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Abstract: This study mainly aims to identify factors that affect different types of dengue infections. Information
about 5059 dengue patients reported at 15 districts in Sri Lanka during the period of 2006-2008 was utilized for this
purpose. Results indicate that there is an impact from the clustering variable, district and from demographic
variables, Age, Sex; health and laboratory variables, Platelet count, Survival time and Packed Cell Volume;
Climatological parameters, rainfall, temperature, humidity and their lags
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1. Introduction
A. Background

Dengue virus is most commonly transmitted by the
female mosquitoes of the Aedes aegypti and more rarely
Aedes albopictus genus. It is the most important
mosquito-borne viral disease affecting humans. Mainly,
it is caused by four closely related, however,
antigenitcally distinct, virus serotypes (DEN-1, DEN-2,
DEN-3 and DEN-4), of the genus Flavivirus. Infection
with one of these serotypes does not provide cross-
protective immunity; therefore, persons living in dengue
endemic areas can have four dengue infections during
their lifetime. As a result, people with a repeat
(secondary) dengue virus infection have a greater risk of
dengue than persons infected for the first time [1].

Infection with a dengue virus serotype can produce a
spectrum of clinical illness, ranging from an influenza-
like illness to a fatal shock syndrome [2].

This [2] indicates that dengue has many manifestations
ranging from asymptomatic to flu-like state to a life-
threatening condition. The symptomatic patients can be
further divided into the main full blown dengue types of
Dengue Fever (DF), Dengue Hemorrhagic Fever (DHF)
— | and Il and Dengue Shock Syndrome (DSS) in this
order of severity.

If the patient’s susceptibility to the deadly form can be
diagnosed early then many lives could be saved. Protein
biomarkers have led the way in developing the first
accurate predictive model to differentiate between DF
and DHF [3]. This will allow the doctors to provide
better individual diagnostics and treatments for the
different forms of dengue. There is no drug treatment

for DHF and fatality rates can exceed 20%. However,
early and intensive therapy can reduce the rates to less
than 1% [3].

In addition to protein biomarkers there are various
factors associated with the emergence of dengue
infection types [4] and could be used for detecting the
type of dengue to supplement the use of protein
biomarkers. These factors are rather complex and could
be categorized as viral, vector, host as well as
environmental conditions. Figure 1 [4] depicts this
graphically in a more meaningful way.

The four main factors making up figure 1 can be
characterized as follows. Most effects relating to
environment, vector and virus can be attributed to the
weather measured in terms of rainfall, temperature and
humidity, as weather patterns significantly affect the
environment, mosquito vector and transmissibility of
the virus [5].

A study conducted in Thailand showed that there is a
strong influence of temperature on vector efficiency for
dengue virus [6]. This study has concluded that when
mosquitoes were incubated at 30°C, the extrinsic
incubation period for dengue-2 virus was 12 days,
however, dropped to 7 days at 32°C and 35°C. Further,
the host factor can be characterized by demographic and
clinical factors.

B. Aims of the study

The main aim of this research is to study the impact of
demographic, clinical and weather conditions on the
type of dengue infection with the intention of
determining the epidemiology of different types of
dengue infections. As DSS is a rare condition and it is
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difficult to find adequate data, DF and DHF1 and DHF2
were considered in this research. A comprehensive
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Figl: Factors associated with the dengue infections

study such as this has not been done on different types
of dengue infections. Thus the conclusions reached from
this study will help the health sector to make policy
decisions regarding the detection and control of dengue

types.
C. Data for the study

The data for this study is from the Epidemiology Unit of
Sri Lanka. Generally in Sri Lanka, cases of dengue
typically vary throughout the year and assume a regular
pattern, normally in association with changes of
temperature, rainfall and humidity [7]. Since the
collection of stagnant water favors the breeding of
mosquitoes, Sri Lanka tends to experience dengue
outbreaks twice a year due to the monsoon seasons.

D. Brief description of methods

Patients belonging to the same district tend to have
similar behaviors and climatic conditions, which in turn
results in an obvious hierarchical structure, where
patients are level 1 unit and the districts are level 2
units. Therefore, it is not reasonable to perform a
traditional statistical analysis by pooling all the records
of dengue in island-wide fashion. If the districts are
regarded as a random sample from a population of
districts, and the primary interest is in making
inferences about the variation between the districts in
general, then the most appropriate structure for this
dataset is multilevel [8]. This will lead to correct
standard errors, confidence intervals and significance
tests. In order to satisfy the objective of this research a
hierarchical regression model in the form of a multilevel
multinomial model was fitted to the data after suitable
initial examination of the data using descriptive and
univariate methods.

2. Methods
A. Study Population

In order to investigate the factors contributing to the
spread of the disease, dengue records of Epidemiology
Unit, Sri Lanka were mainly utilized. It consists of
details about each and every dengue patient reported
from island-wide government and private hospitals
during 2006-2008.

Human Subjects Approval Statement

Ethical approval to use human subjects was obtained
from the Epidemiology Unit of the Ministry of Health in
Sri Lanka. Research carried out on these humans is in
compliance with the Helsinki Declaration.

To account for the impact of the environmental factors,
the climatic data were obtained from the Meteorological
Department, Sri Lanka. It contains monthly mean
rainfall (mm), mean temperature (°C) and mean
humidity (%) records for all the districts from January
2006 to December 2008.

