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Background Dehong Prefecture in Yunnan Province, China, borders Myanmar.
Its proximity to the ‘Golden Triangle’, one of the world’s largest
illicit drug production and distribution centre, contributes to drug
trafficking and ready availability of heroin. Dehong’s 1.1 million
people confront a serious HIV problem fuelled by injection drug use.
The aim of this study is to improve the 2005 estimates of the true
status of the HIV/AIDS epidemic in Dehong Prefecture.

Methods We estimated the HIV prevalence by synthesizing the results from
several data sources (HIV/AIDS case reports, surveys, surveillance
activities and epidemiological studies). We applied three different
statistical procedures for estimations: (i) The Workbook method,
adapted to meet the estimation needs in Dehong Prefecture; (ii) An
estimate based on antenatal clinical data; and (iii) a dynamic model
based on the local epidemic pattern.

Results We estimated that the population prevalence for HIV infections in
Dehong Prefecture is 1.3% (likely range from low/high of three
estimates: 0.9–1.7%) such that 13 500 people were living with HIV/
AIDS in Dehong Prefecture (likely range: 8200–18 300) in 2005.
Infections remain concentrated among injection drug users, female
sex workers and their clients with an uneven geographical distri-
bution of estimated cases.

Conclusion More reliable estimates of HIV prevalence can be made by synthe-
sizing multiple data sources using several procedures. Current HIV
prevention, care and treatment challenges are judged substantial in
Dehong Prefecture, regardless of what modelling strategy is used.
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The first large outbreak of HIV in China was iden-
tified in 1989 among injection drug users (IDUs) in
Dehong Prefecture, Yunnan Province on the Myanmar
(Burma) border (Figure 1) in southwest China.1 The
specific HIV subtypes first seen in Dehong spread
along drug trafficking routes to IDUs in nearby
cities2,3 and further afield, including Sichuan Province
and Xinjiang Autonomous Region in northwest
China.4,5 The HIV epidemic in Dehong continues to
be one of the worst in China with 10 043 cumulative
reported HIV/AIDS cases (including deceased persons)
reported by the end of 2005 in a population of just
1.1 million persons living in an area of 11 526 km2

(smaller than the US state of CT). Dehong’s proximity
to one of the world’s largest illicit drug production
and distribution centres, the ‘Golden Triangle’, con-
tributes to drug trafficking and availability of heroin
(Figure 1).4,5

HIV sentinel surveillance, in place in Dehong Pre-
fecture since 1992, has recorded a disturbing rise in
HIV rates among both at-risk and general popula-
tions, including IDUs, sexually transmitted disease
(STD) clinic visitors, pregnant women attending
antenatal clinics (ANCs) and hospital patients.4,6

Since 2004, HIV surveillance has been greatly aug-
mented. Expanded screening for HIV has been
conducted in Dehong’s cities (Ruili and Luxi) and
counties (Longchuan, Yingjiang and Lianghe).6 IDUs,
female sex workers (FSWs), and male clients of FSWs
(as identified by STD clinic surveys) are the notable
at-risk subgroups.4,6 Unprotected male homosexual

activity and unsafe blood collection practices have
not contributed substantially to HIV transmission in
Dehong, unlike patterns seen in central or eastern
China. Better estimates of the true status of the HIV/
AIDS epidemic among different populations can help
guide interventions and may serve as a model for
improving estimates elsewhere in China. We evalu-
ated critically the quality and generalizability of data
from a variety of sources and synthesized a new 2005
prevalence estimate using three different estimation
procedures, including workbook-, ANC- and dynamic
model-based estimates.

Methods
We applied three procedures to estimate the HIV
prevalence for Dehong Prefecture, using different data
sources from surveillance, community-based surveys,
epidemiological studies and population census data.

