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Abstract 

This study assessed the current situation and trends of dengue fever/dengue haemorrhagic fever 
(DF/DHF) in Myanmar and its states/divisions. It made forecasts from the epidemiological standpoint and 
also attempted a comparison with Thailand. Between 1991 and 2001, the distribution of DF/DHF 
showed upward trends with cyclical pattern and seasonal variation. Heterogenous distribution of 
DF/DHF in Myanmar was evident. According to our model, holding other things constant, the next spike 
of DF/DHF in Myanmar is to be predicted in 2004 [mean morbidity rate (MBR) = 127.6, 95%; 
Confidence Interval (CI) = 22.4-232.8]. Computed seasonal index (SI) showed that the transmission of 
DF/DHF in a given year began in the latter part of the previous year (November and December). 
Compared to Thailand, between 1991 and 1998, relatively low morbidity with a higher case fatality rate 
(CFR) was observed in Myanmar.  
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Introduction 
Myanmar is located in the tropical zone and 
the climatic conditions are favourable for the 
breeding of Aedes aegypti, the vector of 
dengue virus. The first epidemic of dengue 
fever/dengue haemorrhagic fever (DF/DHF) 
in Myanmar, pertinent to Yangon city was 
recorded in 1970. Since then, the disease 

has spread to other regions in the country. In 
Myanmar, DF/DHF is classified as a 
notifiable infectious disease because of 
national interest in the development of 
effective community-based strategies. From 
1970 to 2001, records show that an 
epidemic or outbreak of DF/DHF has 
occurred every 3 to 4 years(1). In a recent 
study, Cho-Min-Naing(2) has estimated an 
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annual loss of 3,269 future life years due to 
premature mortality and disability during the 
period 1970-1997. This had a significant 
impact on national development through the 
loss of potential learning and earning 
capacities.  

In the context of the national health 
plan, the Myanmar National DF/DHF 
Control Project (NDCP) is one of the core 
elements of the National Vector-Borne 
Disease Control programme (VBDC). The 
general objective of the Myanmar NDCP is 
to prevent the occurrence of cases and to 
reduce deaths due to DF/DHF. Despite 
concerted efforts for the prevention and 
control of DF/DHF, the increasing trend of 
the disease highlights the need for better 
planning for effective and efficient control 
strategies and trend analysis studies. Most 
studies of DF/DHF in Myanmar have 
attempted a descriptive summarization using 
aggregate data(3,4). Previous studies 
employed simple linear regression to obtain 
trends in absolute numbers of cases and 
deaths. Data such as morbidity rate (MBR), 
mortality rate (MTR) and case fatality ratio 
(CFR) are comparable and thus more 
informative, while absolute numbers are not 
directly comparable. Moreover, most 
infectious diseases exhibit temporal variation 
characterized by seasonal and cyclical 
variations, social trends and epidemics. 
Therefore, a model considering contributory 
components to time-series analysis such as 
seasonal components, cyclical patterns and 
error terms is valuable. In addition, random 
or stochastic properties of DF/DHF are 
important in times series data. If time-series 
data are non-stationary but integrated as in 
the present DF/DHF time series analysis, 
forecasting with Autoregressive Integrated 

Moving Average (ARIMA) modelling is 
attractive(5).  

To our knowledge, systematic 
investigation of seasonal transmission 
indicating the seasonal index (SI) of DF/DHF 
is essential in Myanmar. Furthermore, 
separate analysis of area-wise distribution in 
each state/division is desirable because of 
focal distribution of the disease. In addition, 
studies incorporating comparison with 
neighbouring countries are still limited. 
Therefore the following studies were 
designed: 

(a) to monitor the DF/DHF situation in 
Myanmar and forecast with ARIMA 
modelling; 

(b) to detect seasonal transmission 
patterns in the distribution of 
DF/DHF in Myanmar, and 

(c) to compare with Thailand and 
explore possible reasons for the 
differences or similarities. 