The response variable of interest is the type of the
dengue infection diagnosed by the physician. In order to
investigate the existence of any difference between the
type of the dengue infection and demographic variables
such as age of the patient and sex, health and lab
variables such as, Survival time (time spent in the
hospital), White Blood Cell count, Platelet and Packed
Cell Volume of the patient, and climatic conditions such
as the amount of rainfall, temperature and humidity of
the respective district for the respective month were
considered. Previous studies indicate that the peak
incident seasons of dengue are identified to be around
the monsoon seasons [9]. These facts prompted to
consider the monthly rainfall, temperature and humidity
as the explanatory variables of this study. Secondly,
based on the findings of a previous study, the lag effects
of these variables were taken into account [10].
Moreover, the choice of the lag effects was heavily
governed by the fact that, places with pure stagnant
water are more favorable for the breeding of Aedes
aegypti mosquitoes after a rainfall season. The impact
of time was incorporated by considering the month on
which the patient had got the disease.

Finally, the dataset consists of 16 variables spread
across two main levels. The 1% level unit comprises of
individual patients, who are then nested within the 2™
level unit which is identified as the district to which
her/his residence belongs. This type of data structures
are known as “hierarchical data”.

Even though the climatic variables are measured at the
district level, within a particular district, date of onset of
the disease of the patient is different. Therefore, all the
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variables including climatological variables are

measured at the patient level.
B. Data Preparation

Except for the variables White Blood Cells (WBC) and
Packed Cell Volume (PCV), all the other variables have
approximately more than 90% of the data. However, the
variables, WBC and PCV have less than 75% of data
but, as these are important variables and have more than
60% of the observations; will not be eliminated from the
study. Data with incomplete records were discarded
from the study.

Missing data are frequently encountered in climate
variables due to many reasons including failure in the
observatory instruments, meteorological extremes and
observation recording errors. One possible way of
overcoming this difficulty is to impute missing values in
a series by using complete data from correlated nearby
climate stations’ [11]. Therefore, inverse distance
weighting was used in this study to estimate a point
using sample points, which were weighted by a quantity
proportional to the inverse of their distance from the
estimated point.

The final dataset consists of 5059 observations
(DF=3966; DHF1=398; DHF2=695), among 15 districts
namely, Anuradhapura, Batticaloa, Colombo, Galle,
Gampaha, Hambantota, Kalutara, Kandy, Kegalle,
Kurunegala, Matale, Matara, Puttalam, Ratnapura, and
Trincomalee.

Table 1 summarizes number of missing values for each
climatic variable at each of the 15 stations.

Tablel: Number of missing observations for matara and

trincomalee
Climatic District
Variable Matara Trincomalee
Rainfall 4 5
Rainfall lag 1 1 6
Rainfall lag 2 5 7
Temperature 0 5
Temperature lag 1 0 5
Temperature lag 2 0 6
Humidity 0 5
Humidity lag 1 0 S
Humidity lag 2 0 6

As illustrated in the table 1, missing values were seen
only in Matara, and Trincomalee. The number of

missing observations is very low and thus imputed by
using the inverse distance weighting procedure.

All the continuous variables, except time were
categorized according to their percentiles so as to avoid
the problem of nonlinearity between these and the log it
in modeling. This will help to enhance the major
findings of this study to a general audience. Moreover,
based on the results of a simulation study it was
recommended that dividing into three categories based
on (1/3)™ split could be more informative than a binary
split (median split), so as not to sacrifice the
interpretability [12]. This is the motivation for
categorization of the continuous variables into 3 levels.

C. Statistical Methods
1) Preliminary Analysis

The potential analytical factors/covariates, their
notations, categories and coding mechanism are
presented in Table 2.

Prior to performing the model fitting it is essential to
conduct a comprehensive preliminary analysis for the
dataset of interest to identify the special features of the
dataset and the impact of various factors/covariates on
the response. This was carried-out using descriptive and
univariate analysis. In the univariate analysis the
Generalized Cochran Mantel Haenszel test for
correlated categorical data was used to adjust any
correlations present as most of the traditional techniques
for assessing the relationship between variables could
not be used for stratified data structures [13].

Generalized Cochran Mantel Haenszel test provides
three different test statistics (7=, Ty and Tz; | to test the
association between variables in the presence of a
stratified data structure. However, during the univariate
stage of this study one of the test statistics was used
namely Tz as recommended [13].

The univariate analysis used in this study assesses the
relationship between the response variable and the
explanatory variables. However, it is essential to
identify the influence of these explanatory variables
jointly on the response. Thus, the univariate analysis
was further followed by an advanced analysis technique
known as multilevel modeling which accounts for the
underling hierarchical nature of the dataset.
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Table2: Potential Analytical Factors/Covariates

