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Chapter 1

Introduction: The Masaka Cochort Study



Introduction: The Masaka Cohort Study

HIV infection and AIDS are currently ameong the most pressing
global public health issues (1}). The World Health Organization
estimates that gince the beginning of the pandemic in the late
1970s to the end of 1994 a total of 18 million adults and 1.5
million children had become infected with HIV, 11 million cases
in Africa alone {2).

In Uganda, the first cases of c¢linical AIDS were recognised in
1982 in the Rakal district situated in the South-West of the
country (3). By the end of 1988 a cumulative total of about 6,750
AIDS cases had been reported to the Ministry of Health; the
majority of cases were residents of Kampala, the capital, and
Rakai and neighbouring Masaka districts. There is little doubt
that the reported number is a congsiderable underestimate of the
actual figure. Availlable data on the HIV seroprevalence in adults
living in Rampala suggested that the level increased from about
10% in 1985 to 18% in 1988 (4). In 1988 adult seroprevalence
levels were of the order of 1% in some rural villages in Northern
Uganda and 30% or more in some villages in South-West Uganda.
Thus, a major HIV epidemic was emerging.

In 1987, the Government of Uganda requested the help of the
British Medical Research Council {(MRC)} teo deal with the AIDS
epidemic. This request resulted in the development of a
rmultidisciplinary research programme, the MRC Programme of
Research on AIDS in Uganda. The Programme, based at the Uganda
Virus Research Ingtitute in Entebbe, was developed in close
collaboration with the Ugandan counterparts following discussions
with the Ugandan scientific community, and was directed by the
author from its start in 1988 until September 1994. The work
described in this theslis was carried out as an integral part of
the MRC Programme activities.

The aims of the programme were to investigate the epidemioclogy
of HIV-1 infection and the natural history of HIV-1 associated
disease in rural Uganda, and to contribute to the development of
AIDS control strategies. More specifically, the aims were to
gquantify the role of biological and behavioural risk factors for
the transmission of HIV-1l; to determine the rate of progression
from HIV infection to disease and from disease to death, and risk
factors for such progression; and, to evaluate community
interventions aiming at a reduction in the transmission of HIV.
As to date HIV-2 has not been identified in Uganda, and this
thesis will deal with HIV-1 only.

Background

In 1988 knowledge of the epidemiology of HIV-1 in Africa was
ilargely based on studies of patients attending urban heospitals
and on selected urban populations, as comprehensively reviewed
by Francis and Quinn (8), Piot and Carael (6), Piot et al (7,8)
and Quinn et al (9).



Limited information was available on the prevalence of HIV-1
among rural pepulations but no data existed on the incidence of
HIV-1 infection or on the HIV-associated mortality in such
populaticns. There was strong evidence that among African adults
heterosexual contact was the predominant mode of HIV-1
transmission: the highest prevalence of infection was among those
sexually active, the male:female ratio among AIDS patients was
1:1, and the risk of being infected with HIV was strongly
associated with the reported number of (hetero)sexual partners
{10), contact with a female prostitute (11}, and with the
presence of other gexually transmitted diseases (STDs) {11).
Mother-to-child transmission had been identified as the most
important infection route in children. fTransmission through
transfusion of contaminated bleod was at the time considered to
be important in both adults and children. The relative importance
of these transmission reoutes or the importance of contaminated
needles or sharp instruments was not known. There were some
indications that transmission by other means such as intimate
non-sexual contact or insect vectors was much legs important
(12) . Homosexuality and intravenous drug abuse were not reported.

The results of studies on heterosexual transmission suggested
that both male-to-female and female-to-male sexual transmission
occured but in most studies no relationship was found between the
risk of transmission and length of relationship or number of acts
of sexual intercourse. This suggested the possibility of a marked
heterogeniety between individuals in infectivity and possibly in
susceptibility, and also within individuals in infectivity during
the long incubation pericd from HIV infection to disease (13).
The risk of heterosexual transmission appeared to be similar to
that observed in studies in industrialised countries, with a
suggestion that female-to-male transmission might be less
efficient than male-to-female (13),

There was mounting evidence that 8TDs could be important
cofactors for enhancing HIV transmission (14). While the evidence
for an assoclation between HIV infection and the presence of
other S$TDs was consistent in many studies, STDs could just be a
marker for sexual behaviour and prospective studies were required
to determine if STDs were an independent risk factor for HIV
infection. Two such studies conducted in Nairobi by Plummer et
al ameng female prostitutes and among thelir male clients showed
an increased susceptibility for HIV-1 infection in prostitutes
with genital ulcers (15) and increased infectivity of these women
(16). Holmberg et _al showed a temporal association between HSV-2
infection and increased risk for the acquisition of HIV-1 in a
study of homosexual men {(17). In addition, it was shown that
infections with C. trachomatis may increase the susceptibility
for HIV infection in women, possibly due to increased friability
of the cervix (17). No temporal associations between other STDs
and the risk of HIV infection had been observed. HIV antigens
had, however, been identified in lymphocytes from vaginal and
cervical secretions, but not in genital epithelial cells (11}.
This suggested that conditions which increase the number of
lymphocytes in the female genital tract may potentiate the risk
of HIV transmission bv increasing the pool of infected cells in




a seropositive person or the pool of target cells in a
seronegative person {(14). It was plausible, therefore, that all
STDp pathogens which elicit an inflammatory response could
potentiate the risk of HIV transmigsion. There was some
indication that oral contraceptive use might increase the
sugceptibility for HIV infection in women (15). Explanations for
such an effect include an increase in the area of cervical ectopy
and an increased risk of infection with €, trachomatis caused by
oral contraceptives (18). Finally, the studies from Nairobi
suggested that circumcised men were at a lower risk of HIV
infection than men who were not circumcised {19},

Available data from sub-Saharan Africa on the rates of disease
progression from HIV infection to symptomatic disease and from
disease to death suggested a progression rate from infection to
disease similar to that observed for cchorts of homosexual men
in the USA and Europe but a much faster progression from disease
to death (6,20).

In Uganda, as in most parts of Africa, the majority of people
live in rural areas. While it was considered plausible that the
modes of HIV transmission and risk factors would be similar in
urban and rural populations (21}, the relative risks and
population attributable risks could well be distinctly different
in the two settings. Similarly, the natural history of disease
foliowing HIV infection cobserved during studies of rural
populations might differ from such observations made during
studies of patients in urban hospitals as a result of different
exposures to infectious agents which could act as risk factors
for disease progression. Finally, it was considered that the most
pressing need was for research directed towards the development
of effective control measures, including studies of cultural
practices contributing to the spread of HIV (22), patterns of
sexual behaviour, and the evaluation of the efficacy of health
education interventions designed to encourage the use of condoms
and to reduce the number of sexual partners (23).

study cobijectives and design

The specific objectives for the first phase (1989-93) of the
programme were to determine for a rural and semi-urban area

1. the age- and sex- specific prevalence of HIV-1 infection
and HIV-l-associated disease;
2. the age-specific population attributable risks for HIV-1

infection through heterosexual contact, blood transfusions
and other potential modes (e.g. injections, scarification,
household contact, etc.), except vertical transmission, in
view of the difficulty of diagnosing HIV-1 infection in
infants;

3. the biological risk factors which influence heterosexual
transmission of HIV-1, the relative risks associated with
each of these risk factors, and their distribution in the
population;

4. the behavioural risgsk factors which influence the
heterosexual transmission of HIV-1, the relative risks



assoclated with each of these risk factors, and their
distribution in the population.

It was further planned to initiate during this period prospective

studies of a rural population

1. to ascertain the efficiency of male-to-female and female-
to-male transmission of HIV-1 and the effect of risk
factors, in particular STDs, on this efficiency;

2. to determine the rate of progression from HIV-1 infection
to disease and from disease to death, and risk factors for
such progression;

3. to evaluate the effectiveness of interventions in reducing
the transmission of HIV-1.

While cross-sectional surveys and case-control studies are of
some value to explore possible associations between exposure
factors and HIV-gtatus, and to generate hypotheses, these designs
are prone to blas due to recall and measurement errors. In
general, a prospective design is preferred to ascertain causal
relationships and to study the incidence of HIV-1, the HIV-1-
associated mortality and the natural history of HIV-l-associated
disease. The approach adopted was, therefore, to combine the
follow-up of a large population c¢ohort for study of the
epidemiclogy of HIV-1 with the follow-up of a smaller sub-cohort
for c¢linical studies. The population c¢ohort would include a
cluster of neighbouring wvillages with a total population of
approximately 10,000, half of them adults. Assuming an annual
incidence rate of HIV-1 infection among adults between 1% and 2%,
a cohort of this size would vield 50100 new infections annually.
This was considered adequate for the planned studies. This cohort
was kept under survelllance through annual repeat surveys.
Members of the population cohort who were of special interest
would be enrolled into the clinical cohort for detailed study
during guarterly visits to the study clinic.

Ethnographic and anthropological studies, in particular of
aspects of sexual, treatment seeking and coping behaviour would
be carried out in both cchorts. Of particular concern was the
development of methods for the collection of wvalid sexual
histories from the majority of adults in the general population
cohort and it was envisaged that initial qualitative studies
would be followed by a combination of quantitative and
gualitative studies.

Study area and population

Selection of the area

We intended to establish the population coheort in a rural area
with a HIV-1 prevalence in adults of the order of 5% to 10%. The
area wag to have a stable population, be within reasonable
travelling distance from Entebbe, accessible during all seasons
of the year and havea medical facility of acceptable qguality in
the wvicinity. Also, there had to be good prospects £for
cooperation by the population. During discussions at central
level the Masaka district in Scuth-West Uganda was identified as



Map of Uganda

the district of choice. In Masaka district extensive discussions
were held with medical and administrative authorities, a number
of potentially suitable areas were visited, and the Kyamulibwa
sub-county was selected for the study. The area was rural, about
100 miles from Entebbe and had a mission health center and two
government dispensaries. To obtain an approximate estimate of the
prevalence of HIV-1 infection among adults in the area we
collected 140 sera from local residents whe attended the health
center for various complaints but did not have symptomatic HIV-
assoclated disease. These were tested anonymously and 24 (17%)
were HIV-1 positive by EBLISA and Western Blot. As it had been
observed that the HIV-1 prevalence among hogpital ocutpatients in
Uganda was higher than in the general adult population we
estimated that the HIV-1 prevalence among adults in the
sub-county would be close to 10%.