Methods and materials 
The present study is a time-series analysis 
using information obtained from official 
documents and published data. National 
data on the annual mean cases and deaths, 
the annual mean MBR and MTR, the annual 
mean age-specific cases and deaths, and the 
annual mean CFR for the period 1991-2001 
were extracted from official annual reports 
of the Myanmar VBDC. The aggregate 
monthly cases and deaths of DF/DHF in 
Myanmar during 1996-2001 were collected 
from the same source. The annual mean 
morbidity and mortality rates for Thailand 
between 1991-1998 were obtained from the 
published data available at the time of 
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analysis(6,7). As for Myanmar as a whole, the 
yearly and monthly distribution and age-wise 
distribution of DF/DHF, descriptive statistics 
using mean and 95% confidence intervals 
(CI) for means were applied. To investigate 
the trend and for forecasting of DF/DHF 
incidences in Myanmar, time-series analysis 
pertinent to ARIMA modelling was carried 
out. In this ARIMA process appropriate 
autoregressive (AR), differences (D) and 
moving average terms (MA) were defined 
based on model diagnostic tests. Diagnostic 
tests with residuals of autocorrelation 
function (ACF) and partial autocorrelation 
function (PCF) were checked for the 
appropriateness of selected parameters(5). 

In order to detect geographical 
variation, the weighted mean MBR, 
weighted mean MTR and weighted mean 
CFR of each of the 14 states/divisions were 
tested with analysis of variance (ANOVA). 
The weighted means were calculated as 
exponential averages with more weight 
being given to recent observations as 
compared to observations further in the past. 
After trials of several arbitrary weights, a 
weight of 0.7 was selected. The weights thus 
given to each year's data were 34% to 2001, 
24% to 2000, 17% to 1999, 11.5% to 1998, 
8.1% to 1997 and 5.5% to 1996. Hypothesis 
testing was carried out thus: 

Ho: The mean of DF/DHF is equal in 
the 14 groups (states/divisions) of Myanmar 

HA: The means are not equal. 

To estimate the seasonal transmission, 
an SI was computed using reported monthly 
cases whose base is the MA centred at that 
month. In the present analysis, a moving 
time length of 6 months was considered as a 
moving window to detect the bimonthly 

pattern of dengue transmission. SI indicates 
the typical effect of any particular month in 
the time series. Specifically, we selected a 
multiplicative form of decomposition of the 
time-series data to obtain a multiplicative 
relationship among the components of the 
data such as trend component, seasonal 
component, cyclical component and 
random component. For interpretation, an 
index of 1.0 in a particular month means 
that the number of cases in that month is 
100% of those in an average month(8). 

Based on available data for 1991-1998, 
for comparison of the incidences of DF/DHF 
between Myanmar and a neighbouring 
country (Thailand in our case), a matched-
group t test was applied with an α error of 
0.05. In this aspect, our hypothesis was 
illustrated as: 

Ho: µ1 = µ2 [The mean morbidity 
rate/mortality rate of DF/DHF is equal in the 
two countries] 

HA: µ1 = µ2 [The means are not equal] 

The data in the present study were 
processed using Excel spreadsheet and 
Minitab software (release 11.2) for Windows. 
All significance tests were two-sided. 

Results 

Table 1 shows the distribution of national 
MBR, MTR and CFR of DF/DHF in Myanmar 
between 1991-2001. It appears that during 
this period, the yearly averages of DF/DHF 
in Myanmar were significantly different at 
the 5% level (p < 0.05 for all three 
variables). 
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Table 1: Distribution of yearly means of 
DF/DHF in Myanmar (1991-2001) 

Description Mean* (95%CI) 

Cases 6,207 (2,709-
9,705) 

Deaths 138 (43-233) 

Case fatality ratio 2.13 (1.38-2.87) 

Morbidity rate per 
100,000 under 15 
population 

35.25 (16.4-54.08) 

Mortality rate per 
100,000 under 15 
population 

0.89 (0.34-1.45) 

*Mean for 11 observations (1991-2001); CI denotes 
confidence interval 

On the evidence presented in Figure 1, 
sharp spikes are clear in the years 1994, 

1998 and 2001. It is noticeable that the 
magnitude of DF/DHF (that is, MBR in the 
figure) in these spike years reached beyond 
the upper limit of 95% CI for the mean. 
Based on the recent past nonepidemic year 
2000, our forecasting model indicates that, 
holding other things constant, the next 
expected morbidity spike may occur in the 
year 2004 (with mean MBR = 127.6; 95%, 
CI = 22.4-232.8). The same pattern occurs 
with MTR (Figure not shown). 

The available data set shows that the 
highest affected age group was 5-11 years, 
followed by 1-4 years and 12-14 years 
(Table 2). The least affected age group was, 
in general, 15 years and above. Comparing 
1998 and 1999, there was no significant 
difference in age-wise distribution (p > 0.05 
in all age groups). 

