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Abstract
Objective-To define the geographical distribution
of HIV infection and the community characteristics
associated with HIV prevalence in a rural population
of Uganda.
Design - Seroprevalence survey and interviews of
the population aged 13 years and older in 21 randomly
selected clusters.
Setting-Rural population of Rakai district,
south west Uganda.
Subjects- 1292 adults, of whom 594 men and 698
women gave a blood sample and answered the
questionnaire.
Main outcome measures-HIV status determined
by ELISA and western blotting in relation to
community characteristics.
Results-The weighted seroprevalence of HIV for
the district was 12*6% with prevalence by cluster
varying from 1-2% to 52-8%. Seroprevalence was
highest in main road trading centres (men 26%,
women 47%), intermediate in rural trading villages
on secondary roads (men 22%, women 29%), and
lowest in rural agricultural villages (men 8%, women
9%). For both men and women, multiple regression
showed a strong negative association between cluster
seroprevalence and the proportion of the population
employed in agriculture (j3= -0-677 for men, -0-807
for women). Among women, cluster seroprevalence
increased with a higher proportion of the population
reporting multiple sex partners (13=0-814), external
travel (13=0-579), and injections (1=0.483).
Conclusions-Community characteristics, particularly the proportion of the population in
agriculture, are associated with HIV prevalence and
can be used for targeting interventions. The seroprevalences of HIV suggest spread of infection from
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main road trading centres, through intermediate
trading villages, to rural agricultural villages.

Introduction
Despite reports of high rates of HIV infection from
clinical and urban settings in Africa'`6 data on rural
populations are still scarce. Limited information
suggests that HIV infection is spreading rapidly outside
urban centres in some east and central African
countries.78 As about 70% of the sub-Saharan African
population does not live in cities, it is critical to
understand the dynamics of the HIV epidemic in rural
areas. Trading villages along main roads represent one
obvious reservoir of infection outside the main urban
areas; their importance as focuses of infection, related
in part to commercial sex between local women and
long distance truck drivers, has been reported in
Uganda.9 "' However, the spread of HIV from these
centres and the distribution of infection within agricultural areas have not been adequately defined. We
attempted to define the spread of HIV in Rakai
district, south western Uganda, where a random sample
of residents have been enrolled in a longitudinal
cohort study of HIV-I transmission and prevention.

Subjects and methods
SAMPLING

Rakai district has a population of 350 000, is about
two hours by road from Kampala, and borders on
northern Tanzania. Although Rakai is primarily rural,
it is traversed by major roads that carry traffic from
Tanzania, Rwanda, Kenya, and Lake Victoria (figure).
The district contains 780 level one resistance committees, which are the smallest administrative units in
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communications and transport networks. They contain
a limited number of small shops and bars which sell
local unbottled beer but do not have any hotels and no
recognised commercial sex workers or bar girls. On the
basis of these observations and to further clarify
the relation between geography, community characteristics, and seroprevalence of HIV we constructed a
three stratum classification. Among the 21 clusters in
the study, we classified six as main road trading
centres, nine as rural agricultural villages, and six rural
trading villages. The classification was based on a
priori community characteristics and not on population
seroprevalences.
STATISTICAL METHODS

Maps (left) of Uganda showing Rakai district and (right) of Rakai district showing geographical
distribution ofclusters and prevalence ofHIV-I infections in each cluster

Uganda, each having about 100 households. Twenty
one resistance committees were randomly selected for
the study: as there are fewer trading centres than rural
villages in Rakai, we proportionately oversampled the
resistance committees in trading centres to ensure
adequate representation of these potentially high
prevalence communities.
In second stage sampling, one index household was
identified at random in each selected resistance
committee and this household plus 39 contiguous
households were then enrolled into the study, giving a
total of 840 households. A enumeration team listed all
people resident in the household for at least three
months of the year, regardless of whether they were
present at the time of the visit (de jure population).
Reasons for absence were recorded.
DATA COLLECTION