Workbook-based estimates
The Workbook method is a WHO and UNAIDS-
recommended model in wide use (described in detail
elsewhere).7 For the workbook-based estimates, we
used data from the general population (without
known risk behaviours) and from at-risk groups,
including IDUs, FSWs and their clients. We disag-
gregated data by urban and rural residence. By
applying HIV prevalence among pregnant women
from community-based surveys and epidemiological
studies, we estimated HIV infection rates in general
population. However, the community-based surveys
recruiting from the general population often include
some high risk men and women as a subset. For the
general population, we adjusted downward the pre-
valence estimate to reflect the fact that a larger
proportion of recognized infections are from high risk
groups, i.e. IDUs, FSWs and clients of FSWs had
higher estimated rates and other people had lower
rates. The magnitude of downward adjustment was
calculated from estimates of the numbers of and HIV
prevalence in higher risk groups comparing to those
of the general male and female population. The
purpose of the adjustments is to remove the dis-
proportionate impact of high risk males and females
on the data collected among the general populations.
Data from the surveillance system, community-based
surveys, estimated sizes of each at-risk group and key
epidemiological studies contributed to the adjust-
ment; we also consulted the local surveillance experts
who best understand the quality of these data and
guided us in avoiding use of unvalidated or otherwise
spurious data. Specific community-based surveys
were conducted to assess the size of at-risk groups,
including IDUs, FSWs and their clients (Dehong
Prefecture Center for Disease Control and
Prevention, unpublished data).6,8 When the ‘work-
books’ of two cities and three counties were

Figure 1 The geographic location of Dehong Prefecture and
the distribution of the estimated number of people living
with HIV/AIDS by county or city in Dehong Prefecture
(B, one dot equals to two HIV/AIDS cases). Dehong
Prefecture borders Myanmar on three sides with a �500 km
border, is situated in the western part of Yunnan Province
(A and C). The prefecture has two cities (Ruili City and
Luxi City) and three counties (Longchuan County, Yingjiang
County and Lianghe County) with 1.1 million persons living
in an area of 11 526 km2 (4450 square miles, approximately
the size of Jamaica, or the US state of CT). Dehong is
an ethnically diverse region with five major distinct
ethno-cultural groups
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completed, an overall Workbook for Dehong
Prefecture was developed to aggregate results into
an overall estimate.

Seven sentinel surveillance sites (including four for
drug detention centres, one hospital and two STD
clinics), 16 community-based surveys and 15 pub-
lished or unpublished (but good quality) epidemiolo-
gical studies contributed to the estimates.1,4–6,9–12 Six
surveys and epidemiological studies with poor meth-
odology were excluded, e.g. studies with unclear
methods, an inadequate description of the population,
case report data without adjustments and biased
samples within a given group. The 2005 population
census data were obtained from the Dehong
Prefecture Statistical Bureau.

ANC-based estimates
ANC-based estimates used the HIV prevalence data
from five ANC sentinel surveillance sites located in a
town for each city or county and five community-
based surveys among the pregnant women for the
rural areas of each city or county conducted in 2005.
All of these data are fully distinct from data used
in both the workbook- and dynamic model-based
estimates. Random sampling strategies were used
in the community-based surveys, where data were
supplemented with other surveillance data and epi-
demiological studies.4,6,13 Data from ANC sentinel
surveillance sites and community-based surveys were
classified into urban and rural areas in each city
or county. The female population ages 15–49 years
was divided by urban and rural areas in each city
or county, based on population census estimates
from 2005.

We assumed that the HIV prevalence from pregnant
women attending ANCs and community-based sur-
veys were representative for all women ages 15–49
years. We made this assumption based upon the
agreements of the HIV prevalence rates: (i) between
the pregnant women attending ANCs and general
population women from community-based surveys
conducted in the same areas in each town for each
city or county; and (ii) between pregnant women
from the town and rural general populations for each
city or county. We approximated the number of HIV
infections among the general population of women
ages 15–49 years by multiplying the HIV prevalence
among pregnant women by the total number of
women ages 15–49 years from population census data
stratified by town and rural. We calculated HIV
prevalence in the general population of women ages
15–49 years for Dehong by averaging the town and
rural estimates weighted with the size of the popu-
lation for each city or county. We applied the
expression for the variance of the sum to calculate
the 95% CIs for the HIV prevalence in the general
population of women ages 15–49 years.14 Finally, we
approximated the number of infected men (15–49
years) in the general population by multiplying the

calculated number of infected women by the most
recent male-to-female ratio from the case reporting
system.15–17