Area and population

The total population o©of the Kyamulibwa sub-county was
approximately 29,000 ({(census 1991). The average household size
was 5.5 persons. In- and out- migration was relatively low with
an annual rate of the order of 6%-7%. The majority of the
population (70%) were  Baganda, but there was a large
representation (20%) of ilmmigrants from Rwanda and Burundi who
had settled, over the last 70 years, on land on the outskirts of
established wvillages. The remainder belonged to a variety of
ethnic groups. The community was predominantly Roman Catholic



(65%) . Approximately 25% were Muslims and about 10% Protestants.
The area was relatively fertile and mainly inhabitated by farmers
who cultivate coffee as a cash c¢rop and bananas for cooking.
Compounds were scattered and normally there was only one family
living on a compound. The smallest administrative unit was the
"wvillage", though there are no villages in texrms of a
concentration of a large number of houses except to some degree
in the trading center which was situated in the middle of the
sub-county,

As in the rest of Uganda, there were two political systens
operating. In 1986-87 the Government established a five tiler
system of administration based on elected councilis and committees
of citizens. The village council, the Resistance Council I (RC
I), was made up of all adult residents, with an executive
committee of nine members. The parish council, the RC 1II,
included the RC I executive committee members from all villages
in the parish, and also had an executive committee with nine
members. Similar councils and committees existed at sub-county
(RC IITI), county (RC IV) and district (RC V) levels. Alongside
this structure chiefs were appeinted who acted as administrators.
At times there was uncertainty about which system had the
jurisdiction in a particular situation. As far as the Government
was concerned the RC system was the more important one, For the
purpose of the study a village was defined as the households
belonging to a certain RC I council.

The area was connected to Masaka town, the district capital, by
an all-weather murram (earth) road. Villages in the area were
reached by the research teams using dirt tracks and a 4-wheel-
drive vehicle was sometimes regquired during the rainy season.

As mentioned, there were a health center and two dispensaries in
the area. The programme established a c¢linic for research
purposes. Treatment was provided for patients presenting with
complaints of a STD and those referred by staff of the health
units in the area. Drugs were freely sold in many of the little
shops in the area and in markets. The nearest hospital was
approximately 20 km away.

About 15 km from the area, and linked to it by tracks used by
bicycles but rarely by other vehicles, there was a busy trading
center on the trans-African highway, Lukaya. The center was
frequented by lorries travelling from Kenya to Rwanda, Burundi
and Zaire. The HIV prevalence in places like Lukaya was high {(4).
There was a busy trade betwsen Kyamulibwa and Lukava,
particularly young men from Kyamulibwa who brought bananas by
bicycle to Lukaya to generate cash.

Organisational aspects of the programme

The programme had its main base at the Uganda Virus Research
Institute, Entebbe (UVRI), where the administration and
statistical unit were accommodated. The HIV serclogy work for the
programme was done at the Institute and a test algorithm and



quality control procedures were developed in collaboration with
the UVRI virologists {24,25).

In Kyamulibwa a field station was established which included
offices, a study clinic and laboratory. A temporary clinic and
laboratory was run in Lukaya. Support services of the programme
in the Kyamulibwa area included a counselling service which
provided counselling both to communities and to individuals who
wanted to know thelr HIV status (26), assistance for the health
facilities in the area, a community based health care service,
health education activities and a water source protection scheme.
Varioug community development activities were initiated with the
long term aim of developing the community capacity, in particular
to deal with the effects of the AIDS epidemic (27-29). Needless
to say, the interaction between programme and community were
intense, Of particular relevance for the implementation of
programme activities were regular meetings with the RC III, the
highest administrative and political authority in the area, and
with a Health Advisory Committee which included political,
religious and medical leaders of the area (27}).

Under an umbrella agreement with Makerere University, Xampala,
the programme collaborated with the Faculty of Social Science,
the Medical School, the Institute of Statistics and Applied
Economics, and the Institute of Public Health. Close lialison was
maintained with the AIDS Control Programme, Ministry of Health,
and with the AIDS Commission. The programme was gulded by a
General Advisory Committee which consisted of leading authorities
of the Ministry of Health, the AIDS Control Programme, the
Faculties of Medicine and of Social Sciences, Makerere
University, and the UVRI.

Research implementation, 1989-94

The plans for the first years of field research were to determine
the distribution of HIV-infection and of biclogical and
behavioural risgk factors for HIV infection using enrolment data
of the general population cohort. HIV-positive cases and HIV-
negative controls matched by age, sex and village, would then be
selected for a case-control study. Using identical procedures a
comparative study would be carried out 1in the semi-urban
{trading) center. In this thesis results are presented of studies
of the general population cohort on the epidemioclogy of HIV-1.

An ethno-demographic and medical/serc survey of a cluster of 15
villages with a total population of about 10,000 people was
carried out during the period November 1989 - September 1990,
Baseline data allowed us to examine risk factors for HIV-1
infection in adults (Chapter 2.1) and, among other things, the
general and HIV-1 associated morbidity in adults {(30) and the
spatial distribution of HIV-1 infection (31}. Additional dJdata
were collected to assess the population attributable risks for
various modes of transmission (32,33). HIV-positive cases and
matched negative controls identified during the baseline survey
were selected for a detalled case-control study of possible risk



factors (Chapter 2.2). Using a survey appreoach, but identical
interview and examination procedures, a comparative risk factor
study was carried out in Lukaya (34). Baseline data served alsco
as the basis for simulation medelling exercises of the
association of HIV-1 and other STDs, and its relevance to
intervention programmes in rural Uganda (Chapter 3.2: 35,36). The
demographic and medical surveys of the general population cohort
were repeated annually. This made it possible teo study the
seroincidence of STDs (Chapter 3.1), the incidence of HIV-1
infection in children and the relative importance of various
transmission routes (Chapter 4), and the incidence of HIV-1
infection in adults (Chapter 5). Detailed information was
obtained on HIV-1 assoclated mortality so that it was possible
to quantify the relative risk of death among those infected with
HIV-1 relative to those not infected as well as the HIV-1-
associated excess mortality in the study population (Chapter 5).
In addition, trends in the prevalence and incidence of HIV-1 in
adults could be monitored (Chapter 6). Finally, cohort data were
used to model the impact of various intervention strategies on
the transmission of HIV-1 (Chapter 7).

Other studies were on migration and HIV-1 infection (37) and on
the impact of the HIV epidemic on the magnitude of the orphan
problem (38). A continuous registration of births and deaths was
introduced in July 1991 to assist in obtaining a more complete
" assessment of all births and deaths. Reported deaths were
included in a study of the use of verbal autopsy as a tool for
ascertaining the HIV-attributable mortality fraction in a rural
population (39),

Studies of some risgk factors for the heterosexual transmission
of HIV, notably the role of 8TDs, circumcision and sexual
behaviour, were successful only in part. As regarding S8TDs,
valuable descriptive data were collected (Chapter 3, section 1;
40,41) but as few patients with STDs attended the study clinic
{40-43) it was not possible to quantify the effect of STDs on the
efficiency of HIV transmission. In a study of the role of
circumcision, this factor was completely confounded with keing
Muslim since among males only Muslims were circumcised and life-
style factors (other than those we measured and controled for)
associated with being Muslim may have been responsible for any
difference found (44). Data on sexual behavicur was collected
through cuantitative and qualitative studies (45-52); much of
this material 1is important for the design of intervention
strategies but its use for epidemioclogical purposes is limited
as 1t was not possible to obtain precise information on recent
sexual partners for the majority of adults in the cohort. Crude
male-to-female and female-to-male transmission rates were
calculated using cohort data on discordant couples ({53). It
follows from the above that it was not possible to obtain precise
estimates of the transmission efficilency in the absence of risk
factors and to quantify the effect of various risk factors on the
transmission efficiency; modelling approaches are, however, being
used to obtain approximations. In addition, the collection of
relatively detailed sexual behaviour data from participants in
the c¢linical studies is ongoing.
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During the period 1992-94 blood samples were collected from all
consenting HIV-positive adults in the general cohort and from
matched controls for a case-controel study of the association
between HLA alleles and the risk of HIV-1 infection (54). It is
anticipated that the results of this study will be available in
1996, Data from this study will be used later to assess a
possible association between HLA alleles and the rate of disease
progression in HIV-1 infected adults,

Beginning in late 1990, a random sample of HIV-1 positive cases
and matched c¢ontrols were enrolled in a natural history
{clinical) cohort study with the aim of determining the rate of
progression of HIV-1 infection to disease, and risk factors for
such progression. Incident cases of HIV-1 infection identified
during annual surveys of the population cochort and matched
controls are added to the study as are HIV-1 negative subjects
at high risk of acquiring HIV-1 infection. Participants are
examined quarterly at the study c¢linic. A detailed medical
history is taken, guestions on sexual behaviour are asked and a
full medical examination is followed by extensive laboratory
investigations including tests for STDs, six monthly T-cell sub-
set c¢ounts, and the isolation and characterization of HIV
strains.

In the original plan of investigation high priority was given to
the implementation of a STD/HIV intervention trial., A village
based randomisation scheme was foreseen. However, the mobility
between villages turned out to be high and concerns were raised
about possible dilution effects. Subsequently a large controlled
trial was designed with parishes, scattered over Masaka district,
as units of randomisation. This trial, which started in mid 1994,
hag three arms: in one arm behaviour change interventions only,
in a second arm behaviour change interventions together with
improved STD management and a comparison arm.