Variable Notation Category Code
Response Variable
DF 1
Type of the dengue infection DHF 1 2
DHF 2 3
Patient Level Explanatory Variables
Demographic Variables
< 20 years 1
Age Age 20 — 35 years 2
> 35 years 3
Male 1
Sex Sex Female 2
Health and Laboratory Variables
< 8 days 1
Survival Survival 8 — 9 days 2
> 9 days 3
<3200 1
White Blood Cells Count WBC 3200 — 4800 2
> 4800 3
< 40000 1
Platelet Count Platelet 40000 — 80000 2
> 80000 3
<40 1
Packed Cell Volume PCV 40 - 45 2
> 45 3
Climatological Variables
<121.2 1
Rainfall RF 121.2 —252.1 2
>252.1 3
<128.8 1
Rainfall lag 1 RF 1 128.8 —242.6 2
>242.6 3
<119.7 1
Rainfall lag 2 RF_2 119.7 -2505 2
> 250.5 3
Temperature Temp <271 1
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271 -27.8
>27.8

Temperature lag 1 Temp_1

<27.2
272 -27.9
>27.9

Temperature lag 2 Temp_2

<273
27.3 -28.1
>28.1

Humidity Humid

<815
81.5-83.5
>83.5

Humidity lag 1 Humid_1

<82
82 -83.1
>83.1

Humidity lag 2 Humid_2

<815
81.5-83
>83

WIN|IFP| WINIFPI WINPT OWOWOINP|IOOIDN[PIO]DN

Time T

Note: The survival time is calculated by subtracting the date of discharge from date of onset, thus all the
observations are censored.

2) Multilevel Multinomial Model [14]

Consider that y;; is the categorical response for the it
level 1 unit in the ;™ level 2 unit, and denote the
probability of being in category = by ="',

Then, a two level random intercept model is as follows,

J (LIRS
S
‘IOE || -|r| Il = .5':
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Lol n Lat il

+ 8 Ty

(5]

Where ;""" is the 2" level random effect, and assumed
to1be Normally distributed with mean zero and variance
7", The random effects are contrast specific, as
indicated by the = superscript, due to unobserved 2™
level factors that affect each contrast. However, the
random effects may be correlated across contrasts:

el Gy (50

Covlw u; J=g, 's=r
Furthermore, in order to calculate the predicted
probabilities m;;'*' (= = 1.2, ...t} for different values

of x's the following formula could be used.
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The probability of being in the reference category ¢ is
obtained by subtraction:

Tt =1 — ?f l.‘T.:';"I
—w=r (3)

This study uses MLwiN v2.19 to perform the multilevel
modeling. The estimation procedure used was the 1%
order predictive (Penalized) quasi-likelihood (PQL)
followed by Markov Chain Monte Carlo (MCMC)
methods, since it gives a DIC (Deviance Information
Criteria) value which could be used as a measure to
compare competing models [15]. The basic idea of
MCMC is that prior distributions for each of the
parameters are combined with the data to produce a
posterior distribution for the parameter. Results are
gained from a burn-in of 500 and a chain length of
15000 [15].

When performing the advanced analysis, all variables
were taken into consideration irrespective of whether
they were significant or not in the univariate analysis.
Even though, some variables tend to be insignificant
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when tested alone, these could be significant in the
presence of other covariates/factors in the model.

Generally, it is recommended to build a complex
multilevel model gradually by starting from the simplest
model. Therefore, a forward selection procedure was
adopted to determine the best model.

MLwiIN v2.19 treats the level code with the lowest
value as the base category. However, in order to get
more practical results, default base categories were
changed. Generally, many clinicians believe that
females and children are more susceptible to suffer from
dengue infections. This leads to consider males and
patients with age group greater than 35 as the reference
category for the variables Sex and Age respectively.
Moreover, the severity of DHF1 and DHF2 is higher
than DF, thus these patients have to stay quite a long
time in the hospitals than that for the DF patients.
Therefore, lowest category of the survival time is
selected as the base category, as the primary objective
of this study is to identify the factors that differentiate
DHF1 and DHF2 with compared to DF. According to
the dengue guidelines, it was observed that as the
severity of dengue infection increases WBC and Platelet
count would tend to decrease, whereas the PCV would
tend to increase. Thus, high categories of WBC and
Platelet count, and the lower category of PCV were
chosen as the base category. As there is no clear idea
about the climatological variables, the default base
categories (lower category) were used as the base
categories.

The DIC (Deviance Information Criteria), together with
the Wald Statistic will be used to check the statistical
significance of the added variables. Generally, it is
recommended that a model with lower DIC value is
preferred over a higher value [16].

Consider & to be an estimate for a parameter, whereas
SE{f is the standard error of the estimate. Then for
testing the following hypothesis, Wald statistic could be
used.

Hpf=0Vs Hpfg =40

The Wald statistic is given by W = ( S-H |

Under the null hypothesis, this statistic is said to be
distributed as Chi Squared with one degree of freedom.
If the calculated test statistic exceeds the critical value
of the Chi-Squared distribution (i.e., xI, then it is
possible to reject the null hypothesis at = level of
significance.

Following the model building procedure, it is important
to perform a residual analysis, to validate the model
assumptions. However, in the multilevel logistic
regression context, the only available methods of
residual analysis are mostly graphical techniques.

Among these, Caterpillar plot and the Normal plot are
widely used. Moreover, this would be followed by the
Anderson Darling test to assess the normality of the
district level residuals in a statistically meaningful way.

3. Results
A. Descriptive Analysis

Table 3 shows the distribution of type of dengue
infections by district.