Dynamic model-based estimates
The dynamic model was constructed to incorporate
two key modes of HIV transmission—needle sharing
among IDUs and unprotected sex among FSWs and
their clients, basing on the specific epidemic pattern
of HIV/AIDS in Dehong (details described else-
where).18 This model does not take account trans-
mission of HIV through unsafe blood collection,
through non-commercial sex and between homosex-
uals, as all three modes of transmission are thought
to be comparatively rare in this particular region of
China. The model was designed to reproduce 16 years
of HIV epidemic dynamics in Dehong with high
fidelity. Six sub-epidemics were modelled among
male IDUs, female IDUs, FSWs, clients of FSWs, the
general male population and the general female
population. IDUs are regarded as risky if they share
a needle for injection drug and safe if they never do
so (the latter is a small minority of IDUs). Similarly,
FSWs and their clients are regarded as risky if they do
not use a condom during sex (unprotected sex) and
safe if they always use condoms (again, the latter use
pattern is rare). It is likely that HIV started spreading
among IDUs and, later, from IDUs to FSWs and their
clients; high risk IDUs serve as a bridging population
to heterosexuals through sex with FSWs, who, in
turn, infect their clients (who may be IDUs).

Individuals can go through three states: S (suscep-
tible), I (HIV-positive but without AIDS) and A
(AIDS). State I is defined as the time since infection
by HIV; the incubation period from HIV to AIDS
is given by a Weibull probability distribution. We
assume that the individuals in state A will not have
infectious contacts with others, a conservative assump-
tion since a subset certainly are at risk of spreading to
others. The susceptible people inflow at a certain rate,
individuals quit the population by ‘natural’ death, by
AIDS-related death or because of a constant ‘aging’
outflow. Transmission of HIV is assumed to occur only
through random contacts. We assume that IDUs
continue to inject drugs all their lives and that they
stay either risky (sharing a needle) or safe (never
sharing a needle). Young women can enter the model
directly through the at-risk groups of FSWs. If they are
not also IDUs, FSWs may stop selling sex after an
average of 1 month of FSW activity. However, we
assume that FSWs who are also IDUs will not stop
selling sex since they need money to support their
addictions. We assume that men who have become
clients continue to visit FSWs only until they quit the
population under consideration because of aging.

The variables are as follows:
S(t) is the number of susceptible people at time t,
I(t) is the number of people who have been infected

by HIV at time t, but without AIDS,
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A(t) is the number of people with AIDS at time t,
b is the inflow rate of young people into the

population or from one group to another group per
month,
� is the probability of susceptible people being

infected by HIV per month,
a is the rate at which people having been infected

by HIV develop AIDS per month,
g is the death rate of people with AIDS,
d1 is the outflow rate of susceptible people who quit

the population by ‘natural’ death, go from a high risk
to a low risk group, or ‘aging’ outflow (465 years of
age is considered at time of no further risk for the
model),

d2 is the outflow rate of HIV-infected people through
‘natural’ death, from one group to another group, or
because of a constant ‘aging’ (465 years of age)
outflow.

The dynamic model is

dS tð Þ

dt
¼ b� �S tð Þ � d1S tð Þ;

dI tð Þ

dt
¼ �S tð Þ � �I tð Þ � d2I tð Þ;

dA tð Þ

dt
¼ �I tð Þ � �A tð Þ

The probabilities of different subgroups being infected
by HIV are different. For IDUs, the probability being
infected through shared needles is �IDU ¼ 1�
ð1� ��t�Þ

NIDU ; for FSWs and their clients, the prob-
ability being infected by HIV through unprotected sex
is �SEX ¼ 1� ð1� ð1� rcÞ

P
��t	Þ

NSEX ; the probability
for IDUs through both unprotected sex and shared
needles is �ðIDUþSEXÞ ¼ 1� ð1� �IDUÞð1� �SEXÞ ¼

�IDU þ �SEX � �IDU�SEX.
� is the needle sharing rate (a number of times per

month) among IDUs,
�t is the prevalence of HIV among IDUs at time t,
� is the transmission probability of HIV per shared

needle,
NIDU is frequency of injection among IDUs per

month,
rc is the probability that a condom is used per

sex act,
vt is the prevalence of HIV infections among sex

partners at time t,
	 is the transmission probability of HIV from male

to female or from female to male per sex act if no
condom is used,
� is the ‘pattern of sexual mixing’, the probability of

male–female sex contact between the subgroups,
NSEX is the frequency of sex act per month.
The modelled epidemic curves were produced

separately for different populations and were then
combined to produce a single epidemic curve in order
to estimate the HIV prevalence for the entire
prefecture and to project its trends over time. The
point estimates, with the ranges of uncertainty, were
generated by the calculated estimate of this model for
2005. We used data sources including: (i) demo-
graphic data, including the size of at-risk population,

the mortality rates for male IDUs, female IDUs,
FSWs and their clients, the male general population,
the female general population and HIV/AIDS patients;
(ii) behavioural data, including drug use, needle
sharing, sexual activity and condom use, from surveys
of general and at-risk populations; and (iii) biological
data, including HIV and STD surveillance data and
epidemiological data.1,4–6,9–12,19,20