In the absence of a cure or vaccine AIDS control depends
primarily on behaviour change strategies. Studies were carried
cut to ascertain cultural factors determining sexual behaviour
and obstacles to behaviour change (46-50,52). Further studies
examined how households were coping with illness and crisig as
a consequence of the AIDS epidemic (28,22,55-57) and how the
community capacity to deal with an increased morbidity and
dependency burden can be enhanced (58-59). Disease perceptions
and treatment seeking behaviour for malaria and STDs were studied
in order to contribute to the design of interventions (40-43,60).

Finally, wvarious methodological contributions were made (45,61-
65) .

In mid 1994 a pilot study started for a double-blind placebo
controlled trial of pneumococcal vaccine in HIV-infected
individuals. A study of sexual networks in Lukaya was being
planned as were studies of cytotoxic T-lymphocyte responses. The
cohort studies, the behaviour change and STD trial, and HLA and
virological studies are ongoing.
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Risk factors for HIV-1 infection in adults in a
rural Ugandan community: a population study

Andrew . Nunn, Jane F, Kengeya-Kayondo*, Sam S. Malamba,

Janet A. Seeley and Daan W. Mulder*

Objective: To determine sociodemographic risk factors associated with HIV-1
infection in a rural Ugandan poputation.

Design: A population-based survey.

Methods: All adult residents (aged 213 years} in a cluster of 15 neighbouring
villages of the Masaka District of south-west Uganda were invited to participate
in a sociodemographic and serological survey. Questions relating to sexual
behaviour were asked separately in an accompanying case—control study.
Sociceconomic data and an unambiguous HIV-1 serostatus were oblained by
house-to-house survey for 3809 (72%) of the adult population. The association
between serostatus and the following variables were analysed: age, sex, marital
status, tribe, religion, education, occupational group, place and frequency of
travel and recent history of sexually transmitted disease.

Results: Women aged 13-21 years were at a much higher risk than men of the
same age [odds ratio (OR), 8.6; 95% confidence interval {Cl), 3.0-24.5]. Married
people aged <25 years were twice as likely to be infected as those who were
not currently married (OR, 2.3; 95% Ci, 1.5-3.7). In contrast, in those aged 225
years, women were at a lower risk than men (OR, 0.72; 95% Cl, 0.52-0.98) as
were those who were currently married compared with those who were not (OR,
0.47; 95% 1, 0.34-0.64). In both age groups those with a history of a recent
genital ulcer were approximately three times mare likely to be infected. Muslims
had lower risks than non-Muslims (OR, 0.58 for both age groups),

Conclusions: The people most at risk of HIV-1 infection in this rural Ugandan
population are young married women who had, presumably, commenced sexual
activity recently.

AIDS 1994, 8:81-86

Keywords: Rural population, risk factors, HIV-1 infection, Uganda,

Introduction

Risk factors For HIV infection are well documented
for population groups such as homosexuals, intra-
venous drug users and commercial sex workers.
In sub-Saharan Africa, where the majority of the
people live in a rural environment, the AIDS epi-
demic affects whole communities, It could be hy-
pothesized that such people are at lower risk than
those living in an urban environment because they

are away from recognized risk arenas with their bars,
nightclubs and commercial sex workers. Poor rural
health services, such as absence of blood transfu-
sion facilities, paradoxically reduces the likelihood
of infection by such routes {1], However, inadequate
treaument for sexually transmined diseases (STD) is
likely to enhance the spread of HIV infection. 1t is
clearly imponant to identify risk behaviour in rural
populations in order to assist in the development of
prevention programmes.
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Studies on risks factors in rural or mixed urban/rural
sub-Saharan populations have been reported from
the Bukcba District of Tanzanzia [2], the Rakai Dis-
rict of Uganda {3), Rwanda {4] and The Gambia {5].
This paper reports on the results of surveys con-
ducted in a rural population in the Masaka District
of Uganda, The stady was underiaken as part of a
broader research programme on the population dy-
namics of HIV-1 infection. A case—ontrol study that
specifically addresses questions of sexual behaviour
is reported separately [6].

Background

The area of study is a subcounty of Masaka District
in south-west Uganda situated approximately 32km
from Masaka town and 16km from the trans-African
highway at its nearest point. A cluster of 15 neigh-
bouring villages, approximately one-third of the to-
tal subcounty population, were selected for study.
The area was chosen because of its zccessibility,
the anticipated stability of the population and likely
compliance of the local administration,

The inhabitants are mainly peasants who grow ba-
nanas as a subsistence crop and cultivate coffee
for sale; the population also raises livestock, usu-
ally chickens and goats and, occasionally, cows,
Households are scattered, although some are con-
centrated around the trading village at the centre
of the study area. The predominant tribal group,
the Baganda, constitute appreximately 70% of the
population. Substantial numbers of Rwandese im-
migrants have settled in the area, Medical facilities
are limited to two government dispensaries and a
mission health centre. The nearest hospital is 16km
from the study area.

Methods

Subjects

Beginning in late-1989, the study villages were
mapped and a census and socioeconomic ques-
tionnaire administered to all consenting heads of
household. Following the census, all adults (de-
fined as those aged 213 years) were interviewed
to obrain information on occcupation, education,
ethnicity, religion and travel. Occupation has been
grouped under six categories: (1) cultivators (in-
cluding cash and subsistence farmers, household
staff and crafispersons); (2) traders (including shop-
keepers and health practitioners); (3) teachers {and
religious teachers); (4) other salared workers (in-
cluding police, drivers and office staff); (5) other
occupation; and {6) no employment. No individ-
ual appears in more than one category. Professional
categories ke preference, so a teacher who is alse
a subsistence farmer and a shopkeeper appears in
group 3.

Within 2-3 weeks of sociceconomic data collection
data a medical team visited each of the house-
holds. All adults were invited to paricipate in the
medical survey, which involved a brief medical his-
tory, a physical examination and the collection of a
blood sample. A counselling service was available
for those who wished to know their serostatus. Ad-
ditional information on the study methods and the
procedures adopted to improve compliance have
been described in more detail elsewhere [7].

Laboratory methods

Blood specimens were transported at weekly inter-
vals 1o the [zboratory of the Uganda Virus Research
Institute in Entebbe, where they were tested for anti-
bodies to HiV-1. The quality control procedures and
test algorithm have been described in detail else-
where [8,9). In brief, all sera were tested using two
enzyme immunoassay (EIA) systems: Recombigen
HIV-1 ElA (Cambridge Biotech Corporation, Worces-
ter, Massachusetts, USAY and Wellcozyme HIV-1 Re-
combinant (Wellcome Diagnostics, Danford, Eng-
lIand, UK) with Western hlot (WB) when indicated
(Novopath HIV Immunoblot, Bio-Rad Laboratories,
Watford, England, UK).

All data processing was performed in Entebbe and
data entered on to databases, Data entry was per-
formed by double entcy and verification vsing IBM
personal computers and Dbase HI plus software.
Data were checked for consistency and complete-
ness.

Statistical analysis

Logistic regression analyses using EGRET were used
to obtain estimates of odds ratios (OR) for each of
the factors of interest, adjusted for age, sex and
the age-sex interaction. Multivariate analyses were
performed separately according to age (<25 and
=25 years). Factors included in the analysis were
age group, sex, current martal staws, uibe, reli-
gion (Muslim or non-Muslim), having an occupa-
tion, leaving the village for work, frequency of
leaving the village, county or disteict, frequency of
visiting Masaka and Kampala, history of genital ul-
cer and history of pain when passing urine in the
previous 6 months. Level of education attained was
included for those aged =25 years. Age groupings
were 13-21 and 22-24 years in the younger popu-
lation, and 25-34, 35 to 44 and 45 Zyears in older
people. Circumcision is a practice restricted to Mus-
lims in this population and no additional data were
collected on it. All variables associated with seropos-
itivity at the 10% level of significance were included
in the model using a stepwise procedure until no
further reduction in the likelihood ratio statistic at
the 5% significance level was observed.

The study was approved by the Ugandan Ministry of
Health and National Council of $cience and Technol-

ogy.
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Resulis

A total of 1981 inhabited households were identified
and census information obtained from 1804 (91%).
Of the remainder, 60 (3%) refused to cooperate and
in 50 {(3%0) the occupants were found to be repeat-
edly absent. A de jure population of 9820 was enu-

merated, residence being defined as having stayed

in the study area for at least the last 3 months or
having recently moved to the area with the inten-
tion of staying. Adults, defined as those aged 213
years, comprised 5278 (53.7%) of the population.

The individual socioeconomic questionnaire was ad-
ministered to 4494 (85%) of adulis. Rates of compli-
ance increased with age from 77% in those aged <25
years to 91% in older people, Seventy-nine per cent
agreed to give a blood sample. Both socioeconomic
daia and an unambiguous serostatus was available
for 3809 (729%).

Seroprevalence by age and sex

Of 4175 adults with assessable serostatus, 342 (8.2%)
were seropositive. Rates by sex and 5-year age
group are shown in Table 1. Highest rates occurred
in women aged 20-24 years (21.4%) and in men
aged 25-34 years (18.190),

Table 1. Prevalence of HIV-E infection by age and sex,

Men Women

Seropositive Seropositive
Age
{years) Mo, No. Yo No. No. b
13-14 231 0 0.0 222 2 09
15-19 386 b 0.5 374 25 6.7
20-24 239 27 i3 281 60 21.4
25-29 193 35 18.1 259 36 13.9
30-34 156 28 17.9 170 n 12.4
35-3% 12 17 15.2 148 12 8.1
40-44 10 13 1%} 145 t4 9.7
4549 102 10 9.8 11t 8 7.2
50-54 1z 5 4.5 137 6 4.7
55-59 64 2 3.1 G0 3 13
60-64 a7 1 1.0 103 3 2.9
265 186 9 4.8 157 3 1.9
Totat 1988 149 7.5 2187 193 8.8

Marital status

Data by age and sex on the association of marital sta-
tus with seroprevalence are shown in Table 2. In the
13-24-year age group rates are lowest among those
who are single in conteast to the older age group,
where the lowest rates are among those who are
currently married or those who have been wid-
owed, the majority of whom are aged 245 years.
The rate in young single women considerably ex-
ceeds the rate in young single men. Fewer men re-

poried themselves as divorced and many fewer as
being widowed (28 men versus to 222 women).

