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Does Unplanned Urbanization Pose 
a Disease Risk in Asia? The Case of 
Avian Influenza in Vietnam

SUMMARY Cities are expanding very rapidly in Asia, often without adequate 

housing, transportation, water, or sanitation. These new “peri-urban” areas 

may be hot spots for disease, both in humans and domestic animals. Research 

into the possible link between unplanned urban expansion and disease 

outbreaks compared patterns of land-use change with two major outbreaks in 

Vietnam of highly pathogenic avian influenza (HPAI, subtype H5N1) that 

killed millions of chickens between 2003 and 2005. Work began by classifying 

communes into land-use categories: rural, peri-urban, urban, and urban core. 

The study found that peri-urban communes had at least a 150 percent higher 

risk of experiencing an H5N1 outbreak than did other types of commune, 

and that urbanization entails a spatial convergence of several key risk factors 

for H5N1 transmission. By focusing prevention programs on communes with 

these factors, the Vietnamese government can potentially improve disease 

prevention at lower cost. This research may also help explain the epidemi-

ology of other infectious diseases, both in humans and livestock.
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All over Asia, rural dwellers are moving to urban 
centers in search of better economic opportunities, 
and cities are growing at an unprecedented rate. In 
the 50 years between 1965 and 2015, Asia’s urban 
population increased nearly fivefold—from 430 
million to 2.1 billion—and by 2015, nearly one-half 
of all people in Asia were living in cities.1

This urban expansion has been largely unplanned. 
In city after city, local governments struggle to provide 
housing, sanitation, healthcare, transportation, and 
other infrastructure to areas with rapidly growing 
populations. These “peri-urban” areas, which often 
surround a core urban zone, represent a transition 
between rural and urban land-use types. Here new 
migrants live in crowded conditions with few public 
services and a poorly developed sense of community.

The conditions that characterize these peri-urban 
areas have raised concerns about the potential rise 
of new and reemerging infectious diseases. These 
affect humans, economically important livestock, or 
both and include SARS, swine flu, and highly patho-
genic avian influenza (HPAI, subtype H5N1). First 
detected in 1996 in geese in China, avian influenza has 
been described as the most significant newly emerging 
pandemic disease since HIV/AIDS.2

Highly Pathogenic Avian Influenza

Wild birds can carry the avian influenza virus 
without showing any signs of disease. Ducks and 
geese may also be infected without serious disease 
signs. But when domestic chickens become infected, 
the death rates can be catastrophic.

Although they may not be strongly affected 
themselves, ducks are thought to play an impor-
tant role in disease transmission in Southeast Asia. 
Following the region’s traditional integrated-farming 
practices, duck owners transport their birds to and 
from different rice paddies around a small region. The 
ducks provide a service to farmers because they eat 
insects that can damage rice plants and their manure 
helps fertilize rice paddies. As they travel from paddy 

to paddy, however, they are in contact with wild birds 
that carry avian influenza and also with domestic 
chickens that are highly susceptible to the virus.

Once avian influenza appears in a flock of 
domestic chickens, the disease can spread rapidly, 
affecting multiple internal organs and killing 90 to 
100 percent of affected birds, often within 48 hours. 
Outbreaks are generally controlled by killing entire 
flocks where infection has been detected and moni-
toring and vaccinating flocks nearby.

Apart from the threat to poultry, avian influenza 
poses a risk to human populations. The virus was 
first detected in humans in 1997 during a poultry 
outbreak in Hong Kong, and since then it has killed 
more than 400 people in 16 countries.

Up to now, most human infections have occurred 
following close or prolonged contact with infected 
poultry. There is concern, however, that the virus 
could mutate and become transmissible between 
humans, possibly causing a pandemic worldwide. 

To gain a better understanding of the potential 
link between land use and disease risk, beginning in 
2010 the Center teamed with scientists at the Vietnam 
National University of Agriculture to study the role of 
unplanned urbanization in the emergence of infec-
tious disease. The focus was on two of the worst 
outbreaks of avian influenza that occurred in Vietnam 
between late 2003 and early 2005, in which millions 
of poultry died from the virus or were culled in an 
effort to control the disease.