Adjustments for the populations not
covered by three estimates
We extended the workbook- and ANC-based methods
to all age-groups by adding the approximate number
of HIV infections for persons ages 0–14 years and
550 years to the estimate in the adult population
15–49 years. Because dynamic model-based estimates
covered the 15- to 64-year old population, the adjust-
ment for that model was made by adding the approxi-
mated number of HIV infections only for the persons
at ages 0–14 years.

The infected people at ages 0–14 years were
estimated using the following ‘birth-death probability
method’:

N ¼
X14

i¼0

Mi � Bi � Pi � 1� IMRið Þ � Si½ � � C

N is the number of HIV-infected people at ages 0–14
years in Dehong,

i stands for each single-year age-group between 0
and 14 years,

Mi is the estimated number of HIV-infected 15- to
49-year old women from 1991 to 2005,

Bi is the birth rate (17.33 per thousand in 2005 as
per the Dehong Statistical Bureau),

Pi is the probability of transmission from infected
mother to infant without intervention, 25% was
used,21 since women who discover that they are
HIV-infected rarely breastfeed their children; HIV
screening and antiretroviral treatment to prevent
mother to infant transmission have been imple-
mented in Dehong, therefore, we assume that any
infections in that group occurred perinatally and not
through breastfeeding22,

IMRi is the infant mortality rate in the general
population (32 per thousand was used as per the
Dehong Statistical Bureau),

Si is the survival rate of each single-year age-group
from 0 to 14 years living with HIV/AIDS and equals 1
death rate of each single-year age-group from 0 to
14 years,

C is the number of infants protected from mother-
to-child transmission, estimated from AIDS surveil-
lance data in Dehong Center for Disease Control and
Prevention.

The number of HIV-infected people at ages 50 years
or older was not estimated by workbook- and ANC-
based estimates. We used the case report proportion
method,23 calculating the proportion of reported HIV/
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AIDS cases at ages 50 years or older vs the number of
reported HIV/AIDS cases at ages 15–49 years to judge
a likely range of infected persons 550 years of age.

Results
Using three different statistical procedures and differ-
ent data sources, we estimated that the prevalence
of people living with HIV/AIDS in Dehong was 1.3%
(likely range: 0.8–1.7%) such that 13 500 people

were living with HIV/AIDS in Dehong (likely range:
8100–18 500) in 2005 (Tables 1–3). The geographical
distribution of estimated cases was uneven within
counties and cities in the Prefecture (Tables 2–4 and
Figure 1) as indicated in the workbook- and ANC-
based estimates. The overall prevalence rates of people
living with HIV/AIDS varied from a low of 0.3% in
Lianghe to 2.0% in Ruili (Table 2).

IDU continues to be the main route of HIV trans-
mission in Dehong in 2005. The size of the IDU

Table 1 Estimates of prevalence for HIV/AIDS, by data source and sex, Dehong Prefecture, Yunnan Province in 2005

Estimated number of people
living with HIV/AIDS
(range and mid-point)

Estimated number
of people living with

HIV/AIDS (range and
mid-point)

Estimated prevalence
for HIV/AIDS (%)

(range and mid-point)Data sources Male Female

Workbook-based
estimate

7600–14 600 (11 100) 2000–3500 (2700) 9600–18 000 (13 800) 0.9–1.7 (1.3%)

Antenatal clinic-based
estimate

6500–14 900 (10 700) 1600–3700 (2600) 8100–18 500 (13 300) 0.8–1.7 (1.3%)

Dynamic model-based
estimate

8700–13 000 (10 900) 1900–2900 (2400) 10 600–15 900 (13 300) 1.0–1.5 (1.3%)

All estimates for males, females and totals are rounded to the nearest 100.