Table 2, HIV-1 seropositivity by marital status,

Men Women
Current Seropositive Seropostive
Age marital
{years) status Mo, No. % No. No, %

Single 644 13 20 468 24 5.1
13-24 Macried 72 14 194 266 46 123
Widowed o - - 2 1 50.0*
Divorced 2 0 n.0* 17 4 235

Single t75 28 160 128 18 14,

225 Married 778 68 87 658 48 7.3
Widowed 28 2 71 220 12 3.5

Divorced 89 12 135 155 18 1.6

*Percentages based on less than 25 ohservations.

In logistic regression analyses those currently mar-
ried were compared te the unmarried (single, wid-
owed or divorced). In the 13-24-year age group
there was a highly significant risk attached to be-
ing married [OR for married versus unmarried, 4.7;
95% confidence interval (Cl), 3.0-7.3; P< 0,001}, af-
ter allowing for differences in rates berween sexes.
However, there was also a significant sex—marriage
interaction and the OR for men and women were
11.8 and 3.3, respectively. In the analysis of those
aged 225 years there were significant differences
between the sexes and between the age groups but
no significant interactions; marriage had an appar-
ently protective effect (OR, 0.48; 95% CI, 0.36-0.65;
P< 0.001),

Tribe, religion and education

An analysis by tribal group (Table 3) showed no
significant variation between the major groups liv-
ing in the area, although there is a suggestion that
rates among the Baganda are lower than those in
other Ugandan tribes (#=0.1) and the Rwandese
(P=0.07).

Seroprevalence rates by religious affiliation are
shown in Table 3. The majority of the population are
Roman Catholics and rates in this group do not differ
significantly from those in the Church of Uganda and
‘other’ groups. Muslims, however, have significantly
lower rates (OR, 0.61; 95% CI, 0.45-0.83; P< 0.001).

Analysis by education level is restricted to those
aged =25 years since many younger people would
be unlikely to have completed their education. Per-
centage seroprevalence rates suggest an increased
risk for those achieving higher levels of educa-
tion, i.e., completing primary level or higher. After
adjusting for the effect of age, however, these dif-
ferences become much smaller since many more of
the younger population had attained higher educa-
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Table 3. HIV-1 seropositivity by tribe, religion and educational level
attained.

Seropaositive
Odds ratio*
Total  MNo. % {95% €1

Tribe

Buganda 2569 196 7.6 1

Other Ugandan 219 24 N0 £,4{0.90-1.2}

Rwandese 729 68 9.3 1.3(0.98-1.8)

Other nationalities 292 20 6.8 0,80(0.55-1.5)
Religion

Roman Catholic 2277 197 8.7 t

Church of Uganda 416 41 9.9 1.1(0.76-1.6)

Muslim 1022 62 6.1 0.6110.45-0.83)

Other 91 8 8.8 1,.140.53-2.4)
Educationt

None 826 61 7.4 1

Incomplete primary 1077 82 2.6 0.67(0.46-0.97)

Incomplete junior 242 . 157 1,100.70-1.8;

Complete junior 186 25 134 +,040,40-2.5)

*Corrected for age, sex and the age-sex interaction; tadults aged
225 years. €1, confidence interval.

tion levels than the more elderly, who have much
lower rates of infection (Table 1),

QOccupation

Since few people in the area are able to subsist on
any one form of employment, most of those ques-
tioned, including those in full-time education, gave
two or more occupations. Some form of occupation
was mentioned by 3675 (96.5%); 58 of the remain-
ing 134 were attending schoo! and 46 were over the
age of 55 years. OR for the effect of each occupa-
tional group have been compared with the cultivator
group (Table 4).

The cccupational group associated with a signifi-
cantly higher risk compared with those in the base-
line group includes army personnel, police, drivers
and office workers. The lowest rates were among
teachers and the unemployed (OR, 0.53 for both);
however, these differences were not statistically sig-
nificant.

Travel within the subcounty and beyond

Each respondent was asked to name up to six places
to which he or she travelled regularly; three within
the subcounty and three beyond.

The results have been analysed by travel beyond
the village, the county and the district; travel to the
district town, Masaka, and the capital city, Kampala,
was also analysed. There is evidence that seropos-
itive status is associated with frequency of travel
and destination, the most significant findings be-
ing in the analysis of travel beyond the county
and the district. Seropositivity rates among those
who never left the county were 6.4% compared
with 14.6% among those who lefi weekly or more
frequently, and for leaving the district 7.2 and 16.0%,
respectively (P< .03 for trend with increasing fre-

quency of travel for both comparisons). The trends
in seropositivity by frequency of travel to Masaka or
to Kampala were not significant.

History of STD

Respondents were asked about the occureence of
STD symptoms within the previous 6 months; 134
(3.5%) reported having had a genital ulcer and 246
(6.5%) pain when passing urine. For both, there
was a significant association with HIV serostatus, the
strongest heing a history of genital ulcers (OR, 3.4;
95% CI, 2.2-5.3).

Table 4. Seropositivity by occupation,

Sercpositive

Gceeupation Cdds ratio
category No.  No. % (95% C1)
Cultivator 2902 1 8.3 1

Trader 6iS 43 7.0 0.81{0.58-1.2}
Teacher 79 4 5. 0.53(0.19-1.5)
Other salaried 52 13 25.0 340.7-6.8)
Oiher occupation 27 2 7.4 3,140.25-4.8)
No employment 134 5 37 0.53(0.21-1.33)

See Methods for definition of categories. Cl, confidence interval.

Table 5. Results of multivariate logistic regression analysis.

Sex and age group/ QOdds ratios
significant factors (95% Ch
13-24-year age group
Men aged 13-21 years 1.0
22-24 years 22,4(7.3-68.5)
Women aged 13-21 years 8.6{3.0-24.5)
22-24 years 21.1(6.9-64.6}
Currently married 2.3{1.5-3.7)
History of genital ulcer 3.600.7-2.7)

Mushim 0.58(0.35-0.95)

2 25-year age group

25-34 years 1.0
35-44 years 0.64(0.44-0.92)
=45 years 0.22(0,15-0.32)
Fernale 0.72(0.52-0.98)
Histary of genital ulcer 2.8(1.6-5.0)
Currently married 0.471{0.34-0.64)
Muslim 0.5810.39-0.85)
Waorks outside the village 1.8(1.2-2.6}

factors are shown according to the order in which they were added
to the model. In the older age group education levet attzined con-
tributed siginificantly to the reduction in the likelikood ratio statistic;
however, none of the four levels differed significantly from the base
level of no formal education. C), confidence interval.

Multivariate analysis

Results of the multivariate analyses are shown in
Table 5 by the two selected age groups, Differ-
ences between men and women is greatest in those
aged 13-21 years (OR, 8.6 for comparison of women
with men of this age group). As noted previously,
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marriage is associated with a higher seroprevalence
in those aged <25 years but 2 lower seroprevalence
in the older age group. OR for an increased risk in
those with a genital ulcer and a decreased risk in
Muslims were almost identical for both age groups.
Two additional factors were of significance in the
older age group, namely working outside the vil-
lage and the level of education attained, although
none of the individual differences between educa-
tion levels and the base level were significant.

Discussion

This study reports on risk factors associated with
HIV-1 infection in a rural Ugandan population. Up
10 999 of transmission in adults in this population is
estimated to be a consequence of heterosexual en-
counters, the remainder being through blood trans-
fusion [1}. 1n the absence of population data on sex-
ual history and sexual practices an assessment of risk
factors in a population must concentrate on likely
surrogate markers for sexual activity, The baseline
socioeconomic and medical surveys conducted at
the outset of this longitudinal study provided an ex-
cellent opporunity to assess the refative roles of a
number of possible such markers.

Efforts were made to include all adult members of
the study population. Inevitably, some were absent
from the study area at the time of one or both sur-
veys, These absentees are likely to have been the
more mobile individuals who have been shown to
have higher risks of infection. Reasons for refusal to
comply were rarely given; some may have refused
on account of known seropositivity. On the other
hand, ill people might have been more inclined
o comply in the expectation of receiving treatment
£10]. Seroprevalence rates may therefore have been
under or overestimated, but the net effect on OR es-
timates is likely to have been small.

Population coverage was high: 72% of the adult
de jure population consented to an interview by 2
member of the social science team and the drawing
of a venous blood sample to assess HIV-1 serostatus.
Compliance rates were highest in the older members
of the population: 82% of those aged = 25 years com-
pared with 63% of those aged 13-24 years. Many of
the younger age group were away at school at the
time of interview.

Many of the findings from this study are not unex-
pected. Rates in women are somewhat higher than
those in men, and the highest rates in women occur
at an eariier age than in men, Those who travel be-
yond their own village are at greater risk than those
who stay at home. Frequency of travel is also asso-
ciated with sisk of infection.