The research goal was to improve understanding 
of how land-use change associated with urbanization 
and agricultural intensification might contribute to 
outbreaks of avian influenza in poultry. Such under-
standing could help policymakers identify specific 
areas at highest risk of a disease outbreak, making 
government prevention programs more effective and 
more efficient in terms of cost.

Why Chickens? Why Vietnam?

By providing a valuable opportunity for poor families 
to improve their own nutrition and to generate a cash 

Avian influenza 
can kill 90 to 100 
percent of an 
infected flock 
within 48 hours
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income, chickens play an important role in economic 
development. In fact, philanthropist Melinda Gates 
writes that “chickens are known in international 
development circles as ‘the ATM of the poor’.” And 
in most developing countries, raising chickens is 
considered women’s work, so small-scale chicken 
producers tend to be women, and the nutrition and 
income provided by chickens goes straight to women 
and their children.

Today, the dramatic growth of urban populations 
in developing countries is creating a huge demand 
for eggs and chicken meat. Much of this demand 
is being met by large farms in the peri-urban areas 
surrounding cities. In Vietnam and other countries 
of Southeast Asia, numerous intensive chicken farms 
have sprung up in these areas, typically raising 2,000–
15,000 birds at a time.

These intensive production units often co-exist 
side by side with traditional backyard chicken farming, 

not to mention other types of agriculture and aqua-
culture mixed in with industrial, commercial, and 
residential use. Does this mixture of land-use types, 
economies, and social organizations raise the poten-
tial for disease transmission? And can research iden-
tify any factors associated with avian influenza 
outbreaks that could help government health depart-
ments fight the disease more effectively?

Vietnam is a particularly appropriate setting for 
a study of avian influenza transmission and land-
use change because: (1) the country is urbanizing 
very rapidly; (2) there is a large and growing poultry 
industry; and (3) detailed data are available on many 
factors associated with land-use change, poultry 
production, and disease outbreaks. The Vietnamese 
government carries out a Rural, Agricultural, and 
Fishery Census every five years that includes informa-
tion on population, household production activities, 
labor and employment, income sources, categories 

Chickens play 
such an important 
role in economic 
development that 
they have been 
called ‘the ATM of 
the poor’

A study of community members in Vietnam who are 

potentially affected by avian influenza in poultry found 

that, overall, the participants were very concerned about 

disease outbreaks, particularly as a threat to household 

income and investment. Many saw modernization as a 

source of disease risk due to environmental pollution 

from poorly managed livestock and household waste. 

They reported, for example, that in crowded areas dead 

chickens are thrown onto the street or into fish ponds.

Some reservations were expressed about the 

effectiveness of vaccinations against avian influenza. 

Participants complained that the vaccines were expensive 

and not necessarily of high quality and that it was difficult 

to select from the numerous brands of vaccine available 

on the market.

Participants mentioned that there was no place to 

dispose of dead animals safely and that they were reluc-

tant to report disease outbreaks because they did not 

want to trigger new culling campaigns. Some mentioned 

that information about avian influenza, including early 

warnings of possible disease outbreaks, could be 

communicated through newspapers and television.

The East-West Center and collaborating institutions 

conducted the study. Small groups of village leaders, 

small-scale farmers, and large-farm operators were 

interviewed separately. They were asked several ques-

tions about their knowledge and experience of avian 

influenza and their understanding of disease risk. In the 

second phase of the study, the groups were also asked 

about their understanding of rural and urban land-use 

systems and the process of urbanization.

The study3 was conducted in two phases—in May 

2010 in four communes of Bac Ninh Province and in July 

2011 in seven communes of Quang Ninh Province, all in 

north Vietnam. Seven of the 11 communes sampled were 

classified as peri-urban.