Table 2 Workbook-based estimates of HIV/AIDS prevalence by sex and county or city, Dehong Prefecture,
Yunnan Province in 2005

Estimated number of people living with
HIV/AIDS (range and mid-point)a Estimated prevalence

for HIV/AIDS (%)
(range and mid-point)bCity or county Male Female Total

Ruili City 1200–2300 (1700) 600–800 (700) 1800–3100 (2400) 1.5–2.6 (2.0%)

Luxi City 1600–3000 (2300) 600–1000 (800) 2200–3900 (3000) 0.6–1.1 (0.9%)

Longchuan County 2000–4400 (3300) 300–600 (500) 2300–5200 (3700) 1.4–3.0 (2.1%)

Yingjiang County 2500–4100 (3300) 500–900 (700) 3000–5000 (4000) 1.1–1.8 (1.4%)

Lianghe County 200–700 (500) 100–200 (200) 300–900 (600) 0.2–0.4 (0.3%)

Total 7600–14 600 (11 100) 2000–3500 (2700) 9600–18 000 (13 800) 0.9–1.7 (1.3%)

aThe estimated number of persons living with HIV/AIDS with plausible bounds and the mid-point, is rounded to the nearest 100.
bThe estimated HIV prevalence with plausible bounds.

Table 3 Antenatal clinic data-based estimates of HIV/AIDS prevalence by sex and county or city, Dehong Prefecture,
Yunnan Province in 2005

Estimated number of people living with
HIV/AIDS (range and mid-point)a

HIV prevalence (%)
(range and mid-point)bCity or county Male Female Total

Ruili City 1100–2500 (1800) 400–1000 (700) 1500–3500 (2500) 1.3–3.0 (2.2%)

Luxi City 1500–3500 (2500) 400–900 (600) 1900–4400 (3200) 0.6–1.3 (0.9%)

Longchuan County 1600–3800 (2700) 300–700 (500) 2000–4400 (3200) 1.1–2.6 (1.8%)

Yingjiang County 2000–4500 (3200) 400–900 (600) 2300–5300 (3800) 0.9–2.0 (1.4%)

Lianghe County 300–600 (400) 100–300 (200) 400–900 (600) 0.2–0.5 (0.4%)

Total 6500–14 900 (10 700) 1600–3700 (2600) 8100–18 500 (13 300) 0.8–1.7 (1.3%)

aThe estimated number of persons living with HIV/AIDS with plausible bounds and the mid-point, is rounded to the nearest 100.
bThe estimated HIV prevalence with plausible bounds.
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population was estimated at 15 000 people
(Tables 4–6). Both workbook- and dynamic model-
based estimates suggest that more than half of IDUs
were infected with HIV in Dehong Prefecture
(Tables 4–6). The estimated HIV prevalence rates for
IDUs varied from a low of 31.6% in Lianghe to 59.7%
in Longchuan according to the workbook-based
estimates (Table 4). There were approximately 8000
IDUs living with HIV/AIDS, accounting for nearly
two-thirds of the total number of estimated HIV cases
in Dehong (Tables 5 and 6).

Based on the workbook-based estimates, the sizes of
population subgroups were estimated at 2200 people
for FSWs and 22 300 for their clients (Table 5). The
HIV prevalence rate among FSWs was estimated to be
4.8% and for their clients was estimated to be 3.4%.
In 2005, an estimated 100 FSWs and 800 clients of
FSWs were living with HIV/AIDS, accounting for 0.9%
and 5.8% of the total number of estimated HIV/AIDS
cases, respectively. Similar estimates were obtained
from the dynamic model-based estimates (Table 6).

HIV prevalence varied among pregnant women in
different venues, ranging from a low of 0.2% in
Lianghe to 1.6% in Ruili (Table 7). The HIV prevalence
rates were similar between town and rural pregnant
women within a given county or city though town
rates in Yingjiang were slightly higher than those in
the rural areas. Prevalence rates were also similar
between pregnant women from ANCs and commu-
nity-based surveys conducted in the same areas.

Based on the age distribution of reported HIV/
AIDS cases, the number of HIV-infected people ages
50 years or older was estimated at 450–860 people
from the workbook-based method and 390–870
people from the ANC-based estimate, representing
about 4% of all persons living with HIV/AIDS. Using
the birth-death probability method, the number of
HIV-infected persons ages 0–14 years was estimated
to be 110–210 people, about 1% of all persons living
with HIV/AIDS.