The results of the analysis by current marital sta-
tus are particularly interesting. In the youngest age
group (<25 years) marriage represents a substantial
risk factor, particularly in women. We have analysed
provisional data from the general population on sex-
ual histories from young adults aged 13-24 years.
Only one in five single people aged 13-19 years re-
port that they have begun sexual activity. In contrast,
most single people aged 2 20 years report having be-
gun sexuval activity. In both age groups the reported
number of sexual partners in sexually active single
people is very similar 1o that of married people of
the same age. It is therefore probable that marriage
in younger people equates with having recently be-
gun sexual activity. The protective effect of marriage
in the older age group (225 years) suggests that,
in contrast 10 older single people, married people
may have changed parntners less frequently in recent
years, i.e., since the siart of the AIDS epidemic. Data
from the case—control study on a subgroup of this
pepulation confirms that those with larger numbers
of lifetime partners are more likely to be infected.
Thus, OR of 1.8-37 were observed when those
with between four and 10 and 211 lifetime sexual
partners, respectively were compared with those re-
porting berween one and three partners (6],

The findings that Muslims are at decreased risk com-
pared with non-Muslims (OR, 0.58 in multivariate
analyses for both age groups) is consistent with
those from other studies including another Ugandan
popuiation [3]. Two studies of African countries have
assessed the correlation between estimates of the
proportion of the male population who have been
circumcised and seroprevalence rates of HIV-1; both
stdies support the hypothesis that lack of circum-
cision is a risk factor (11,12]. In our study popula-
tion this difference does not appear to be a result of
the number of sexual panners, cither lifetime or re-
cent, as a detailed analysis in the case—control study
shows {6), Since male circumcision in this population
is not practised outside the Muslim community, it is
possible that this difference, which is found not only
in men but alse in women, may be due to the pos-
sible protective effect of circumcision to both men
and their partners. However, undetected differences
in the sexual practices of Muslims and fundamen-
tal differences in the characterisiics of their sexual
networks cannot be excluded, Considerable cau-
tion needs to be exercised in the interpretation of
these data, as demonstrated recently in a compre-
hensive literature review [13|. Further studies are
needed, preferably In populations where circumci-
sion is not associated with imponant confounding
lifestyle differences.

An important factor not included in the current anal-
ysis is socioeconomic status. In an earlier publica-
tion {14] we have shown a significant association
berween the sociceconomic status of the head of
the household and his/her serostatus. Three indices
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of economic status: type of house, land size and
a household item index were inversely associated
with sercpositivity, without any sign of sex differ-
ences in this relationship. This finding extended to
the spouses and daughters of the household head
but not to the sons.

Sexual behaviour and risk exposure are determined
by many factors. Women may be at risk because of
poverty, offering sex to men in exchange for goods
or money. Those with the opportunity to travel are
exposed on account of moving frequently into risk
arenas.

The level of education received does not appear to
substantially increase or reduce the risk of infection.
This finding Is in accordance with other studies in
Tanzania and Abidjan {15,16]. Reasons for this are
likely to be complex and may include aspects of mo-
bility and wealth as well as accessibility to treatment
of STD and practice of safe sex.

A highly significant risk factor in both age groups
was a history of a genital ulcer in the previous
6 months. Other workers have found a similar asso-
ciation {17). The weakness of cross-sectional analysis
is that causality cannot be eswablished; it remains to
be determined whether the presence of an $TD en-
hances the likelthood of HIV-I infection, whether
STD occur as a consequence of HIV infection, or
whether a history of $TD is only a proxy for frequent
pariner change.

At the time of this study we did not know how to
ask the general population sensitive questions or
whether the inclusions of sensitive questions would
jeopardize compliance in other parts of the survey.
For this reason, we invited a subsample of this study
population to participate in a more detaited enquiry
on sexual behaviour, which is reported separately
[a1.
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SHORT COMMUNICATION

Risk factors for HIV-1 infection in adults in a
rural Ugandan community: a case-control study

Samuel S. Malamba, Hans-Ulrich Wagner, Gillian Maude*,
Martin Okongo®, Andrew J. Nunﬂ, Jane F. Kengeya-KayondoT
and Daan W. Mulder

Objective: To study in depth sexual history and sexual behaviour variables as risk
factors for HIV-1 infection in a rural Ugandan population.

Methods: Following a socioeconomic and serological survey of a rural population
in Masaka District, south-west Uganda, 233 randomly selected HIV-I-positive
cases and 233 negative controls matched on age and viltage of residence, were
invited in October 1990 to participate in a case~contrel study. A total of 132 cases
and 161 controls attended for in-depth investigation including an interview about
sexual behaviour.

Results: The factor most strongly assoctated with increased risk of infection was a
greater number of lifetime sexual partners, with odds ratios (OR) of 2.1 and 4.9 for
those reporting 4-10 and 11 or more partners, respectively, compared with those
reporting less than four partners. Having only one sexual partner did not provide
complete protection, a total of seven (one male, six female) subjects reporting
only one sexual partner were HIV-1-positive. Other significant factors were a
history of genital ulcers [OR, 2.9; 95% confidence intervals (CI), 1.0-9.1) and
not being a Muslim (OR, 5.4; 95% Cl, 1.8-16.5) suggesting a possible protective
effect of circumcision. There was a suggestion that those who married within the
last 7 years (OR, 2.4; 95% Cl, 0.9-6.1} and men exposed to menstrual bloed (OR,
5.7; 95% Cl, 0.7-49.8) were at an increased risk of HIV-1 infection.
Conclusions: These results confirm the predominant role of sexual behaviour
in the HiV-1 epidemic. Of particular concern is the observation of HIV-1
infection among those reporting only one partner. Where HiV-1 infection is
widely distributed in the general population, risk reduction strategies should, in
addition to the promstion of partner reduction, place strong emphasis on safe-sex
techniques.

AlDS 1994, 8:253-257

Keywords: HIV-1, risk factors, case—centrol study, sexual history,
rurat population, Uganda.

introduction data on sensitive questions regarding sexual his-

tory and behaviour have been reported from several
AIDS has been spreading rapidly into rural areas in African countries, usually from selected populations,
parts of sub-Saharan Africa [1). Studies to obtain but few have investigated rural communities. Rural

From the MRC (UK) Programme on AIDS in Uganda, Entebbe, Uganda, the *London School of Hygiene and Tropical
Medicine, London, UK and the *Uganda Virus Research nstitute, Entebbe, Uganda.

Sponsorship: Supported by the Medical Research Council and Overseas Development Administration of the United
Kingdom.

Requests for reprints to: Samuel S, Malamba, Medical Research Council (UK) Programme on AIDS in Uganda, PO Box 49,
Entebbe, Uganda.

Date of receipt: 22 April 1993; revised: 20 October 1993; accepted: 9 November 1993,

®© Current Science Ltd ISSN 0269-9370



AIDS 1994, Vol 8 No 2

25

studies in Ghana [2], Tanzania 13}, Rwanda (4] and
Uganda (3] ideniified sexual intercourse with prosti-
tutes, history of sexually transmitted diseases (STD),
sexual behaviour and traditional practices as risk fac-
tors in adults.

In 1989-1990, a rural population cohort was estab-
lished in an area of south-west Uganda in order to
study the population dynamics and the role of risk
factors for HIV infection with the aim of assisting
the development of appropriate intervention pro-
grammes. When the study began, knowledge on
how 10 ask questions about sensitive issues such
as sexual behaviour was limited and it was de-
cided to conduct a case—control study based on a
random sample of seropositive cases and matched
controls to address these questions. The results of
this case—control study are reported here.

Methods

From November 1989 to September 1990, a survey
was carried out in a subcounty of Masaka District
to establish a populaton cohort of approximately
10000 people in a cluster of 15 neighbouring vil-
lages with scattered households [G]. Sera were as-
sayed for HIV-1 antibodies and an unambiguous
serostatus obtained from 7802 people (4175 adulis
defined as 213 years of age). In all, 4.8% (377) of
the general population and 8.2% (342) of adults
were HIV-1-positive. A sample of two out of ev-
ery three HIV-1-positive adults were randomly se-
lected as cases. Because of small numbers, it was
not possible to match on more than two factors and,
since knowledge on the possible confounders was
limited at the time of selection, an HIV-1-negative
control maiched by village and age groups was ran-
domly selected for each case. Ages were matched
to within 1 year for those under 235 years of age and
to within 5 years for those aged 25 years or more.
HIV status was determined using an indirect and
a competitive enzyme immunoassay (EIA)} system,
Recombigen HIV-1 EIA (Cambridge Biotech, Cor-
poration, Worcester, Massachusetts, USA) and Well-
cozyme HIV-1 Recombinant {Wellcome Diagnostics,
Dartford, England, UK), and Western blot using No-
vapath HIV immunoblot (Bic-Rad Laboratories, Wat-
ford, England, UX) when appropriate (71 The HIV
status of participants was known only to the project
statistician.

Informed written consent was sought during vis-
its to the homes of all selected subjects, at which
stage each subject was asked to attend a clinical in-
terview and examination conducted by a physician
at the study clinic. In addition to medical events, the
questionnaire included sections on sexual histories
with varying recall periods of 7 days, 4 weeks, 6
months, 12 months and lifetime. To assess consis-

tency of responses on sexual history questions and
the possible interviewer effects, semi-structured In-
terviews were conducted by a female social scientist
on a random subsample. of respondents. Interviews
were conducted in private, in 2 local dialect. For lo-
gistical reasons they took place immediately afier the
physician’s interview; the interviewer was unaware
of the physician’s results,

Of the 233 HIV-seropositive cases and 233 HIV-
seronegative controls selected, 132 cases and 161
controls attended for enroiment, Forty-one indi-
viduals (27 cases, 14 controls) had moved away
and 22 died before enrolment (20 of whom were
HEV-positive), possibly on account of the 11-month
interval between the population survey and study
enrolment, Rates of refusal and failure to attend
were similar in the two groups; 55 cases (29.6%0)
and 56 controls (25.8%). No seroconversions were
observed between the survey and enrolment.