Table3: Distribution of type of dengue infection by

district
Average annual incidence rate
o for different types of dengue
District infections (per million)
DF DHF1 DHF2

Anuradhapura | 142.7 12.1 12.5
Batticaloa 35.7 8.9 9.6
Colombo 450.1 34.1 72.3
Galle 42.1 2.2 6.3
Gampaha 242.1 30.4 65.9
Hambantota 126.2 15.1 12.7
Kalutara 276.9 17.7 30.3
Kandy 65.5 8.2 4.8
Kegalle 205.7 41.1 44.5
Kurunegala 49.0 12.9 21.0
Matale 150.9 14 4.2
Matara 181.2 25.4 27.9
Puttalam 105.1 20.8 23.0
Ratnapura 24.6 3.1 7.1
Trincomalee 56.3 3.8 15.0

When annual incidence rates are considered highest
rates, were observed for Colombo, Gampaha and
Kegalle districts.  Therefore, Western province
(Colombo, Kalutara, and Gampaha) is a high risk zone
for dengue and this may indicate that highly populated
urban areas are more favorable for dengue transmission.

Table 4 represents the percentage incidence for different
types of dengue infections for different levels of
variables.

When comparing males with females, males have a
higher percentage incidence of DF compared to females
while females have a higher percentage of DHF2
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compared to males. The percentage incidence of DHF1
is similar for both males and females. Patients with age
greater than 35 years have a higher incidence of DF
with compared to other age groups whereas patients
with age less than 20 years have higher percentage of
getting DHF1 and DHF2 with compared to other age
groups.

Table4: Percentage incidences for different types of
dengue infections for different variables

Percentage incidences

. for different types of
Variable | Category dengue infections

DF | DHF1 | DHF2

Female | 74.91 | 8.42 16.66

Sex Male 76.79 | 8.83 14.38

<20 72.08 | 10.76 | 17.16

Age 20-35 76.68 | 8.38 14.94

>35 80.40 | 6.31 13.30

) <8 7857 | 7.75 13.68

Survival 60" 7643 | 0.09 | 14.48

time

>9 7170 | 9.33 18.97

Low 76.27 | 8.60 15.14

WBC Moderate | 74.90 | 8.52 16.58

High 76.93 | 8.87 14.19

Low 68.80 | 9.45 21.75

Platelets | Moderate | 76.47 | 9.27 14.26

High 83.23 | 7.20 9.57

Low 80.52 | 8.35 11.13

PCV Moderate | 73.88 | 9.18 16.94

High 73.77 | 8.67 15.29

Low 77.18 8.05 14.78

RF Moderate | 78.05 | 8.87 13.08

High 80.04 | 6.87 13.09

Low 78.71 | 7.50 13.80

RF_1 Moderate | 75.95 | 8.87 15.18

High 80.73 | 7.25 12.02

Low 79.43 | 8.02 12.55

RF_2 Moderate | 74.65 | 7.98 17.37

High 81.49 | 7.63 10.88

Low 81.31 8.24 10.45

Temp Moderate | 77.42 | 7.45 15.13

High 7743 | 8.10 14.48

Low 81.04 | 8.04 | 10.92

Temp_1 | Moderate | 78.93 | 7.91 13.17

High 75.74 | 7.72 16.54

Low 81.73 | 8.01 10.25
Temp_2 | Moderate | 78.02 8.25 13.74
High 76.00 | 7.22 16.78
Low 82.60 | 7.68 9.72
Humid | Moderate | 75.39 | 8.33 16.28
High 78.82 | 7.54 13.64
Low 80.80 | 8.49 10.71
Humid_1 | Moderate | 75.38 | 6.93 17.69
High 79.63 | 8.32 12.05
Low 79.33 | 9.61 11.05
Humid_2 | Moderate | 75.75 | 7.20 17.05
High 81.05 | 7.29 11.66

Patients with survival time less than 8 days have a
higher incidence of DF with compared to other survival
categories while, patients with survival time greater than
9 days have a higher percentage incidence of getting
DHF2 with compared to other survival times. There is a
minor difference between the patients with survival time
8-9 days and above 9 days for the DHF1 category.
When considering the WBC count, low and high level
of WBC counts have approximately the same
percentage of incidence. However, moderate amount of
WBC count have a higher incidence percentage of
DHF2 when compared to other levels of WBC. Further,
the percentage of incidence of DHF1 is similar in all
WBC levels. Patients with high platelet count have a
higher percentage incidence of getting DF with
compared to other platelet categories, whereas patients
with low platelet count have a higher percentage
incidence of getting DHF2. However, patients with low
and moderate platelet count have similar incidence for
DHF1. Patients with low PCV have a higher percentage
incidence of getting DF with compared to other
categories while patients with moderate PCV have a
higher percentage of DHF1 and DHF2.