How Do the People Affected Perceive the Risk of Avian Influenza?
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of land use, and infrastructure, plus detailed econo-
mic data from large farms. The census covers all 
the households that report any farming activity in 
the entire country, including rural, peri-urban, and 
urban areas, and the data are made fully available to 
the public.

This census information can be combined with 
land-use data derived from satellite imagery to build 
up a complete picture of land-use conditions all over 
the country, and this information can be compared 
with information on avian influenza outbreaks, which 

is available from Vietnam’s Department of Animal 
Health. Thus Vietnam provides an excellent opportu-
nity to study the relationship between rapid urbaniza-
tion and the emergence of infectious disease.

Vietnam’s Response to Avian Influenza

Avian influenza first appeared in Southeast Asia in 
2003–2004 and remains endemic in Bangladesh, 
China, Egypt, India, Indonesia, and Vietnam. In 
Vietnam, there have been repeated disease waves and 
smaller outbreaks in poultry since the disease first 

The collaborative research team classfied Vietnam’s 

communes as rural, peri-urban, urban, or urban core 

based on four characteristics:

• Fraction of households whose main income is from 

agriculture, forestry, or aquaculture

• Fraction of land under agriculture, forestry, or 

aquaculture

• Fraction of houses with a modern toilet (pour flush 

or septic)

• A vegetation density index measured from satellite 

images

After the initial classification, data from the Rural, 

Agricultural, and Fishery Census were supplemented 

with walk-through surveys, data on highways—a widely 

used marker of urbanization—from Vietnam’s General 

Statistics Office, and remote-sensing data from satellite 

images. These remote-sensing data measured changes 

in the intensity of night-time lights (another marker of 

urbanization) over an 18-year period from 1992 to 2009. 

In July and August 2012 and again in August 

2013, researchers conducted walk-through surveys in 

49 randomly selected communes and observed such 

features as land-use categories, types of agriculture, 

extent of industrialization, types of houses and other 

buildings, transportation infrastructure, and markets. 

They took 360° panoramic photographs at random 

spots, examined current and historic Google Earth 

images, and interviewed key local authorities and statis-

tical officers. The classification of communes based on 

A Changing Understanding of Land Use

these observations matched the classification based 

on census data for 90 percent of the communes 

visited.

Data on highway density also confirmed the initial 

classification of communes into four categories. And 

satellite imagery showed that communes classified as 

peri-urban had much larger increases in the intensity 

of night-time lights over an 18-year period than either 

rural or urban communes, indicating a rapid pace of 

land-use change.

Out of Vietnam’s 10,820 communes, the study 

classified 1,909 as peri-urban. In the country as 

a whole, 71 percent of communes were rural, 18 

percent were peri-urban, 3 percent were urban, and 

4 percent urban core.4

More than 7 percent of Vietnam’s land area 

was classified as peri-urban, and about 13 percent 

of its population—more than 11 million people—

were found to live in peri-urban areas. Before this 

study, the Vietnamese government had classified 61 

percent of the peri-urban communes as rural and 

39 percent as urban.

The study also showed that not all communes 

classified as peri-urban were located on the peri-

phery of large towns or cities. Some extended along 

the sides of highways, and some were associated 

with zones of intense activity within rural areas, 

such as provincial administration centers, mining 

operations, or dams.

Vietnam provides 
an excellent 
opportu nity to study 
the relationship 
between rapid 
urbaniza tion and 
the emergence of 
infectious disease
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emerged. In addition, a total of 127 human cases 
had been reported, including 64 deaths, although 
no human cases have been reported in Vietnam 
since 2014.5

Beginning in 2005, the Vietnamese govern-
ment carried out mass vaccination campaigns every 
six months, designed to cover domestic chickens 
and ducks in areas that are considered at high risk of 
infection.6 Since 2010, the vaccination program has 
continued on a smaller scale, implemented primarily 
by provincial authorities.

When a disease outbreak occurs, government 
workers cull all domestic poultry on the affected 
farms and vaccinate poultry in neighboring areas. 
This combined approach has been credited with 
reducing the occurrence of avian influenza, but 
government campaigns have not eliminated the 
disease entirely. It is also possible that reported disease 
incidence has gone down simply because farmers 
are hiding their sick birds.