Statistical analysis

Since a substantial number of the originally selected
cases (44%) and controls (3196 did not present for
enrolment to the study, the number of observa-
tions available for analysis reduced to 95 matched
pairs, To improve statistical power and precision,
a modification was made in the analysis to create
extended matched sets that preserved zll available
matched pzirs but also included additional cases
or controls from the same village and age group
if these were otherwise unmatched. Thus, it was
possible to match all except 36 of the 293 enrolled
subjects, leaving 257 subjects (119 cases, 138 con-
trofs) in 106 matched sets. All odds ratios (OR)
were estimated by conditional logistic regression
using the EGRET package (Statistics and Epidemi-
ology Resecarch Corporation, Seattle, Washington,
USA). Significance was assessed by the likelihood
ratio statistic (LRS), When interactions were investi-
gated, ages were grouped as 13-24, 25-34 and 235
years,

Results

The age of the cases ranged from 16 to 70 years;
46.2% (55) of the cases and 52.99% (73) of the con-
trols were women. Table 1 shows the general so-
ciodemographic variables. There was no evidence of
risk of HIV-1 infection because of tribe, education,
history of blood transfusion, previous admission to
hospital or scarification. Those who had married
within the previous 7 years had an increased risk
of infection compared with those who had mar-
ried earlier [OR, 2.4: 95% confidence interval {CI),
0.9-6.1, adjusted for sex], There was a fivefold in-
creased risk of Infection in non-Muslims compared
with Muslims after adjusting for sex, marital status,
number of lifetime sexual panners and their interac-
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tions with age (adjusted OR, 5.0; 95% CI, 1.4-16.7;
P=0.04).

Table §. Risk of HIV-1 Infection for 132 cases and 161 controls by se-
lected variables.

Distribution (%)

- 95%

Variable Cases Controls OR? a P
Tribe

Baganda 70 64 1.0

Banyarwanda 20 24 1.5 0.7-31

Other 10 F2 1.4 0636 05(2d0)
Educationt

tNone/primary (i) 20 b7 t.o

Primary {2/3} 46 58 1 (h5-26

Primary {24) 34 25 3.6 0644 04(2d0)
Current marital stalus

Mot married 33 ) 1.0

Married 67 67 1.0 0619 09
Year of marsiage

1984 37 63 1.0

1985-1991 63 37 24 09-6.1 0.06
Travelling

Qutside District 42 44 1.0

Not beyond District 29 24 1.0 0520

Not beyond county 27 30 1.5 07-3.0

Mot beyond village 2 2 04 D40 05(3df)
Religion

Muslim 16 2% 1.0

Non-Muslim 84 71 54 1.8165 0.02

(Christian, cihen
Ever had a blood
transfusion

No 97 96 1.0

Yes 3 4 0% 0.2-35 0.8
Admitted to hospital
{past 5 years}

Mo 86 a8 1.0

Yes 14 12 1.3 06-27 0.5
Scarification or
ear piercing

No 56 49 1.0

Yes 44 31 08 0514 0.4
Genital ulcers
o sorest

No 7 14 1.0

Yes 93 86 29 1.0-9:1 0.05
Abnormal vaginal
discharge}

No 15 35 1.0

Yes 85 65 5.7 0.7-500 0.1
Urethral discharge
{men)

No 3 3 1.0

Yes 97 97 09 02-42 0.9

Dencrninators vary by variable due to missing information. *Odds talios
{OR? adjusted for sex and agefsex intetaction {erms except fos abnormal
vaginat and uretheal discharge, tyears of formal education given in paren-
theses. ¥In the & months prior 10 1he interview. Cl, confidence interval,

Sexually transmitled diseases

Participants reporting a history of genital ulcers in
the 6 months prior to interview had a three-fold in-
creased risk of infection compared to those without
(OR, 2.9; 95% CI, 1.0-9.1; P=0.03, adjusted for sex

and the age/sex interaction). There was also an in-
creased risk of HIV-1 infection in women reporting a
history of unusual vaginal discharge although this in-
crease was not statistically significant (OR, 5.7; 95%
CI, 0.7-50.0: P=0.1>. In contrast, there was no sug-
gestion that a history of urethral discharge in men
was associated with increased risk of HIV-1 infec-
tion {OR, 0.9; 95% CI, 0.2-4.2; P=0.9).

Number of sexual partners

There was no relationship between HIV-1 infection
and number of partners reported in periods less than
12 months (OR of 1,0, 0.8 and 0.9 for those reporting
1-3, 4-10 and 211 partners, respectively). However,
the risk of HIV-1 infection increased with increasing
numbers of lifetime sexual pariners with OR of 2.1
and 4.9 for those reporiing 4-10 and 211 partners.
respectively, compared with those reporting 1-3
partners (32 for trend across sexual partner groups
adjusted for age and sex=12.3, 1 d.f; P<0.001).

The risk of infection by the number of reported
lifetime partners and age group is shown in Table
2. There was a significant interaction between re-
ported numbers of sexual partners and age group
(P=0.03), indicating a greater effect of a large num-
ber of partners in those aged under 25 years. Of the
cases, 36 men reported more than 10 sexual partners
compared with only one woman; one man and six
women reported only one lifetime sexual partner.

Other sexual behaviour

Factors relating to sexual history in both men and
women are shown in Table 3. Those who reported
recelving or giving gifts or money in exchange for
sex and those who had experienced abrasions as
a result of sexual intercourse showed no significant
increased risk of HIV-1 infection. There was no evi-
dence that age at first sexval contact was associated
with an increased risk of infection. Approximately
40% of the respondents reported first sexual contact
at the age of 15 or 16 years (median age, 15 years
for women and 17 years for men), In women, nei-
ther intercourse before or age at first menstruation,
nor use of intravaginal herbs were associated with
an increased risk of infection.

Sexual intercourse during menstruation in the past
12 months was reported to the physician by only
five {three cases, two controls) out of 128 women;
compared with nine (three cases, six controls) of the
59 randomly selected women seen by the social sei-
entist. Twelve men (nine cases, three controls) re-
ported having intercourse while their partner was
menstruating {data not shown) (OR, 3.7; 95% ClI,
0.7-49.8; P=0.06). Four (three cases, one control)
out of 128 women (55 cases, 73 controls) reported
to the physician that they had been forced to have
sexval intercourse against their will in the past 12
months.
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Table 2. Odds ratios for HIV-1 Infection in men and women for reported numbers of sexual partners, shown within each age group.

Distribution (%)

Age groups (years)

Number of All ages combined
sexval partners Cases Controls 13-24 25-34 235 {95% confidence interval)
Lifetime

1-3 50 31 1.0 10 1.0 1.0

4-1¢ 36 37 4.5 0.8 17 2.1 (1.0-4.4)

=11 14 32 12.8 85 25 49{1.9-12.49

¥2=12.3, 1 d.f; P<0.001, trend aceoss lifetime sexval partner groups adjusted for age and sex.

Table 3. Risk of HIV-1 infection by sexual history variables for 132 cases
and 161 controls.

Percentage
95%

Variahle Cases  Conirols OR Cl £
Received or gave gifmoney
in exchange for sex

No 82 83 1.0

Yes 18 17 i3 0525 9.5¢
History of abrasions resulting
from sexual intercourse

Ne a5 26

Yes 5 4 0.3-3.4 9.9°
Median age at first
sexual contact

<15 56 59 1.0

t5and 16 19 21 0% 0421

217 25 20 1.7 0841 Q1(24d5)
Women only
First sexual intercourse
before menstruation

No 8s a8 1.0

Yes i5 12 09 0250 05
Age al first
mensisruation {years)

11-13 24 27 1.6

14 47 38 04 0.1-1.7

>15 29 35 LA (G4-4.9 0.5
Ever insert herbs (o7 other)
into vagina

No 86 49 1.0

Yes 14 n 0.6 031-23 0.4
Had sexual intercourse
whife mensiruating in
past 12 months

No 94 97 1.3

Yes ] 3 05 0.1-55 06
Men only

Had sexual Intercourse
in patt 12 months while
partner was menstrualing
No e6 93 1.0
Yes 14 7 57 0.7-49.8 0.04

*Odds raties (OR) adjusted for sex and age/sex interaction. €I, confidence
fnterval.

In contrast, 13 (seven cases, six controls) of the 59
wamen (30 cases, 29 controls) interviewed by the
social scientist said that they had sex against their
will. A paired analysis of responses to the social
scientist and to the physician showed that signifi-
cantly more women reported rape and sex during
menstruation to the social scientist (P<0.01 for both
comparisons).

Discussion

In contrast to many previous studies that have taken
their cases from selected subgroups of the popula-
tion, the cases and controls in the current study were
drawn randomly from the general population. Lack
of matching by sex restricted the scope of the anal-
ysis, since it was often desirable to consider the re-
sults for men and women separately, thus reducing
the number of discordant sets available. The modifi-
cation of the analysis that created extended matched
sets and therefore an increased number of discor-
dant sets, produced similar but more precise results
compared with those obtained when analysis was
restricied to the matched pairs selected at the de-
sign stage.

As with all case—~ontrol studies, the method of se-
lection of cases and controls is crucial to the inter-
pretation of the findings and bias may have been in-
troduced by the selection process used in this study.
If, for example, non-compliance was associated with
high-risk behaviour, differences between cases and
controls will have been diluted, Compliance rates of
seropositive and seronegative subjects in the pop-
ulation survey were, however, very similar and the
refusal rates for the case—control study were similar
for both groups.

The main findings of this study were an increased
risk of HIV-1 infection associated with a greater
number of lifetime sexual partners, a history of
genital ulcers, recent marriage and not being a Mus-
lim. That the risk of infection rises with increasing
number of lifetime sexual partners has been shown
elsewhere [3,8]. However, having only one sexual
partner does not guarantee protection from infec-
tion; six of the 55 female cases and one of the 64
male cases reported only one sexual partner. Of the
six female cases, three had HIV-positive husbands,
one was 2 widow, one was separated and one had
an HIV-negative husband, The only male case re-
porling one sexual pariner had a seronegative wife.

In those aged < 25 years who reported a high num-
ber of lifetime sexual partners, the risk of infection
is considerably increased compared with those aged
>35 years reporting the same number of partners.
It is likely that the majority of partners reported by
those aged 235 years concern sexual relationships
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in the more distant past before the advent of the
present epidemic.