Discussion
We sought to improve HIV estimates in Dehong
Prefecture in Yunnan Province, China, by synthesizing
the results from several different data sources and
three different statistical procedures. This effort is
timely, given the increase in the availability of high-
quality data from multiple sources (surveillance
system, community-based surveys and epidemiologi-
cal studies) since 2004. Compared with the overall
low HIV prevalence for the entire nation, our esti-
mates of the population prevalence for HIV infections
in Dehong at 1.3% suggest that the HIV epidemic in
Dehong continues to be one of China’s most severely
affected locales.23 IDUs represent nearly two-thirds of
persons living with HIV/AIDS in Dehong and continue
to be an epidemic ‘core transmitter’ group. FSWs and
their clients living with HIV/AIDS may account for 6%T
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of infections. There were significant geographic varia-
tions in HIV prevalence among IDUs, FSWs and their
clients and pregnant women. HIV prevalence already
exceeds 1% among pregnant women in both town
and rural areas of Ruili and in the town of Yingjiang.

The availability of high-quality data is the essen-
tial element for obtaining reliable estimates.

Prevalence estimates are more valid from an inten-
sively studied region like Dehong. We have sought to
understand and minimize potential errors or bias for
each dataset and to validate its representativeness,
but uncertainties still remain. For example, the
community-based surveys potentially excluding parti-
cipants with high risk behaviour could lead to an

Table 5 Workbook-based estimates of HIV/AIDS prevalence by subgroups in Dehong Prefecture, Yunnan Province in 2005

Population size estimates
(range and mid-point)a

Estimated number living
with HIV/AIDS

(range and mid-point)a

Estimated prevalence
for HIV/AIDS

(range and mid-point)a

IDUs 13 100–16 200 (14 700) 6100–9900 (8000) 41.5–61.1 (54.4%)

FSW 1800–2700 (2200) 100–200 (100) 3.9–5.7 (4.8%)

Clients of FSWs 17 800–26 800 (22 300) 500–1200 (800) 2.5–4.2 (3.4%)

Remaining population 1 022 300–1 035 200 (1 028 800) 3000–6800 (4800) 0.4–0.8 (0.5%)

Total 1 068 000b 9600–18 100 (13 800) 0.9–1.7 (1.3%)

aThe estimates of the population size and the estimated number of persons living with HIV/AIDS with plausible bounds and the
mid-point are rounded to the nearest 100.
bPopulation census data were collected from the Dehong Prefecture Statistical Bureau. The populations are rounded to the
nearest 1000.

Table 6 Dynamic model-based estimates of HIV/AIDS prevalence by subgroups in Dehong Prefecture, Yunnan Province
in 2005

Population size estimates
(range, mid-point)a

Estimated number living
with HIV/AIDS

(range, mid-point)a

Estimated prevalence
for HIV/AIDS

(range, mid-point)a

IDUs 12 200–18 400 (15 300) 5500–10 200 (7800) 35.9–66.7 (51.3%)

FSW 2100–3100 (2600) 90–170 (100) 3.6–6.7 (5.1%)

Clients of FSWs 20 700–31 000 (25 900) 600–1100 (900) 2.3–4.3 (3.3%)

Remaining population 1 015 300–1 032 800 (1 024 000) 3200–5900 (4500) 0.3–0.6 (0.4%)

Total 1 068 000b 9300–17 400 (13 300) 0.9–1.6 (1.3%)

aThe estimates of the population size and the estimated number of persons living with HIV/AIDS with plausible bounds and the
mid-point are rounded to the nearest 100.
bPopulation census data were collected from the Dehong Prefecture Statistical Bureau. The populations are rounded to the
nearest 1000.

Table 7 Comparison of HIV prevalence rates among pregnant women between town and rural areas, Dehong Prefecture,
Yunnan Province 2005a

Townb Ruralc

City or county
No. of

participants
HIV

prevalence (%)
No. of

participants
HIV

prevalence (%) P-valued

Ruili City 1973 1.5 797 2.3 0.2

Luxi City 3040 0.6 2505 0.6 1.0

Longchuan County 1176 0.6 1120 0.9 0.3

Yingjiang County 1089 1.1 1305 0.8 0.2

Lianghe County 1542 0.2 391 0.3 0.7

aHIV infection determined by the enzyme immunoassay (Kinghawk HIV–1/2 antibody assay) and confirmed with western blot.
bANC sentinel surveillance data from each town of the two cities and three counties.
cCommunity-based surveys among the pregnant women for the rural areas of each city and county conducted in 2005,
random sampling strategy was applied.
dChi-square test was applied to compare the HIV prevalence between town and rural of each city and county.
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underestimate of HIV prevalence due to the non-
responses and refusals to participate; persons who
refuse to participate may be at higher risk than more
cooperative persons, in our experience.