A high amount of rainfall in the current month has a
higher percentage incidence of DF when compared to
other levels of rainfall in the current month, whereas
low amount of rainfall in the current month has a higher
incidence of DHF2. Moreover, for low and moderate
levels of rainfall in the current month there is no
significant difference in the percentage incidences for
DHF1. When considering the impact of rainfall of the
previous month, presence of a high amount of rainfall in
the previous month has a higher percentage incidence of
DF with compared to other levels of rainfall in the
previous month, while a moderate amount of rainfall in
the previous month has a higher percentage incidence
for DHF1 as well as for DHF2. A high amount of
rainfall in two months before has a higher percentage
incidence of getting DF with compared to other levels
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of rainfall in two months before, while a moderate
rainfall in the two months before has a higher
percentage incidence of DHF2 cases with compared to
other levels of rainfall in two months before. However,
the percentage incidence is similar for DHF1 among all
levels of rainfall in two months before.  When
concerning the impact of temperature in the current
month, presence of a low temperature in the current
month has a higher percentage incidence of DF with
compared to other categories of temperature in the
current month, whereas a moderate and high amount of
temperature in the current month have a similar
percentage of incidence for DHF2 cases with compared
to other categories of temperature in the current month.
There is no significant difference in the percentage
incidence for DHF1 among all categories of temperature
in the current month. A low amount of temperature in
the previous month has a higher percentage incidence
for DF when compared to other categories of
temperature in the previous month, while a high amount
of temperature in the previous month has a higher
percentage incidence for DHF2 when compared to other
categories of temperature in the previous month.
However, there is no significant variation in the
percentage incidences for DHF1 among all categories of
temperature in the previous month. When the impact of
temperature in two months before is considered, a low
amount of temperature in two months before has a
higher percentage incidence of DF with compared to
other categories of temperature in two months before,
whereas high amount of temperature in two months
before has a higher percentage incidence of DHF2 cases
with compared to other categories of temperature in two
months before.

For DHF1, there is no significant difference in the
percentage incidence for low and moderate amount of
temperature in two months before. When considering
humidity of the current month, presence of a moderate
amount of humidity in the current month has a higher
percentage incidence of getting DF when compared to
other categories of humidity in the current month, while
moderate amount of humidity in the current month has a
higher percentage incidence of DHF2 cases when
compared to other categories. There is no significant
variation in the percentage incidences for DHF1 among
all the categories of humidity in the current month.
There is similar percentage incidence for low and high
amount of humidity in the previous month for DF and
DHF1. However, presence of a moderate humidity in
the previous month has a higher percentage incidence
for DHF2 cases when compared to other categories of
humidity in the previous month. When concerning the
impact of humidity in two months before, presence of a
low amount of humidity in two months before has a
higher percentage incidence of DHF1 with compared to

other categories of humidity in two months before,
while moderate amount of humidity in two months
before has a higher percentage incidence for DHF2
when compared to other categories of humidity in two
months before. There is a similar percentage incidence
for low and high amount of humidity in two months
before for DF.

Generally, in each year it could be observed that two
peak incidences have occurred within the periods of
June-August and September-November for DF. For
DHF 1 and 2, however, 2006 has been a high incidence
year with one peak around June- August. The rest of the
times show no specific pattern for DHF 1 and 2.

Figure 2 depicts the variation of number of dengue
fever, dengue hemorrhagic fever 1 and 2 patients within
the year for the period of 2006-2008.
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Fig2: Variation of number of dengue fever (A), dengue
hemorrhagic fever 1 (B) and 2 (C) patients within a
year
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B. Univariate Analysis

The major objective of the univariate analysis is to
evaluate the associations of each variable one at a time
with the response variable. This section will describe
the results derived in the univariate phase of this study.

When closely looking at the dataset, it can be seen that
patients are nested within the district to which her/his

residence belongs. Therefore, it is possible to consider
the district as a stratification factor for use in the
Generalized Cochran Mantel Haenszel test. Table 5
gives the results obtained by applying the correlation
unadjusted Cochran Mantel Haenszel (CMH) test and
the correlation adjusted Cochran-Mantel-Haenszel-test.

Table5: Test Results of the Generalised Cochran Mantel Haenszel Test

Unadjusted CMH

Correlation adjusted CMH

Variable

Category

CMH d.f p-value Tp

d.f

p-value

Sex

Male

1.1792 2 0.5546 1.1565

2

0.5609

Female

Age

<20

24.3076 4 6.93e-05 24.2560

7.097112e-05*

20-35

>35

Survival

<8

20.4489 4 0.0004071 19.12230

0.0007436303*

8-9

>9

WBC

Low

4.5849 4 0.3326 4.354847

0.3601075

Moderate

High

Platelets

Low

146.5077 4 <2.2e-16 143.3866

5.314709e-30*

Moderate

High

PCV

Low

37.2051 4 1.634e-07 41.03896

2.638362e-08*

Moderate

High

RF

Low

8.1675 4 0.08563 7.923496

0.09442118

Moderate

High

RF_1

Low

10.5019 4 0.03277 10.30531

0.03558715*

Moderate

High

RF 2

Low

18.9255 4 0.0008129 20.07799

0.0004820034*

Moderate

High

Temp

Low

38.0133 4 1.113e-07 39.81199

4.733773e-08*
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Moderate

High

Low 46.9556 4

1.558e-09

47.41399 4 1.250267e-09*

Temp_1 Moderate

High

Low 33.0587 4

1.162e-06

35.23104 4 4.164387e-07*

Temp_2 Moderate

High

Low 53.3621 4

7.157e-11

56.17209 4 1.845312e-11*

Humid Moderate

High

Low 40.3115 4

3.732e-08

36.13466 4 2.714859e-07*

Humid_1 Moderate

High

Low 76.6399 4

8.964e-16

70.05392 4 2.21112e-14*

Humid_2 Moderate

High

* Coefficient is significant at 5% level.