The full annual cost of the current program 
includes twice-yearly vaccination campaigns, emer-
gency culling plus an extra round of vaccination 
in the surrounding area when there is a disease 
outbreak, compensation paid to farmers whose birds 
are culled, and the loss to farmers because the market 
price for poultry is higher than the compensation 
offered. Adding all these costs together, the annual 
cost of the program in the Red River Delta region 
in 2015 was estimated at US$9.7 million.7 This 
program is estimated to have reduced the rate of 
disease occurrence by about 62 percent.

Mapping the Urban Transition In Vietnam

Ecological theories8 and preliminary analysis of 
peri-urbanization and avian influenza risk9 suggested 
that there might be a link between rural-to-urban tran-
sition areas in Vietnam and outbreaks of avian influ-
enza. But where are these areas? Before this study, the 
government classified all land units as either rural or 
urban—there was no category in between.

To explore the possible relationship between 
land-use change and disease risk, research teams 
first needed to identify those areas that were expe-
riencing a process of rural-to-urban transition. This 
first step was possible because the Vietnamese govern-
ment provides data from its national censuses in a 
digital format at multiple scales, covering all 10,820 
communes that comprise the country as a whole. (See 
box “A Changing Understanding of Land Use.”)

The East-West Center analysis began with the 
2006 Vietnam Rural, Agricultural, and Fishery 
Census, which surveyed all households that reported 
any type of farming activity. Among other topics, the 
census asked a wide range of questions on household 
characteristics, farming practices, and household 
infrastructure. After excluding communes in which 
no agricultural activities were reported and communes 
with missing or erroneous data, the analysis covered 92 
percent of all the communes in Vietnam. 

Using census data, the research team classified 
each commune included in the analysis as rural, 
peri-urban, urban, or urban core. The study showed 
that communes classified as peri-urban have much 
in common, including a rapid pace of change. They 
generally face intense pressure on resources, lack 
of adequate services such as water and sanitation, 
degradation of farmland, the potential for slum 
formation, and a high likelihood of interaction 
between humans and domestic animals. They also face 
demands from users with contrasting lifestyles and 
conflicting interests that range from agriculture to resi-
dential, industrial, and commercial. And they are areas 
that are changing very quickly.

Identifying Factors Associated with Avian 
Influenza Risk

Since Vietnam experienced its first outbreak of avian 
influenza in December 2003, there have been five 
waves of the virus and several sporadic outbreaks. 
Collaborative research focused on the first wave that 
occurred between December 2003 and February 

Before this study, 
the government 
classified all 
land units as 
either rural or 
urban—there was 
no category in 
between
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2004 and the second wave that occurred between 
December 2004 and April 2005. During the first 
wave, 21 percent of communes in Vietnam experi-
enced a disease outbreak. During the second wave, 
6 percent of communes experienced an outbreak.10 

Using the classification of the entire country 
into rural, peri-urban, urban, and urban-core 
communes, the research team sought to identify 
which types of community and patterns of land 
use are most strongly associated with outbreaks of 
avian influenza. The analysis was conducted at the 
national level and separately for two regions—the 
Red River Delta and the Mekong River Delta, both 
well-known hot spots for the disease. 

The study found that communes classified as 
peri-urban had about a one and one-half times 
higher risk of experiencing an avian influenza 
outbreak than rural or urban communes (there were 
no outbreaks in urban cores). This elevated level of 
risk was observed at the national and regional levels 
and during both disease waves. But within Vietnam’s 
1,909 peri-urban communes, which specific attri-
butes are associated with disease outbreaks? 