The absence of a refationship between the reported
number of sexual partners in the past 12 months and
Hiv-1 infection suggests that recent behaviour does
not necessarily reflect behaviour in the period prior
1o infections, Data currently being collected from
newly infected individuals should help to determine
sirch associations more precisely,

Since all 23 Muslim men and only three (3.3%) non-
Mustims had been circumcised, it was not possible
to study directly the effect of male circumcision on
HIV-1 infection because of the confounding factor
of Islamic religion. However, adjustment for other
behaviour variables did not alter the effect of refi-
gion. The reduction in risk of HIV infection amongst
Muslims in comparison with non-Muslims suggests a
protective effect of male circumcision. There could,
however, be other factors that may account for this
finding and differences in lifestyle should not be
ruled out. A review of currently available evidence
on lack of male circumcision as a risk factor for STD
including HIV infection concludes that there is a
need for more studies before firm conclusions can
be drawn {9].

The collection of sensitive data such as sexual histo-
ries continues to be a problem [10]. Comparison of
the interviews by the social scientist with those con-
ducted by the physician showed good agreement
for quantitative questions such as numbers of sex-
ual partners, although this might have been due to
the closeness of the two interviews, There was, how-
ever, significant under-reporting by the physician on
questions regarding rape and sexual intercourse dur-
ing menstruation. Men reporting sex with a menstru-
ating partner were found to be at an increased risk
of infection.

In Uganda, and Africa in general, swhere AIDS affects
the general heterosexual population [11], a very high
proportion of adult transmission of HIV-1 infection
is likely to be through heterosexual contact. There
was no suggestion of risk due to non-sexual factors
in this study.

Elsewhere, we have shown a high risk of infec-
tion in recently married women and we suggested

that marriage in younger people equates with hav-
ing recently begun sexual activity {6]. In this paper
we have shown that having only one sexual pantner
does not guarantee protection from infection. These
observations fit the dynamics of an STD widely dis-
tributed in the general population, where individuals
are at risk of becoming infected through their first or
only partner. In such settings risk reduction strate-
gies should, in addition to the promotion of partner
reduction, place strong emphasis on the promotion
of safe-sex techniques.
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This report explores the hypothesis that the presence of HIV infection in
rural south west Uganda is associated with socioeconomic status and
gender. As part of an ethnographic, medical, and serological survey in 15
villages in Masaka districi, population 9,950 persons, data were collected
on a series of possible socioeconomic indicators. Serological specimens
were collected from all consenting individuals for the determination of
HIV serostatus. In five selected study villages, there was a good correla-
tion between wealth rankings made by selected local residents and four
socioeconomic indices, namely, type of dwelling, available land size,
ownership of cattle, and an index of houschold items. These indices were
applied to the full data set to rank the households in all villages. The
resulting ranking was maiched against HIV-1 status of household heads
and, subsequently, their first-degree relatives. Analyzing the data from
the 15 villages combined, there was evidence from all four indicators that
both male and female heads of the poorest households were most likely to
be HIV positive. The increased risk of HIV infection of the poor may be
due in part to the income-generating strategics they adopt to survive,
[Uganda, HIV infection, socioeconomic status, gender, rural population]
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Introduction

( jomparatively little is known about the dynamics of HIV-1 transmission in
rural populations in developing countries. Much of the research in Africa
has focused on urban populations, but there is, as yet, little understanding

of the occurrence and distribution of risk factors in rural populations in the region.

Various urban studies have advanced hypotheses on risk groups. Some have argued

that it is the well-educated professional classes who arc particularly at risk (Ryder

et al. 1990). Others (for example: Aden et al, 1987; Alderman 1988; Brokensha et

al. 1988, Carswell 1987; De Zalduondo 1991; Okware 1987, Pickering et al. 1992;

Piot ct al. 1987; Saimot et al. 1987) have identified specific occupational groups in

East and Central Africa as being at high risk of infection, notably prostitutes, truck

drivers, and migrant workers in mines. This tendency to associate HIV’s modes of

transmission with “risk groups™ rather than “risk behaviors™ has arisen because of
the difficuities in observing individual behavior. Social groups who share certain

characteristics are often easier to study than individuals {Frankenberg 1989:35},

and when considering risk modification strategies, “groups™ provide an attractive

target for interventions and cducation messages. Individuals may only follow
certain behavior patterns for brief periods, which would not qualify them for
inclusion in an occupational or social “risk group.” In a country such as Uganda,
where HIV-1 infection has spread well beyond the “traditional” high-risk occupa-
tional groups, such as truck drivers, bar girls, and soldiers, into the general
population, it is important to look at risk behavior and the social and economic

circumstances that determine behavior patterns. Under what circumstances may a

person be at risk?

A number of commentators have characterized AIDS as a “disease of poverty,”
implying that the circumstances associated with poverty may make a person
vulnerable to HIV infection. Some studies in the United Statcs have shown a link
between poverty and HIV transmission for both males and femles (for example,
Conway et al. 1991; Krueger et al. 1990). These studies conclude that the impov-
erished are at increased risk for HIV infection because of their social and physical
circurnstances, which include poor access to risk-reduction information and less
support for change to safer behaviors, Garrison (1988) attributes the increasing
numbers of urban poor (both male and female) affected by AIDS in Brazil to their
lack of access to public health services.

The particular vulnerability of women (o HIV infection hus been the subject
of a number of studies (for exampie, Bassett and Mhloyi 1991; Carovano 1991;
Kisekka [990; Schoepf 1988). In 1989, the Society for Women and AIDS in Africa
used the phrase “triple jeopardy” to describe the dangers women face as individuals,
mothers, and caretakers in the face of the AIDS pandemic (Panos Institute 1990},
Ankrah comments that the “low status and powerlessness of the African woman
have been identified as leading contributors toward their vulnerability to HIV
infection” (1991:971), Rwabukwali et al. (1991), in a study of women in Kampala,
Uganda, found that the income of women was a significant predictor of HIV status
in their study population of 65 HIV-infected and 65 HIV-uninfected females
between the ages of 15 and 30 years. Women with incomes regarded as high,
ranging from $12 to $20 a month, had the lowest chance of being HIV infected.
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Two-thirds of the women stated that women have boyfriends for economic reasons.
Men were thus characterized as the “rich” providers.

This report describes research carried out by the Medical Research Council
(UK} Programme on AIDS in Uganda (MRPA), The primary aims of the Pro-
gramme arc to study the dynamics of HIV-1 transmission, the natural history of
HIiV-associated discase, and strategies for AIDS control in a rural population, The
study area is a rural subcounty in Masaka District, two hours' drive southwest of
Kampala. Most of the population are Baganda, living in dispersed settlements and
small trading centers and farming bananas and coffee. The study population is made
up of the inhabitants of a cluster of 15 neighboring villages with a total population
of approximately 9,950, about half of whom arc over 13 years of age.

There is a popular belief in this arca that poor women, especially those who
are separated, divorced, or widowed, are at particular risk (as well as being a
particular cause of risk) for HIV-1 infection. It is recognized that they must shoulder
the responsibilities for providing food and other household necessities without the
help of husband and lineage members. One of the common survival strategies is
believed to be providing sexual services in return for cash or goods to support
themselves and the family. In the study area, women without husbands who make
a living from perty trade, hiring out their labor, and beer brewing or selling are
called nakyeyombekedde, which can be literally transiated as “I built my own
house” {a similar category of women is described by Mandeville [1979) and Obbo
[1976, n.d.]). The term nakyeyombekedde is also considered by local people to be
synonymous with “prostitute.” If such women supply sexual services, the implica-
tion is that there are men in the viilages who can afford to pay them or have *“favors™
in the form of goods to spare.

The aim of this study, in the light of this local belief, is to test the hypothesis
that HIV-1 infection in south west Uganda is associated with socioeconomic status
and gender, with poor women and rich men being particutarly at risk.

Methods

As part of an cthnographic, medical, and serological baseline survey in the 15
villages, information was collected from a total of 1,806 households (household is
taken to mean people who share cooking and eating facilities; members may be
ternporarily resident elsewhere). The aim of the survey was to provide a profile of
the study population and data to assist in generating hypotheses. Two social
questionnaires were administered, one to household heads on household socioeco-
nomic status and one to all adults (13 years or more) on individual socioeconomic
characteristics, followed two to three weeks later by a medical history and exami-
nation that included collection of a bleod sample for the determination of HIV-1
serostatus. Sera were examined in the Uganda Virus Research Institute faboratory
in Entebbe and serostatus was determined by two independent ELISA assays and,
where necessary, confirmation by Western blot. Qualitative data on sexual behavior
were provided by focus group discussion groups of women and men in the survey
villages.

Although a considerable amount of gencral data on the socioeconomic cir-
cumstances of houscholds were obtained, the interpretation of these data was
difficult. This was partly because reliability of answers to questions on landholdings
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and crop production was poor as people prefer to hide this information because of
fear of taxation. Many people had only a general idea of harvests and the buying
and seiling of farm products over a year or were reluctant to disclose the details for
the benefit of the survey, Neither education nor employment status was found to
be a reliable indicator of economic status because in present day Uganda most
salaries are so low that purchasing power is very limited.

The problem of determining which survey indices of wealth are valid indica-
tors of the economic status can be overcome in part by using a community’s own
criteria for assessing weaith rather than referring to external standards of wealth or
income. This method, calied “wealth ranking,” was adapted (rom Grandin (1986)
and was used to identify appropriate economic indicators.

Informant wealth ranking is based on a card-sorting technique in which the
name of the household head is written on a small card, and informants are asked to
sort the cards according to the wealth of each household. The method is detaiied in
the appendix.

For this study, five of the 15 villages in the study area were randomly selected.
One or two local residents were chosen based on previous contacts from these five
villages. These informants then ranked houscholds in their villages into four or five
levels. This ranking was then used to select the best-fitting variables included in
the socioeconomic baseline survey.