According to the results obtained it can be noted that
there is a significant difference between the correlated
unadjusted Cochran Mantel Haenszel test and the
correlation adjusted Cochran Mantel Haenszel test
statistic. Therefore, this indicates the existence of some
correlation between the patients within a district.

Moreover, except ‘Sex’, ‘White Blood Cells’ and
‘Rainfall’ all the other variables are highly significant.
This implies that there is a strong association between
the type of dengue infection and all the other variables
[17].

C. Advanced Analysis
1) Multilevel Multinomial Model

One of the major objectives of this study is to fit a
multilevel multinomial logistic regression model to the
dataset of interest to identify the factors that
differentiate DHF1 and DHF2 from DF. The reason
behind the above objective is, to test the claim of many
clinicians that there is no major difference between
DHF1 and DHF2 categories. It is vital to conduct a
study such as this to assess this claim in a statistically
meaningful way [2].

The implication of having a between district variance of
zero is that a multilevel model is not required as there is
no level 2 variation [14]. It would be equivalent to

fitting a single level model. Therefore, in order to check
the suitability of the multilevel concept it is essential to
test the significance of the district level variance.

The DIC value of the random intercept model given in
(1) (6242.72) is less than that of fixed effects model
(6377.98). This suggests that there is an improvement of
135.26 due to the random intercept model. Thus, it is
possible to conclude that, it is appropriate to fit a
multilevel multinomial model to analyze the dataset of
interest.

The random effect covariance is positive (0.612), hence
it indicates that districts with high (low) incidence of
DHF1 tends to have high (low) incidence of DHF2 as
well [18]. Moreover, this relationship can be seen more
clearly when the correlation coefficient is taken into
account. It can be clearly seen that there is a high
positive correlation between DHF1 and DHF2 (0.750).

The table 6 shows the results from the multinomial
multilevel models. It includes the parameter estimate
I_S‘n and its standard error { SE| _S‘I i and associated odds
ratio (OR) pertaining to the two logits for every variable
in the model. The logits, leg (DHFi/DF i wherei = 1.2
indicate the log odds of belonging to D'HFi category
when compared to the I'F category.
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The odds of getting DHF1/DF for a patient with age
less than 20 years is twice as much higher than that for a
patient with age limit in excess of 35, whereas the odds
of getting DHF2/DF for a patient with age limit less
than 20 is approximately 1.7 times higher than that for a
patient with age greater than 35. Moreover, considering
the impact of variable Sex, it could be observed that the
odds ratio was significant only in DHF2Z/DF category
and the odds of getting DEF2/DF for a female is nearly
one and half times higher than that for a male patient.

The odds ratios of factor ‘Survival time (time spent in
the hospital)’ indicates that the odds of getting
DHF2/DF for a patient with survival time greater than
9 days is nearly 1.3 times higher than that of a patient
with survival time less than 8 days. Moreover, it is
interesting to note that this variable only affects
DHF2/DF category.The calculations of the odds ratios,
indicates that, the odds of getting DHFL/DF for a
patient with low platelet count is two times higher than
that for a patient with high platelet count, whereas the

odds of getting IHFZ/IF for a patient with low
platelet count is three times higher than that for a patient
with high platelet count. On the other hand, the odds of
getting DHF1/DF for a patient with moderate platelet
count is one and half times as much higher than that for
a patient with high platelet count, whereas the odds of
getting DHFZ/DF for a patient with moderate platelet
count is nearly twice than that of a patient with high
platelet count. One interesting point that could be
observed with respect to Packed Cell Volume (PCV) is
that, it only affects DHF2/DF category. The odds of
getting DHFZ /DF for a moderate level of PCV is nearly
1.8 times higher than that of a low PCV level.
Moreover, the odds of getting DHF2Z/DF for a high
level of PCV is approximately 1.9 times higher than that
of a low PCV level. Therefore, it could be seen that, the
odds ratios are approximately the same for moderate
and high level of PCV.

Table6: Parameter Estimates of Multilevel Multinomial Model

DHF1 DHF2
Factor/Covariate Category - — - s
Bistel B 1) OR Bistel B 1 OR
Demographic Variables
<20 0.806(0.143) 2.2389* 0.570(0.110) 1.7863*
Age
20-35 0.284(0.151) 1.3284 0.117(0.114) 1.1241
Sex Female 0.057(0.117) 1.9587 0.382(0.095) 1.4652*
Health and Laboratory Variables
8-9 0.145(0.125) 1.1560 -0.006(0.101) 0.9940
Survival
>9 0.228(0.142) 1.2561 0.256(0.112) 1.2918*
Low 0.740(0.143) 2.0960* 1.302(0.119) 3.6766*
Platelet
Moderate 0.466(0.140) 1.5936* 0.668(0.122) 1.9503*
Moderate 0.148(0.132) 1.1595 0.569(0.112) 1.7665*
PCV
High 0.104(0.149) 1.1096 0.624(0.123) 1.8664*
Climatological Variables
Moderate 0.424(0.144) 1.5281* -0.279(0.118) 0.7565*
RF 1
h High 0.023(0.151) 1.0233 -0.168(0.122) 0.8453
Moderate 0.281(0.180) 1.3244 0.222(0.139) 1.2486
Temp
High 0.483(0.234) 1.6209* -0.325(0.195) 0.7225
Moderate 0.276(0.195) 1.3178 0.027(0.162) 1.0274
Temp_1
High 0.431(0.260) 1.5388 0.208(0.216) 1.2312
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Moderate 0.100(0.164) 1.1052 0.173(0.147) 1.1889
Temp_2
High -0.611(0.210) 0.5428* 0.186(0.183) 1.2044
Moderate 0.290(0.149) 1.3364 0.544(0.129) 1.7229*
Humid
High -0.056(0.171) 0.9455 -0.120(0.147) 0.8869
Moderate -0.530(0.144) 0.5886* 0.663(0.122) 1.9406*
Humid_2 -
High -0.666(0.156) 0.5138* 0.195(0.138) 1.2153
Time 0.000(0.006) 1.0000 -0.020(0.005) 0.9802*
Cons -3.438(0.354) -3.519(0.300)
Deviance Information Criteria (DIC) : 6242.72