Figure 1. Morbidity rate of DF/DHF in Myanmar (1991-2001) 
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Table 3 illustrates the distribution of 
DF/DHF among 14 states/divisions. It is 
noted that until 2001, no cases and deaths 
were recorded in Chin State of Myanmar. 
The highest number of cases, deaths and 
MBR are noted in Yangon division, while the 

highest MTR was in Mon state and the 
highest CFR in Kayah state division during 
the course of the study period. The 
distribution of DF/DHF in 14 states/ divisions 
showed significantly different levels (p < 
0.001 in all variables). 

Table 2. Percentage distribution of age-wise break-up of DF/DHF cases 
 in Myanmar (1998-1999) 

Year <1year 1-4 
years 

5-11 
years 

12-14 
years 

15-20 
years 

21-24 
years 

25-30 
years 

≥31 
years 

1998 4.38 32.16 52.65 9.91 0.45 0.14 0.12 0.18 

1999 5.11 32.82 52.99 8.97 0.1 0 0 0 

Note: Age grouping is as it appeared in the office document. 

Table 3: The weighted mean distribution of DF/DHF in 14 States/Divisions of Myanmar 
between 1996-2001 

State/Division Weighted 
cases 

Weighted 
deaths Weighted MBR Weighted MTR Weighted CFR 

Kachin 252.35 8.63 21.63 1.82 3.42 

Kayah 0.97 0.17 1.175 0.21 17.53 

Kayin 279.8 3.37 11.94 0.59 1.2 

Chin 0 0 0 0 0 

Mon 1263.08 23.33 6.91 2.63 1.85 

Rakhine 64.78 2.51 5.789 0.24 3.88 

Shan 63.83 3.16 4.51 0.17 4.94 

Ayeyarwaddy 386.05 11.76 9.28 0.44 3.05 

Magwe 112.21 8.34 2.88 0.47 7.43 

Mandalay 856.14 5.87 22.04 0.25 0.69 

Bago 577.09 11.59 15.31 0.58 2.01 

Yangon 3911.49 28.99 82.3 1.41 0.74 

Sagaing 257.63 4.72 6.1 0.26 1.83 

Tanintharyi 131.52 2.29 24.38 0.54 1.74 
F- test is significant at p < 0.0001 in all 5 variables 
MBR denotes morbidity rate per 100,000 under 15-yr population 
MTR denotes mortality rate per 100,000 under 15-yr population 
CFR denotes case fatality ratio 
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Figure 2 illustrates the monthly 
reported cases of DF/DHF in Myanmar 
between 1996-2001. In Myanmar as a 
whole, a higher number of cases were 
reported in the monsoon period with no 
case-free month being observed during the 
study period 

As SI ≥ 1 presumes transmission season, 
the dengue transmission season in Myanmar 
generally peaked in the early and latter parts 
of the year during the period 1996 to 2001 

(Table 4). The highest SI was observed in the 
later two months in 2000, a pre-epidemic 
year. This suggests that the epidemic in 2001 
was due to dengue transmission in 
November-December of 2000. It then 
became prolonged and covered the first four 
months and the last four months of 2001 
according to the present finding. Yet, 
perennial transmission of dengue was not 
evident during the period 1996-
2000.Surveillance system  
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Table 4: Seasonal indices (SI) in Myanmar (1996-2001) 

1996 1997 1998 ♦ 1999 2000 2001♦ 
Month 

SI SI SI SI SI SI 

January & February 1.77* 1.6* 1.54* 1.66* 1.08* 1.23* 

March & April 0.89 1.35* 1.15* 1.08* 0.7 1.01* 

May & June 0.88 0.84 0.81 0.73 0.62 0.77 

July & August 0.2 0.14 0.38 0.3 0.39 0.74 

September & October 0.75 0.46 0.56 0.67 0.97 1.03* 

November & 
December 

1.49* 1.59* 1.54* 1.53* 2.22* 1.19* 

Moving length = 6 (bimonthly considerations) 
*Aggregate data of 14 States/Divisions in Myanmar 
  SI > 1.0 
♦epidemic year(1) 

Figure 2: Number of DF/DHF cases in Myanmar by month (1996- 2001) 
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Based on available data, Table 5 
demonstrates the MBR, MTR and CFR in 
Myanmar and Thailand in 1991-1998.  

A noticeable point is the relatively 
low MBR with higher CFR in Myanmar. 
The present estimation reveals that there 
were significant differences in MBR and 
CFR of DF/DHF between Myanmar and 
Thailand during the period 1991-1998 
(p=0.002; p=0.001) but not MTR 
(p=0.131). 