Each of the three estimates applied in the study has
its strengths and limitations. The Workbook method
gives a robust point prevalence estimate for persons
currently living with HIV/AIDS. This method pro-
vides detailed transparency in the modelling process,
an automatic consistency and audit check to help
eliminate calculation errors, the use of subregional
spreadsheets to make estimates for different regions,
an emphasis on range estimates rather than a single
point estimate and flexibility for adapting specific
regional assumptions.

ANC sentinel surveillance provides a good approx-
imation of HIV prevalence among adult women aged
15–49 years in the local community,24–26 as confirmed
by our study’s other estimates. The prevalence
estimates among the pregnant women from ANCs
and general women from community-based surveys
conducted in the same areas of each town of all cities
and counties were similar; moreover, the HIV
prevalence rates are more similar between town and
rural pregnant women than reported from other parts
of the world such as sub-Saharan Africa (data not
shown). Although we recognize that demographics of
current AIDS cases may differ from current pre-AIDS
HIV cases given the decade-long incubation period in
the pre-treatment era, we believe that the male-to-
female ratio among the persons currently living with
HIV/AIDS from case reporting system was reasonably
representative of the ratio among people living with
HIV/AIDS from general population, as was the case in
estimates of HIV prevalence in the United States in
the 1990s.16 More widespread routine testing in ANCs
began in 2005 in Dehong, and there was also an
expansion of overall voluntary counselling and testing
in that year. Of 10 043 cumulative reported HIV/AIDS
cases by the end of 2005, 7883 were still living with
HIV/AIDS representing about 60% of the estimated
number of actual HIV/AIDS cases.

While serial surveys of HIV prevalence in ANCs
are a simple and inexpensive way to monitor the
course of the epidemic, they may contain biases that
would either overestimate or underestimate the
prevalence in the general population.24–28 New data
from population-based surveys on rural populations in
Africa revealed that HIV prevalence rates were
actually lower than estimated previously, with rural
prevalence about 30% lower than urban prevalence. In
previous estimations, African rural populations were
assumed to be only a 20% lower prevalence than
urban populations, thereby overestimating the mag-
nitude of the epidemic.29 The availability of commu-
nity-based data on rural populations in Dehong
Prefecture helps us to avoid this modelling error.

The dynamic model enables us to assess interrela-
tionships between the different at-risk subgroups

(male IDUs, female IDUs, FSWs, clients of FSWs,
the general male population and the general female
population).18 However, the workbook- and the ANC-
based estimates do not consider interactions in
subpopulations. The dynamic model-based estimates
were established at the prefectural level, while the
workbook- and ANC-based estimates were developed
at a smaller county/city level (Tables 2 and 3). Both
workbook- and dynamic model-based estimates can
present clearer picture of subgroup dynamics
(Table 4–6), but the ANC-based estimates could not
examine the details in subgroups.

The estimates were based on a variety of data with
different levels of quality. Each data collection
method had its strengths and weaknesses. Any esti-
mates from one method alone is subject to substantial
uncertainty and potential bias depending upon the
assumptions on which the tool/method is based.
Therefore, reliable estimates of HIV prevalence are
best made by critically synthesizing estimates from
several procedures and by a comprehensive evaluation
of relevant data.15,16 As part of an ongoing process of
improving and developing an appropriate range for
estimates, improved methods, enhanced data and new
estimation tools are enabling a better understanding
of the degrees of uncertainty and bias that surround
HIV/AIDS estimates in China, vital for local HIV/AIDS
planning and programming. Our findings from three
key estimation procedures emphasized the importance
of prevention programmes that will reduce needle
sharing and unprotected sex by FSWs and their
clients, reminiscent of circumstances in the South
Bronx in New York City.30 Our estimates also help
plan for the magnitude of the care and treatment
programme needed for the people living with HIV/
AIDS in Dehong Prefecture of Yunnan Province, given
that over 1% of the total population is infected.
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