We then conducted a serological, knowledge, and
behavioural survey of all people aged 13 years or older.
After obtaining written informed consent we collected
information on sociodemographic characteristics,
sexual behaviour, and past and current symptoms
suggestive of sexually transmitted disease (including
genital ulceration and discharge) or HIV related
illness. When an eligible subject was absent at the time
of the survey two repeat visits were conducted over the
course of two days.
Whole blood specimens taken by venepuncture were
spun in a portable centrifuge, and the separated serum
was frozen in liquid nitrogen (-218°C). Samples were
stored in liquid nitrogen for an average of seven days.
They were subsequently taken to the Uganda Virus
Research Institute in Entebbe, a World Health Organisation HIV reference laboratory, for storage at -20°C.
Testing for HIV-I was conducted by senior technicians
at the institute. Initial screening was carried out with a
commercial enzyme linked immunosorbent assay
(ELISA; Recombigen EIA, Cambridge Biosciences,
United States). All samples testing positive and
200 randomly selected samples testing negative were
analysed by a commercial western blot kit (Biorad,
United States) to confirm the results. Specificity of the
ELISA was determined to be 93-3% and sensitivity
98 8%.
STRATIFICATION OF CLUSTERS

Field observations and analysis of cluster characteristics suggested that there are three types of
communities in Rakai: main road trading centres with
shops, bars, and hotels that serve domestic and international traffic; rural agricultural villages; and a third
intermediate group of rural trading villages. Trading
villages are situated 2-10km from main roads and
receive no international traffic but are hubs for local
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Simple and multiple regression was used to identify
associations between the cluster or stratum prevalence
of HIV infection and the sociodemographic and
behavioural characteristics of the cluster or stratum
populations. " Confidence intervals for weighted
population estimates were adjusted for design effects
resulting from cluster sampling and intrahousehold
aggregation. 12
Results
In the enumerated population 1927 people were
aged 13 and older; this group was considered adult for
study purposes. Of the adults, 1510 (78-4%) were
present at the time of the survey. The most common
reasons for absence were work away from home (235
(56%) of those absent) and visits away from the village
(130 (3 1%)). Absence due to illness accounted for only
seven cases (2%). Among the adults present, 85.6%
(1292) answered the questionnaire and provided a
blood sample.
Out of 1292 adult serum samples, 255 (19-7%) tested
HIV-I positive on ELISA and by western blotting. The
prevalence of HIV among the 594 men was 14-8% and
among the 698 women 23-9%. We extrapolated HIV
prevalences from our sample clusters to estimate the
weighted seroprevalence for Rakai district. Based on
our data 12-6% (95% confidence interval 8-7% to
16-5%; design effect 3 5) of adults in Rakai are positive
for HIV antibodies.
The distribution of HIV infection by cluster varied
from 1-2% to 52 8% (figure). Simple linear regression
indicated that several community characteristics were
significantly associated with HIV seroprevalence in the
clusters. Stepwise multiple regression was used to
determine which community characteristics were most
strongly predictive of cluster seroprevalence (table I).
For men the only significant variable was the percentage of the cluster population who did agricultural
work, which was associated with decreased seroprevalence. For women the significant variables were
the proportions of the cluster population employed in
agricultural jobs (associated with lower seroprevalence)
and the proportions reporting two or more sex partners
in the past five years, having travelled to Kampala or
foreign countries, and reporting injections in the past
year (associated with higher seroprevalence).
We also examined HIV seroprevalence patterns
using the three stratum classification for the type of
cluster discussed earlier. Table II gives the sociodemographic and risk factor characteristics in the three
strata. In addition to obvious differences, such as the
presence or absence of hotels and bars and distance
from main roads, there were other important socioeconomic differences among the strata. A substantial
proportion of the population in the main road trading
centres lived in houses constructed with modern
housing materials, had some education, and had
occupations other than in agriculture. Travel outside
the district was most common in the trading centre
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population. The proportion of the population in the
rural trading villages reporting such characteristics was
substantially lower than in the main road trading
centres, but higher than in the rural agricultural
clusters.
The proportions of people with risk factors for HIV
infection also showed a gradient: the highest proportions of people reporting multiple sex partners and a
history suggestive of sexually transmitted diseases
were found in the roadside trading centres and the
lowest in the rural agricultural clusters. HIV seroprevalence was 38 5% in the main road trading centres,
25.4% in the trading villages, and 8-6% in the agricultural villages (table II). Such gradients were found
despite the fact that people in the trading centres and
trading villages had greater knowledge of AIDS and
modes of transmission and greater access to health care
than those in agricultural areas. (For example, 98%
reported knowing of AIDS in the first two strata
compared with 89% in the agricultural stratum.)
Table III gives the prevalences of HIV-I infection
according to age and sex. Seroprevalence was higher
among women than men, particularly in the roadside
trading centres. This largely reflects the higher seroprevalences in women aged 13-19 and 20-34. The
relative risks of infection were significantly increased
in the main road and trading village strata compared
with the rural agricultural stratum for both men and
women (table IV). The relative risk of infection in the
trading centres compared with the trading villages
was also significantly increased for women (relative
risk= 1 6, 95% confidence interval 1 2 to 2 1) but not
for men (1 2, 0 8 to 1-8).
Stepwise multiple regression indicated that the
stratum variable was strongly associated with seroprevalence for both men ((3=0-6Q0, p<0-001) and
women (f3=0 838, p<0 001). For females, after
adjustment for stratum, there was also a significant
association with the proportion of the population
reporting multiple sex partners in the past five years
(Q=0-446, p<001). Other variables associated with
HIV seroprevalence in table I (agricultural work,
travel, and injections) were not significant after adjustment for stratum of residence.
TABLE I-Multiple regression of cluster characteristics for HIVI
seroprevalence
Standardised Ji coefficient
Cluster characteristics