When the impact of rainfall in the previous month is
considered, the odds of getting '5F1/DF for moderate
amount of rainfall in the previous months is nearly one
and half times higher than that of a low rainfall level,
whereas the odds of getting DHF2/DF for moderate
amount of rainfall in the previous month is
approximately 0.76 times than that of a low rainfall
level. The odds of getting HFL/DF for a high level of
temperature in the current month is approximately one
and half times higher that of a low temperature. It was
not possible to observe such relationship for the other
category. It is interesting to note that the temperature of
two months before only affects theDHFL/DF.
Moreover, the odds of getting EF1/DF when there is
a high amount of temperature two months before is
nearly 0.5 times than that of a low temperature level.
The humidity of the current month only affects the
DHF2/DF category. Furthermore, the odds of getting
DHF2Z/DF for a moderate level of humidity in the
current month is nearly 1.7 times higher than that of a
low humidity level. Considering the impact of humidity
of the two months before, it could be seen that, the odds
of getting DHF1/DF for moderate amount of humidity
in the two months before is approximately 0.6 times
than that of a low humidity, whereas the odds of getting
DHF2/DF for a moderate amount of humidity in the
two months before is approximately two times higher
than that of a low humidity. On the other hand, the odds
of getting DHF L/ D'F for high amount of humidity in the
two months before is approximately 0.5 times than that
of a low humidity. However, this odds ratio was not
significant for DHFZ/DF,

The covariate ‘time’ only affects DHF2Z/DF category.
The odds of getting DHF2/DF decreases at a rate of
0.98 for one unit increment in the variable.

2) Residual Analysis

Figure 3 gives the Caterpillar Plot, Normal Plot and
Anderson Darling Test results for the two logits of the
multilevel multinomial model.

According to the Caterpillar plot of the 1%logit (i.e.
logit 'L%,I), only 4 districts exhibit 95% confidence
intervals that does not include zero. Namely, they are
districts 7 (Kalutara), 3 (Colombo), 13 (Puttalam) and 9
(Kegalle) respectively. This indicates that these districts
are different in behavior from the other districts. The
Normal Plot depicts that most of the points are
approximately distributed around the 43* axis.
Therefore, it is reasonable to assume that the normality
assumption of the residuals is satisfied

District level residuals
Tor logit(DHF1)
Stancardized district
level residuals for

40 05 00 05 10 16 21

rank nscone

......................................

District level resicduals
for legit(DHF 2]

AT
2116 10 95 00 05 10 16 29
rank nscore:

AD statistic  0.445 palue: 0235

Fig3: Caterpillar Plot, Normal Plot and Anderson
Darling Test results of the (A), Caterpillar

Plot, Normal Plot and Anderson Darling Test results of
the (B)

The p-value of the Anderson Darling Test statistic
exceeds 0.05, since » — value (0.895) = 0.05, it is not
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feasible to reject the null hypothesis of residuals are
normally distributed at 5% level of significance.
Thereby, it concludes that the district level residuals of
the 1*logit adhere to a normal distribution.

The Caterpillar plot of the 2™logit (i.e. logit 'L%J),
only 3 districts exhibit 95% confidence intervals that
does not include zero. Namely, they are districts 1
(Anuradhapura), 9 (Kegalle), 10 (Kurunegala),
respectively. The Normal Plot shows that the points are
slightly deviated from the 453° axis.

The p-value of the Anderson Darling Test statistic
exceeds 0.05, since @ — value (0,255} = 0.05. Thus it
is not feasible to reject the null hypothesis that the
residuals are normally distributed at 5% level of
significance. Thereby, it concludes that the district level
residuals of the 2"logitfollows a normal distribution.

3) Predictive Accuracy of the Multilevel
Multinomial Model

Table 7 gives the classification table corresponds to the
fitted multilevel multinomial model. In order to perform
this task, m;;"*",my;'"*" and m;;**" are calculated for all
i.J as given in (2). Then the patient was allocated to the
category having highest probability. According to the
calculation it could be concluded that the predictive
accuracy of the main effects model is 86.02%

Table7: Classification Accuracy of the Multinomial

Model
True Category
Total
DF | DHF1 | DHF2
DF 3944 199 308 4451

DHF1 | 14 148 127 289

Predicted
Category

DHF2 8 51 260 319

Total 3966 | 398 695 5059

. 3944 + 148 + 280 4352 0,860
Accuracy = 5050 =3Sggg - 08602

4. Discussion

The central aim of this study is to investigate the
association between different types of dengue infections
in Sri Lanka and demographic, health and laboratory
and climatological variables using the multilevel
multinomial model.