Vietnam’s 1999 Population Census and 2001 
and 2006 Rural, Agricultural, and Fishery Censuses, 
among other sources, provide information for the 
development and testing of models of the emer-
gence of avian influenza based on suspected risk 
factors and combinations of factors that are mainly 
associated with land-use change. The study devel-
oped two types of model11 to predict the prob-
ability of disease occurrence and to determine the 
relative influence of each risk factor. These models 
were chosen to account for the spatial clustering 
of cases. Again, the analysis covered the first and 
second disease waves and the three geographic 
areas (all Vietnam, the Red River Delta, and the 
Mekong Delta), adding up to six “wave-place” 
combinations.

Fourteen variables were found to be signifi-
cantly associated with avian influenza outbreaks in 

at least one wave-place combination. Of these, a 
smaller number were significantly associated with 
disease outbreaks in several of the six combinations. 
These were:
• High land-use diversity
• High population density of chickens
• Diversity in the size of chicken, duck, and 

goose flocks, indicating the presence of small 
backyard production units alongside large 
commercial operations

• Close distance to a national highway, indicating 
the potential for commercial movement of 
poultry 

• High proportion of agricultural land under rice 
or aquaculture, increasing the opportunity for 
virus transmission between wild birds and the 
domestic ducks that are transported between 
ponds and rice paddies

• High Compound Topography Index (CTI), 
which measures the tendency of water to 
pool and serves as a proxy for the extent of 
surface water

• Low annual rainfall
All of these risk factors were widely observed 

in peri-urban areas. When all relevant risk factors 
were taken into account, urbanization per se was 
not significantly associated with a higher inci-
dence of the virus, however. Indeed, the popula-
tion density associated with urbanization is likely 
not a risk factor for disease if infrastructure such 
as housing, water, and health services are adequate. 
This is not the case in many of Vietnam’s peri-
urban areas, however.12

In reality, the process of urbanization entails a 
spatial convergence of several key risk factors for 
avian influenza transmission. These include: land-use 
diversity; high chicken population densities; diversity 
in flock sizes of chickens, ducks, and geese; a large 
fraction of land under rice or aquaculture; and a high 
CTI. It is these characteristics that make peri-urban 
areas likely “hot spots” for disease outbreaks.

The process of 
urbanization 
entails a spatial 
convergence of 
several key risk 
factors for avian 
influenza 
transmission
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Why Is this Work Important?

Highly pathogenic avian influenza (HPAI, subtype 
H5N1) presents a serious economic burden to 
large- and small-scale chicken producers in Vietnam 
and poses a potential threat to human populations. 
The research described here suggests that control 
of avian influenza could be improved by focusing 
prevention efforts on the locations that are most at 
risk of disease. And many of these locations are in 
peri-urban areas.

At present, control of avian influenza is based 
primarily on two rounds of vaccination a year and 
covers all domestic chickens and ducks in large areas 
of the country. The production cycle for commer-
cial chickens grown for meat is only eight weeks, 
however, so most commercial chickens are never 
vaccinated. A more targeted approach, using find-
ings from this study on land-use classification and 
disease risk, would be to vaccinate poultry during 
every production cycle but in high-risk areas only, 
many of which are peri-urban. 

Looking at the Red River Delta, one of the hot 
spots for avian influenza in Vietnam, the rate of 
disease occurrence could be reduced by an esti-
mated 93 percent, compared with a 62-percent 
reduction rate for the current vaccination program.7 

And taking account of the full range of disease-
control costs—which include the cost of the regular 
government vaccination program plus, in cases of 
disease occurrence, the costs of emergency vaccina-
tion rounds and culling, government compensation 
to farmers, and farmer’s losses due to market price 
differences—the cost of controlling avian influenza 
in the Red River Delta could potentially be reduced 
from US$9.70 million to US$6.92 million a year.

More widely, a better description of the rural-
to-urban transition, including the classification of 
peri-urban areas, may help explain the epidemiology 
of other infectious disease, both in humans and 
livestock. In Asia, for example, Japanese encephalitis 
and Korean hemorrhagic fever may show a strong 
association with peri-urbanization.

Avian influenza 
could be improved 
by focusing 
prevention efforts 
on the locations 
that are most at 
risk of disease
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