Women

Men

In agricultural work
With > two sex partners in past five years
Travelling to Kampala or foreign countries
Reporting injections in the past year

-0-677**
NS
NS
NS

0 807**
0 814**

0.579*

0.483*

*p<0O01, **p<O.OOl.
TABLE II -Sociodemographic characteristics of study population according to stratum of cluster. Figures are
niumbers (percentages) unless otherwise stated

Mlain road trading
N) of clusters
No of houscholds
No of poeple
Mlean distance of clusters to main road (km)
Presence ol lodge (hotel)
Presence otlbar
Households with moderts building matcrials
Working in agriculture
Working in bar or hotel or as driver
Anx education
Travel to Kampala or foreigit countries:

Men
Women
Two or more sex partners in past five ycars:

Men
Women
History of sexually transmittcd disease

Sexforpayorgift
HIV seroprevalence (range of clusters) (%)
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Rural trading village

village

6
236
286

6
238
346
4-5

9
359
660
19-8

6 (100)
6 (100)

224 (95-0)
85 (29-7)
30 (10-4)
252 (88-1)
31 (2 77)
26 (14-9)

69(61-6)
52 (30-0)
58(20-3)
29(10-2)
38-5 (24-2-52-8)

NOVEMBER

Rural agricultural

centre

1991

6 (100)
185 (77-7)
226 (65-2)
10 (2-9)
242 (699)

120 (33-3)
196 (86 -6)
1 (0-4)
173 (50-0)

13 (8-5:)
13 (6-7)

28 (8-5)
16 (4-8)

65 (42-5)
29 15-0)

108(33-0)
30 (9-0)
38 (10-9)

48)(13-9)

25(7-3)
25-4 (14-0-38-5)

15(4-2)

8-6 (1-2-14-0)

TABLE III-Prevalence (%t) of HIV-I infection by age, sex, and
stratum of cluster
Rural

Age goup
Men:
13-19
20-34
35-49
50+
Unknown*
Women:
13-19
20-34
35-49
50+
Unknown*

Trading
Centre

Rural trading
village

agricultural
village

0 (0/29)
39 (22/57)
38 (6/16)
10 (1/10)

3 (1/30)
40 (21/53)
30 (9/30)
6 (2/36)
0 (0/4)

18 (18/100)
9 (7/74)
0 (0/66)

18 (8/45)
42 (33/79)
25 (10/40)

9 (6/68)
15 (19/131)
8 (6/71)
0 (0/37)

50 (20/40)
57 (52/91)
28 (7/25)
17 (2112)
0 (0/6)

23 (3/13)
6 (1/16)

1(1/69)
0 (0/20)

0 (0/24)

*Most people of unknown age appeared to belong to older age groups.

TABLE IV-Seroprevalence of HIV-I and relative risk by stratum of
cluster and sex
Relative risk
No (%) infected (95% confidence
No of subjects
interval)
with HIV
Men:
Trading centre

Tradingvillage
Agricultural village
Women:
Trading centre
Tradingvillage
Agricultural village

112
153
329

29(26)
33(22)
26(8)

3-3 (2-0 to 5 1)
2-7 (1-7 to4-3)

174
193
331

81(47)
55(29)
31(9)

5-0 (3-5 to 7-4)