According to the multilevel multinomial model, females
are more prone to suffer from Dengue Hemorrhagic
Fever 2 than Dengue Fever when compared to males
and there is no significant difference between Dengue
Hemorrhagic Grade 1 and Dengue Fever with respect to

gender. However, when DHF1 and DHF2 categories are
combined together as DHF, females have more chance
of getting Dengue Hemorrhagic Fever than Dengue
Fever with compared to males [19]. Furthermore,
patients under age of 20 years have more chance of
getting Dengue Hemorrhagic Grade 1 or Grade 2 when
compared to patients with Dengue Fever. A previous
study also found that the younger children (less than 15
years) are more prone to DHF than older children and
adults who are more likely to get DF [20].

White Blood Cells count is not a good indicator to
differentiate Dengue Hemorrhagic Fever 1 and 2. As in
the Guidelines on Management of Dengue Fever &
Dengue Haemorrhagic Fever in Children and
Adolescents by Health Ministry of Sri Lanka, a lower
WABC level was seen in both DF and DHF patients [2].
Patients with Dengue Hemorrhagic Fever Grade 1 and
Grade 2 have high chance of reduced platelet counts
than patients with Dengue Fever. Literature shows that
there is a significant negative correlation between the
disease severity (grade of DHF) and platelet counts
[21]. The Packed Cell Volume of the Dengue
Hemorrhagic Fever 2 patients increases more than that
of Dengue patients. However, there is no significant
difference in the Packed Cell Volume of patients with
Dengue Fever and Dengue Hemorrhagic Fever 1. This
result could be further verified as PCV > 50 was
significantly associated with the presence of bleeding
manifestation [21]. Even though, literature shows that,
on average, patients with DHF have a more severe
illness and may require hospitalization for a more
extended period of time in comparison to DF [22], when
it is sub-divided as DHF1 and DHF2, the above
relationship was not seen in both the categories
separately. The survival time of patients with Dengue
Hemorrhagic Fever 2 is higher than that of patients with
Dengue Fever. This would imply that DHF2 patients
have to stay quite a longer time in the hospital than
patients with DF. However, there is no significant
difference in the survival time of patients with Dengue
Fever and Dengue Hemorrhagic Fever 1.

In addition to the health and laboratory variables,
presence of moderate rainfall in the previous month
favors having Dengue Hemorrhagic Fever 1 than
Dengue Fever, whereas, it reduces the presence of
Dengue Hemorrhagic Fever 2 than Dengue Fever.
Moreover, presence of a moderate temperature in the
current month favors having Dengue Hemorrhagic
Fever 1 than Dengue Fever. On the other hand, presence
of a high temperature in two months before would
reduce the chance of having Dengue Hemorrhagic Fever
1 than Dengue Fever, whereas it increases the presence
of Dengue Hemorrhagic Fever 2 than Dengue Fever.
Existence of a moderate humidity in two months before
would reduces the chance of having Dengue
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Hemorrhagic Fever 1 than Dengue Fever, whereas, it
increases the presence of Dengue Hemorrhagic Fever 2
than Dengue Fever. Moreover, high level of humidity in
two months before would reduce the chance of having
Dengue Hemorrhagic Fever 1 than Dengue Fever.

No studies could be found for climatic factors affecting
the type of dengue namely, DHF1 and DHF2. However,
the effect of climatic parameters, rainfall, temperature
and humidity and their lag-terms have been evaluated
on the overall dengue incidence [23]. Moreover,
according to the Dengue: Guidelines for Diagnosis,
Treatment, Prevention and Control by WHO [24],
several factors can influence the virus transmission
including environmental and climatic factors, and
climate directly influences the biology of the vector.
This implies that the behavior of climate is different for
DHF1 and DHF2. However, no direct studies have been
done to quantify the impact of the climatic variables on
the type of dengue, DHF1 and DHF2.

There is a decreasing trend of patients with Dengue
Hemorrhagic Fever 2 than Dengue Fever over time.
However, such relationship is not evident for Dengue
Hemorrhagic Fever 1 with reference to Dengue Fever.

Some problems arose in this study. The first significant
problem was encountered during the data preparation
stage. The original dataset consisted of missing
observations. Even though techniques such as missing
value imputation are available, percentage of missing
values relative to the available data is small. Therefore,
it was decided to list wise delete records with
incomplete observations for all the variables except the
climatic variables. Not all 25 districts were used due to
small number of observations in some of the districts.
Furthermore, the entire Northern Province was
unrepresented, therefore could not generalized the
findings to the entire country.

As we had sufficient amount of data for this study,
missing value imputation was not performed. However,
for small datasets with missing values, missing value
imputation plays a very important role and this can be
studied as further work. Furthermore, as the civil war is
over data is available for Northern Province, thus this
study could be extended to represent the whole country.

5. Conclusion

Finally, it would be possible to conclude that different
factors affect PHF1/DF and DHF2/DF categories in a
different way.This may be due to the fact that dengue is
caused by four different virus serotypes and each may
need different conditions and have different incubation
periods. This could be further verified as DENV-2 was
significantly associated with increased odds of DHF 1
compared to DF, when using DENV-1 as the reference
[25].
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