Discussion  
Compared to previous studies(3,4), our 
finding also indicates an upward DF/DHF 

trend with cyclical pattern and seasonal 
variation. The estimated next spike of 
DF/DHF calls for serious preparedness for 
an epidemic with sound planning of 
multisectoral efforts, in order to reduce the 
expected mortality.  

The result of this study confirmed the 
geographical variation among different 
states/divisions in Myanmar. Mobilization 
of health resources should be prioritized 
for use in the focal areas. This does not 
mean prevention is not necessary for the 
as yet non-infected regions. Community 
awareness of dengue is desirable even in 
the unaffected regions so as to recognize 

 

Table 5: Yearly distribution of DF/DHF in Myanmar and Thailand (1991-1998) 

Case Fertility Ratio* 
Morbidity rate per 100,000 

population 
Mortality rate per 

100,000 population Year 

Myanmar Thailand Myanmar** Thailand Myanmar Thailand 

1991 4.16 0.31 16.34 76.79♦ 0.68 0.24♦ 

1992 2.2 0.3 3.99 71.16♦ 0.09 0.24♦ 

1993 2.94 0.33 5.28 114.88♦ 0.16 0.38♦ 

1994 3.66 0.27 29.63 87.47♦ 1.08 0.24♦ 

1995 2.14 0.3 5.52 101.46♦ 0.12 0.31♦ 

1996 0.97 0.31 4.06 63.09♦ 0.04 0.19♦ 

1997 2.05 0.25 8.61 169.13# 0.18 0.42# 

1998 1.62 0.34 27.46 207.75# 0.45 0.71# 

*cases/deaths in the same year 
**transformed original value of rate per 100,000 under 15 population(1) to rate per 100,000 population.  
♦Wangroongsarb, 1997(6) 
#Rojanapithayakorn, 1998(7) 
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the disease as early as possible. Since the 
major victims of DF/DHF in Myanmar are 
schoolgoing children, their learning capacity 
is affected as a result of absenteeism along 
with post-infection weakness. Moreover, the 
intangible costs related to anxiety among 
affected community members have to be 
compounded.  

As indicated above, the transmission of 
DF/DHF in a given year begins in the latter 
part of the previous year (November and 
December). This finding has implications for 
the timing of (vector breeding) source 
reduction efforts. If such efforts are started 
even during the early monsoon as is usual in 
Myanmar, it is already late.  

If we suppose data quality to be the 
same for Myanmar and Thailand, the 
relatively low morbidity with higher CFR in 
Myanmar raises two possibilities. First, if this 
is really a higher CFR, it may be due to late 
admissions to hospitals for a variety of 
reasons, which, in turn, leads to serious 
complications such as dengue shock 
syndrome, contributing to the high mortality 
of DHF. Here, our key assumption is that the 
quality of case management is standardized 
in both countries. The second explanation 
rests on the point that there may be a 
possibility of a low denominator factor, 
giving exaggerated results due to reporting 
bias. Because the estimation of CFR in 
Myanmar has employed only admitted cases 
(Grade II and above) as Grade I cases are not 
admitted to hospital(1). Whatever the 
explanation, this study shows that DF/DHF is 
a problem in both countries sharing a 
border, which needs close collaboration in 
synergistic control strategies for dengue 

infection coupled with individual national 
strengthening of future efforts. 

We are aware that this retrospective 
study has several limitations. First, the 
majority of cases are, of course, clinically 
suspected ones. Since serological 
confirmation is limited, this finding does not 
reflect the actual magnitude of DF/DHF in 
Myanmar. While serological surveillance of 
DF/DHF in Myanmar is still limited, it is 
possible that over-diagnosis may be offset by 
the under-reporting of DF/DHF. This is 
because Grade I cases are not admitted to 
hospital and thus they are not included in 
the case report(1), but the extent of 
underestimation is unknown. We do 
recognize that laboratory surveillance aiming 
to identify the circulating viral serotype(s) of 
DF/DHF in Myanmar remains a desirable 
research area.  

Regarding the methodology, the use of 
ARIMA modelling in the present study “lets 
the data speak for themselves”. This is what 
is called an a-theoretic model(5). If we would 
like to capture additional explanatory 
factors, a further model incorporating all 
possible explanatory factors is desirable. For 
a better understanding of DF/DHF in 
Myanmar, an investigation incorporating 
other parameters including meteorological 
factors and entomological factors is presently 
under way. 

Despite limitations, the present study 
provides evidence-based information 
regarding “where we are now” and “what 
we have to expect” to those who will utilize 
our findings as decision variables for better 
planning of DF/DHF prevention and control 
in Myanmar. 
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