 2: ¥’=10.937, P<0.001; Model 3: x°=8.181,
P=0.004; Model 4: x’=12.301, P=0.041), T
(x*=25.060, P<0.001), and Ta. (x’=19.800, P<0.001),
and previous month’s T, ()(2=30.349, P<0.001) and
Tave (X°=25.383, P<0.001) were statistically significant

(Table 3). A new model was thus built with a linear
term for current month’s Bl and T,., previous
month’s T, and T,., and piecewise linear terms for
current  month’s T, assuming that the
exposure-response curve slope was 0 when T,,;, was
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Figure 3. Exposure-response curves of current month’s Breteau Index (Bl), minimum temperature (T,),
average temperature (T,.), and previous month’s T, and T, against dengue fever (DF) Incidence in
log scale. The solid lines are the estimates of the smooths for current month’s Bl, Tpin, Tave, pPrevious
month’s T, and T,., and the shaded regions are the confidence bands for the smooths.
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larger than the threshold. Figure 3 indicates that the
threshold was between 17.5 °C and 20.0 °C;
therefore, models were constructed with thresholds
ranging from 17.5 °C to 20.0 °C using 0.1 °C
increments. The model for current month’s T,,;, can
be expressed as follows:
log(uy)=a+nseason+s(year;)+s(casesog1¢)+61BH+65T pin-
B2(Trmin-h) (2)
Where 8, is the coefficient for Bl; ¢ is the threshold
and (Tmin'l'p)+=(Tmin'¢)xl(Tmin>¢) being I(A)=1 if Ais
true; B, is the slope of left line segment (that is, for
Tminsy); and-8, is the ‘difference-in-slopes’
parameter, so 0 is the slope of the right line
segment.

The model with the minimum AIC was then
selected. The results indicate that current month’s Bl
(Model 1: 7=3.403, P<0.001; Model 2: 7=3.039,
P=0.002; Model 3: Z=2.860, P=0.004; Model 4:
7Z=3.135, P=0.002) and T,. (Z=4.024, P<0.001), and
previous month’s T,;, (Z=5.513, P<0.001) and T,.
(Z=5.824, P<0.001) were significantly associated with
DF incidence. The threshold for current month’s T,
was 18.3 °C. Current month’s T, (Z=4.868, P<0.001)
was also significantly correlated with DF incidence
(Table 4). An increase of 1 in current month’s Bl was
associated with a 35.8% [95% confidence interval
(C1), 13.9%-62.0%], 34.2% (95% CI, 11.0%-62.3%),
28.0% (95% Cl, 8.1%-51.7%), and 30.1% (95% Cl,
10.4%-53.4%) increase of DF incidence based on
Models 1, 2, 3, and 4, respectively. An increase of
1.0 °Cin current month’s T,,. and previous month’s
Twmin and T, was related to a 29.0% (95% ClI,
13.9%-46.0%), 51.8% (95% Cl, 30.9%-76.1%), and
52.8% (95% ClI, 32.5%-76.3%) increase of DF
incidence, respectively, and an increase of 1.0 °C in
current month’s T,,;, was related to a 64.9% (95% Cl,
34.8%-101.7%) increase of DF incidence when

current month’s T,,, was smaller than 18.3 °C
(Table 4).

Table 2. Spearman Correlation Coefficients of
Selected Variables

Variables Trmin Tove Tomin1 Taver
BI -0.020 -0.084 -0.002 -0.094
Tomin - 0.838" 0.996 0.850
Tave - - 0.846" 0.998"
Tonini - - - 0.845

Note. Bl, current month’s Breteau Index; T,
current month’s minimum temperature; T, current
month’s average temperature; T, previous
month’s minimum temperature; T,.;, previous
month’s average temperature; "means P<0.001.

Table 3. Results of the Negative Binomial Regression
Model with Cubic Regression Splines for Selected

Variables
Model Variables edf )(2 P
Model 1 Bl 1.585 10.824 0.004
Tmin 5.088 25.060 <0.001
Model 2 Bl 1.000 10.937 <0.001
Tave 2.729 19.800 <0.001
Model 3 Bl 1.000 8.181 0.004
Tmin1 1.000 30.349 <0.001
Model 4 Bl 4.647 12.301 0.041
Tave1 1.000 25.383 <0.001

Note. BIl, current month’s Breteau Index; T,
current month’s minimum temperature; T, current
month’s average temperature; T,;, previous
month’s minimum temperature; T,.;, previous
month’s average temperature; edf, effective degree
of freedom.