1-0
3-0(1-9to4-5)
1-0

Discussion
Although several surveys of HIV seroprevalence
have been conducted in rural areas of sub-Saharan
Africa, none provided detailed information on differences in rates ofHIV infection within rural populations,
or on the association of seroprevalence with community
characteristics. This information is needed to understand the spread of HIV in rural Africa and to
determine the most effective intervention strategies.
The Rakai district weighted seroprevalence of 12. 6%
is comparable with the preliminary result of the
Ugandan national serosurvey for rural central region
(12- 1%), in which Rakai is situated (Minister of Health,
Republic of Uganda, press conference 30 November
1989). The national serosurvey does not, however,
permit detailed analysis ofdifferences in seroprevalence
within rural populations.
We found substantial variations in HIV seroprevalence despite the fact that the population of Rakai
district has probably been exposed to the infection for
almost a decade.'3 In the absence of contact tracing, the
spread of HIV infection cannot be directly observed.
None the less, it is possible to infer the spread of
infection by examining differences in HIV seroprevalence by cluster and by type of cluster. The
differences noted between main road trading centres,
rural trading villages, and rural agricultural villages
(figure and table III) suggest that HIV transinission
tends to follow lines of communication along main and
secondary roads, as has been found with other sexually
transmitted diseases.4 '5 The main road trading centres
seem to act as focuses of infection. This is partly
associated with domestic and international trucking
and commercial sex in bars and hotels,' " which is
reflected in the disproportionately high seroprevalence
among women compared with men. The rural trading
villages located on secondary roads are not directly
accessible to international traffic and are not noted as
centres of commercial sex but may provide a conduit or
secondary locus for the spread of HIV to the more rural
villages, which have the lowest seroprevalence.
Multiple regression identified strong associations
between a higher proportion of the population engaged
in agricultural work and lower cluster seroprevalence.

Similarly, there was a strong association between
seroprevalence and type of cluster. Behavioural risk
factors, such as the proportion of people in each cluster
reporting two or more sexual partners, external travel,
and injections, were correlated with higher seroprevalence in women but not in men (table I). Thus
residence in an agricultural community reduces the
risk of HIV infection, but for women the protective
effect of rural residence may be countered by factors
such as community levels of external travel and
multiple sex partners, behaviours which are predominantly reported by men. The data suggest that the
introduction of HIV into rural communities may be
largely associated with male behaviour, including the
infection with HIV during travel outside the cluster
and contact with multiple partners on return. Levels of
education, socioeconomic status, and knowledge of
AIDS were higher in the trading centres and trading
villages than in the agricultural villages. The pattern of
HIV infection is thus not due to greater availability of
information or services in low prevalence rural
communities.
Further prospective studies will permit estimates of
patterns of HIV infection and transmission. For the
present, categorising rural Ugandan communities into
three strata provides a useful approach to identify high
risk commun.ities by their characteristics and potentially to develop targeted interventions permitting
more effective use of limited resources. Trading
centres and rural trading villages should be considered
targets for intensive preventive interventions both for
their benefit and potentially to prevent spread of
infection from these high prevalence communities to
neighbouring lower prevalence rural areas.
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We recently showed that the serum sialic acid
concentration predicts mortality from cardiovascular
diseases among men and women independently of
blood pressure, total cholesterol concentration, and
body mass index.' The relation between sialic acid
concentration and mortality from cardiovascular
disease is unclear. Smoking is a possible confounder
that has not been investigated. We therefore investigated whether smoking habits influence the sialic acid
concentration.

Subjects, methods, and results
The Varmland survey, in which sialic acid concentrations were measured in 97468 subjects in 1962-5,
has been described.' ! The methods of Hess et al and
Svennerholm were used to determine the sialic acid
concentration in 1962-3 and 1963-5, respectively."4 In
1963 a Swedish national postal survey of smoking
habits was undertaken.5 A random sample of roughly
1% of the adult Swedish population, stratified for age,
was asked about their present and past smoking habits.
The response rate was 94%.
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For the present study we used an algorithm based on
the grams of tobacco consumed in 1963 as cigarettes,
cigars, or pipe tobacco to quantify the amount smoked.5
We defined smokers as those who had reported
smoking cigarettes, cigars, or a pipe daily. We defined
non-smokers as those who had never smoked.
Computerised records from subjects who participated
in both studies were linked by using the personal
identification number. We used analysis of variance
and analysis of covariance for statistical testing.
Significance was assumed at p<0 05.
A total of 518 men and 504 women participated in
both the Varmland survey and the survey of smoking
habits in Sweden. Altogether 220 men and 62 women
were regular smokers, and 116 men and 383 women
had never smoked.
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