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Rural Origin of the Propagation of Dengue 

!  Dengue is peri urban disease in the tropics and 
subtropics, cause by an arbovirus transmitted by Aedes 
mosquitoes. 

!  These mosquitoes are affected by ecological and 
human drivers but are also influenced by climate, 
including variability in temperature and moisture. 

!  Incidence tends to peak during the rainy season 
!  40 million symptomatic infections occur annually, over 

two million may require hospitalization.  
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!  Revealing the dispersal of dengue viruses in time and 
space is central to understanding dengue transmission 
in endemic dengue populations  

!  This is essential to the rational deployment of vector 
control activities and the design of intervention 
strategies 



Propagation of Dengue: Main Paradigm 

!  The processes that shape dengue transmission 
patterns are not well understood 

!  Particularly the impact of factors such human 
population movement and urbanization is rarely 
analyzed deeply 

!  Urban center seems to have a crucial influence 
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Dengue in Thailand 
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Dengue in Southern Vietnam 

!  DENV-2 genome sequences were obtained 
from dengue patients enrolled into a clinical 
and virological study at the Hospital for 
Tropical Diseases in Ho Chi Minh City. 

!  168 sequences were analyzed. 
!   Sequences were sampled from 2001 to 2008. 
!  These sequences were from hospitalized 

dengue cases from HCMC and from 9 
additional provinces in southern Viet Nam. 

!  The analysis has been done with the BEAST 
package. 
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Dengue in Southern Vietnam 

!  HCMC acts as a 
driver of viral diffusion 

!  A major influence of 
anthropogenic factors 
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Dengue in Southern Vietnam 

!  Phylogeographic analysis of 751 complete 
genome sequences of DENV-1 sampled 
from both rural and urban 

!  The dengue patients from two prospective 
studies at the Hospital for Tropical 
Diseases in Ho Chi Minh City or at Dong 
Thap Hospital  

!  Whole genome sequences of DENV-1 
sampled over a period of six years (2003–
2008). 

!  The phylogeography analysis was 
executed with BEAST. 
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Dengue in Southern Vietnam 

!  In four of the five clades, HCMC was the most likely viral 
source with viruses exported to the rural area. (The exception 
was clade 1, which was dominated by Dong Thap viruses). 

!  DENV-1 tends to move from urban to rural populations, and 
that densely populated regions within Ho Chi Minh City act as 
major transmission foci.  

!  However, there was no clear association between genetic 
diversity, incidence, and dispersion rate observed in the urban 
environment. 

 
!  Phylogeographic evidences of importation of virus from 

Cambodia then Cambodia may acting as the major source of 
Vietnamese DENV-1. 
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Propagation of Dengue: Main Paradigm 

!  Major urban areas of Southeast Asia have been 
proposed to play central roles in dengue epidemics 

!  Large viral genetic diversity of the dengue virus 
and population sizes sufficiently large 

!  This allows to sustain outbreaks that may 
subsequently spread to more rural areas, and 
potentially acting as harbingers of epidemics 

!  But clearly the analysis of genome sequences is 
biased toward those of large urban centres. 
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!  Dengue epidemics from Cambodia (2008-2010) 
 

!  Dengue epidemics in Southern Vietnam 
(2001-2011) 

!  Data from Thailand at the province level 
(1982-2011) 

3 examples where the “urban paradigm” failed! 
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Siem Reap 
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Dengue in Cambodia 

Phom Penh 
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Dengue in Cambodia 

#306: a rural district 
on the Mekong river  
near Kampong Cham 
 
#307: a rural district  
on the Mekong river  
 
#104: a rural district on 
the north on the 
national road 



Rural Origin of the Propagation of Dengue 
Dengue in Cambodia 

Kampong Cham 

Siem Reap 
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Dengue in Cambodia 

Districts along the 
Mekong river: 1: #306; 2: 
Phnom Penh and 3:#805  
 
 
 
 
 
 
 
 
Districts along the main 
national road: 4:#104 
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Dengue in Cambodia 

2002                                  2003                                     2004       

2005                                  2006                                     2007       
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Dengue in Cambodia 

!  Our results show that the seasonal epidemic consistently starts 
in the same three rural districts in Cambodia with a non 
homogeneous propagation in the country.  

!  In districts located along the busiest road, dengue epidemics 
appear simultaneously and early. 

!  Districts located along the Mekong River get hit by the seasonal 
epidemic later, with the delay being proportional to the distance 
to district #306.  
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Dengue in Southern Vietnam 

6: HCMC   2: Binh Phoc   14: Soc Trang   18: Kien Giang 
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Dengue in Southern Vietnam 
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Aggregate 

Binh Duong 

Bac Lieu 

Ca Mau 

Dengue in Southern Vietnam 
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Dengue in Southern Vietnam 

Multi-focus origin mainly: 2: Binh Phoc   14: Soc Trang   18: Kien Giang 
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Dengue in Southern Vietnam 

Black: HCMC 
 
Red:  
Binh Phuoc 
 
Green: 
Soc Trang 
 
Yellow: 
Kien Giang 
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Dengue in Southern Vietnam 

Red:  
Super-Urban 
HCMC 
 
Yellow: 
Peri-Urban 
HCMC 
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District Data 
     (n=159) 

Province Data 
       (n=19) 

Annual Incidence Annual Mode 

Mantel Correlation 
Dengue in Southern Vietnam 
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Wavelet Clustering 
 
                 => 
 
Geographical pattern 

Dengue in Southern Vietnam 



!  In HCMC the incidence was lower than most rural provinces and 
annual epidemics occurred 1–3 months later than elsewhere. 

!  HCMC cannot serve as a source population initiating annual 
dengue epidemics in other provinces.  

!  But the presence of multiple different locations with early dengue 
epidemics indicates that there is no consistent geographic source 
from which dengue epidemics emanate.  

  
!  Larger similarity in districts in closer proximity, and this 

association remains significant out to a distance of 50 to 100 km.  
!  This suggests an important role for local drivers of dengue 

transmission operating at the local spatial scale. 
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Dengue in Southern Vietnam 
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Seasonal Mode 
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Concluding Remarks 

!  An improved understanding of heterogeneities in 
dengue transmission may provide insights into 
biological and ecological drivers. 

!  Dengue transmission intensity in peri-urban and rural 
settings often equals or exceeds that in urban centers. 

!  These findings can aid the targeting of vector-control 
interventions and the planning for dengue vaccine 
implementation. 
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Concluding Remarks 

!  A number of factors could also explain the observed 
spatial dynamics in southeast Asia 
!  geographic differences in micro-climate may contribute to 

differences in the timing of dengue epidemics  
!  the ratio of vectors to human hosts, rather than density of 

vectors or hosts alone 
!  a higher median population age in urban center 
!  differences in DENV serotype abundance and turnover  
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