Table 4. Results of the Negative Binomial Regression Model with Parametric Terms for Selected Variables

Model Variables 8 z P Percentage Change 95% ClI
Model 1 Bl 0.306 3.403 <0.001 35.8 (13.9-62.0)

Timin 0.500 4.868 <0.001 64.9 (34.8-101.7)
Model 2 Bl 0.295 3.039 0.002 34.2 (11.0-62.3)

Tave 0.255 4.024 <0.001 29.0 (13.9-46.0)
Model 3 Bl 0.247 2.860 0.004 28.0(8.1-51.7)

Tmin1 0.418 5.513 <0.001 51.8 (30.9-76.1)
Model 4 Bl 0.263 3.135 0.002 30.1(10.4-53.4)

Taver 0.424 5.824 <0.001 52.8 (32.5-76.3)

Note. BI, current month’s Breteau Index; T, current month’s minimum temperature; T,., current
month’s average temperature; Tz, previous month’s minimum temperature; T,..;, previous month’s average

temperature.
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DISCUSSION

Time-series analysis has been extensively used
to study the effects of meteorological factors on DF
incidence™®®3%. In the current study, negative
binomial regression models were used to examine
the effects of meteorological measures on the
monthly number of DF cases in Guangzhou between
2006 and 2014. The results indicated that current
month’s Bl and average temperature (T,.) and
previous month’s minimum temperature (T,,) and
Tave Were positively associated with DF incidence. A
threshold of 18.3 °C was discovered in the
relationship between current month’s T,;,, and DF
incidence.

The density of vector mosquitoes can be
expressed through several indices, including BI
and/or positive house index, number of indoor
resting Aedes females, etc.®Y, Among these indices,
Bl is the most widely used index due to its high
correlation with adult mosquito densitym]. A
previous study indicated that, when Bl is equal to or
greater than 9.5, there may be a high risk of DF
epidemic. If Bl increases to 20-30, DF outbreaks may
occur at any time. The previous outbreaks were
effectively controlled after Bl fell below 5 for 3
weeks. Consistent with results of studies, which
found that mosquito density was positively
correlated with DF outbreak®, the present study
showed that the monthly number of DF cases was
positively associated with Bl of the current month.
Likewise, Pham et al.*® also found that the monthly
number of DF cases was positively associated with BI
in Vietnam. One case-control study supported the
findings of the current study and verified that the
relationship between mosquito density and DF
infection is dynamic[37]. In 2014, the DF pandemic in
several communities and blocks also verified this
correlation. The present study further indicated that
Bl is an objective indicator to predict and evaluate
the state of a DF epidemic.

Meteorological variables, such as temperature,
have been identified as an important factor involved
in the transmission of DF™*®*%3%, Temperature affects
the spread of DENV at each stage of the mosquito’s
life cycle. Research has indicated that the extrinsic
incubation period and viral development rate can be
shortened with higher temperatureslsg]. The present
study found that current month’s T,,. and T, at
1-month lag and T, at 1-month lag were positively
associated with DF incidence. These findings are
supported by other studies discussing the expected

time lag between meteorological factors and DF
cases. In Brazil, positive associations were found
between the minimum temperatures and DF
transmission at Iag-OBO]. A retrospective ecological
study conducted in Mexico from 1995 to 2003
showed that increases in weekly T, were a
significant factor in the increase in the reported DF
cases™®. Lu et al.*" also reported that minimum
temperature at lag-1 month was positively
associated with DF incidence in Guangzhou during
2001-2006. In Taiwan, Wu et al.”? found that, with
every 1.0 °C increase of monthly average
temperature, there was a 1.95-fold increased risk for
DF transmission, as well as positive associations
between the minimum temperature at lag 1-3
months and DF cases.

Interestingly, the current study identified a
threshold of 18.3 °C in the relationship between T,
and DF incidence-T,,;, had a significantly positive
effect on the monthly number of DF cases when T,,;,
was smaller than 18.3 °C. This finding is in general
agreement with another study in which T, was
reported to be positively associated with DF
incidence. A recent study documenting the
relationship between DF cases and meteorological
factors in Cali, Colombia, is particularly relevant to
the findings herein because it also noted a strong
correlation with the minimum temperature
threshold of 18.0 °C?". Further, the authors
also revealed that the lagged mean daily
temperature range was the strongest local predictor
of DF incidence, thus paving the way for further
research.

The present study has the following strengths.
Firstly, it explored the log non-linear relationship
between temperatures and DF incidence and
further provided a T,;, threshold of 18.35 °C for
the relationship, which helps to better understand
the impact of T,;, on DF incidence. Secondly, to
the best of the authors’ knowledge, this is the first
study to analyze the causes for the high incidence in
the DF pandemic of Guangzhou between 2006 and
2014.

The major limitation of this study is that fact
that only the effects of Bl, T,., and T,;,, on DF
incidence were analyzed despite other factors,
such as change in urbanization status, population
density, and vector control measures, also
possibly affecting DF incidence; nevertheless, it is
difficult to obtain relevant data of these factors.
Further study is needed to take these factors into
consideration.
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CONCLUSIONS

Mosquito density, T, and T, were found to
be statistically associated with DF incidence in
Guangzhou, China. These findings elucidate how
mosquito density and temperatures influence the
development of DF epidemics. Such information
could be useful in the development of a DF early
warning system and assist in effective control
strategies and decision making in DF epidemics and
public health prevention.
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