The following variables were selected as socioeconomic indicators: (1) malte-
rials used in house construction—grass only, mud and watile with grass roof, baked
bricks with grass roof, mud and wattle with iron sheet roof, buked bricks with iron
sheet roof or tiled roof; (2) the total land acreage available for cultivation (the
kibanja); (3) a household item index—the ownership of each item (a jerry can for
carrying and storing water, a pot for boiled water, a dish-drying rack, bed(s), a radio
or radio cassetie, a bicycle, and a motorized vehicle) being one point on the index
with a total score of 7, with the few owners of motorized vehicles automatically
given a score of 7 because the ownership of the vehicle was a clear indication of
wealth; and {(4) ownership of cows, ‘

Heads of household were classified by each of the four selected indices and
by HIV-1 serostatus. The data were analyzed to investigate associations between
each index and serostatus separately for male- and female-headed households.!
Subsequently, similar analyses were performed for first-degree relatives of house-
hold heads. The analysis of first-degree relatives was performed separately for
spouses of heads of household, usually female, and male and fernale adult children
(13 years or more) of heads of household (recognizing that associations might well
be different for spouses and children of different age groups). There were too few
parents of heads of household in this category to analyze.

Tests for association (using the EPIINFO statistical package) were performed
using a chi-square trend test. Subsequently, the data were analyzed using a multi-
variate logistic model (EGRET package), with seropositivity as the dependent
variable. Significance was assessed by the Likelihood Ratio Statistics test (LRS).
In addition to the selected sociceconomic index, the independent variables included
were age, sex, an age-sex interaction term, and a wealth-sex interaction term.
Additional explanatory variables included the number of persons living on the
kibanja, the available acreage per person, and as a measure of mobility, the presence
of a bicycle or motorized vehicle in the houschold.
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Results

Survey data were obtained from 1,806 houscholds in five villages including
9,950 people. Atotal of 5,278 (53.7 percent) were adults, and of these 4,494 (85.1
percent) answered the individual sociocconomic questions. Information on both
socioeconomic data and an unambiguous serostatus is available for 3,809 (72.2
percent) of the de jure adult population, including 1,543 heads of houschold, The
overal] prevalence of HIV-1 infection in the adult population was 8.2 percent and
in heads of houschold was 9.8 percent (10.2 percent for males, 8.9 percent for
females).

In each village, wealth-ranking scores comelated with most, if not ali, the
sociceconomic indices (Table [). Thus in village E, the proportions of houscholds
with an iron sheet or tiled roof were 95 percent, 80 percent, 38 percent, and 27
percent by decreasing wealth rank (p <.001 for trend).

Heads of Households

The results of the univariate analysis of associations between cach of the four
selected indices and the scrostatus of male and female heads of households are
shown in Table 2. The direction of the association between each index and
seropositivity is the same for both males and females; the poorer the household,
the more likely it is that the head of the household is seropositive. Thus for male
heads of houscholds living in houses with houschold item indices less than 4,
prevalence rates were greater than 10 percent. For those with higher indices, the
rates were 9.4 percent, 7.5 percent, and 6.7 percent, respectively. A similar trend
was observed among the female heads of households. For three of the four
socioveconomic indicators, the inverse association between wealth and seropositiv-
ity is statistically significant (range 0.02 < p < 0.002, both genders combined); the
exception is for ownership of cows (p <.2).

In further analysis, each of the three indices was inversely related to seropo-
sitivity even after adjusting rates for age, gender, and the age-gender interaction.
Since no interaction was detected between gender and household item index, there
was no evidence to suggest that the relationship between seropositivity and the
household item index is different for female and male household heads.

The presence of a bicycle (or motorized vehicle) in the household was
inversely associated with HIV-1 seropositivity, an effect independent of the value
of the household item index, suggesting that mobility did not confound the
retationship of econamic status to seropositivity.

In contrast 1o the findings on land available per household, there is no
suggestion that the amount of land available per person is associated with seropo-
sitivity.

First-Degree Relatives

Female Spouses of Heads of Households The trends in seropositivity with
socioeconomic indices observed in first-named wives (that is the first one to be
listed by the head of household when the census was being taken, often but not
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TABLE 1
Four socigeconomic indices and wealth ranking by local residents for five villages.

Village Index® Wealth ranking®
1 2 3 4 5
A Iron or tited roof {%) 18 42 51 76 83
Kibanja size (median} 2 3 2 3 5.5
Houschold item index {mean) i.9 25 3 4.2 4.7
Ownership of cows (%) 6 8 3 16 33
Number of houscholds (n a2 (37} (25) {6)
B tron or tiled roof (%) 19 17 44 65 53
Kibanja size (median) 2 2 2 4 2
Household item index (mean) 2.5 2.8 3.3 3.4 4.5
Ownership of cows (%) 12 3 9 24 5
Number of households (26) (30) (34) a7 (9
C Iron or tiled roof (%) 21 17 50 71 62
Kibanja size (median) 1 1.5 55 4 4.5
Houschold item index {mean) 2.4 28 2.6 3.9 4.7
Ownership of cows (%) 0 o 0 19 44
Number of households {19) (12) (8) 1y (34
b Iron or tiled roof (%) 5 94 71 80
Kibanja size (median) 2 3 i0 i0
Household item index (mean) 23 4 4.4 54
Ownership of cows (%) 3 13 50 40
Number of households (40) 47 (i4) {5)
E’ Iron or tiled roof (%) 27 k] 80 95
Kibanja size (median) I 2 4 6
Household item index (mean) 2.9 37 4.4 5.2
Ownership of cows (%) 0 9 20 35
Number of households (30) {453 (25) {20)

AIndex items correlated significanily with wealth ranking (0.05 < p < 0.001) except for
ownership of cows in villages A and B, and land size in village B. '

*Wealth ranking ranges from S, wealthiest, to 1, poorest, cxcepl lor villuges D and E,
which were ranked on a 4-point scale so that 4 was the wealthiest and | the poorest.

always, the favorite wife) were in the same direction and were similar to those of
their husbands.

Adult Male Offspring of Heads of Households Staying with Their Parents
Data were available for 516 adult sons of heads of houscholds living with their
parents. There were no seropositive males under the age of 20 years in this group;
thus only the 129 males aged 20 or more were included in the analysis, Of those
males, 17 (13.2 percent) were seropositive; there was no suggestion of an associa-
tion between seropositivity and any of the socioeconomic indices.
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TABLE2
Socioecanomic indices of household wealth and serostatus of head of household.

Male houschold head Female household head

Index Total  Scropositive  Total  Seropositive
N N (%) N N (%)
Type of house
Grass or mud, waltle and grass 514 (8 13.2 158 17 108
Mud, wattle and grass with iron or
bricks 402 29 7.2 194 14 7.2
Brick with iron or tile roof 149 {5 10.1 5 4 7.3
Kibanja size (acres)
<1 298 32 10.7 138 12 8.7
2 249 36 14.5 107 14 13.1
3 156 18 115 60 4 6.7
4 118 8 6.8 31 4 129
5-9 179 10 5.6 39 ! 26
210 86 4 47 27 | 37
Household item index
Oorli 100 10 10 58 W 172
2 218 27 12.4 114 8 7
3 282 35 124 128 I 8.6
4 ' 244 23 94 75 6 8
5 159 12 7.5 28 ] 36
Gor7 105 7 6.7 17 ] 59
Ownership of cows
No 951 102 10.7 394 36 9.
Yes 157 i2 7.6 26 ] 38

Total number of household heads per index varies because of incomplete data,

Adult Female Offspring of Heads of Households Staying with Their Parents
There were 481 daughters of heads of household living with their parents and with
serological results available. One of the 193 aged 13 to 15 years was seropositive
as were 5 (4.3 percent) of the 116 aged 16 to 19 years. The positivity rate in those
aged 20 years or more was 18.8 percent (30 of 160). In this age group, the highest
rates, 27.5 percent of 40, were in those from the poorest households as measured
by the houschold item index. This compares with 18.9 percent of 74 and 10.9
percent of 46 in the comparatively wealthier groups (p < .05 for trend).

Villagers' Views
In addition to the quantitative data, complementary qualitative data were

obtained from two sources, namely, cornments on the wealth ranking provided by
the villagers who carried it out and data from focus group discussions dealing with
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sexual behavior in the villages. These findings shed some light on the quantitative
findings of this study.

The following comments are typical of those made about household heads of
lower economic status by the villagers who participated in the wealth-ranking
exercise: '

Her land is very small, and she has no source of income except the men who come
to fove her.

She has no land: she looks for jobs in the village and runs up and down for men
to help her financially.

‘He doesn’t cultivate his land: he spends all his time brewing beer and moving
round the villages,

Brewing alcohol (particularly waragi, a distilled spirit that keeps and can be
stored for sale, unlike beer which has to be consumed rapidly before it spoils) is a
popular local income-generating activity for persons without enough land or in need
of extra cash. Brewing is especially common as an income earner for separated or
widowed women, and members of the study community sec it as a cornmon form
of income-generating activity for the nakyeyombekedde. Places where beer and
waragi are drunk are associated in peoples’ minds with places of sexual license,

Alcohol was frequently mentioned in the focus group discussions as a cause
of people engaging in careless sex. In the discussions, women eriticized men who
drink heavily for wasting their money, money that could have contributed to the
household budget and, hence i the context of this study, improved their socioeco-
nomic status,

When discussing why certain people had not changed their behavior, one
middle-aged woman observed that sex is often part of an exchange relationship:

In this village there are some people who do not have enough food, and there is a
youth who has plenty of food but no wilc . .. so people go to him for [ood and
give him sex. When you see that youth, he is not fit to be loved by those women,
but because of food he loves them.

Both married and unmarried women cited the risky behavior of adolescent
girls who live with their parents and want dresses and cosmetics but have no access
to the household cash; therefore, they seek lovers to supply them with the fancy
goods they want, One woman explained:

Some parents make their adofescent children work with them in their farms. When
it comes to seiling produce, they claim all the money leaving nothing for the
children, ... This forces them [the children} to look for altermative means of
survival,

Another said, “men go with young girls; they entice them with money, and the
poor girl gives in.”

The desire for material gain from sex, according to the discussants, operated
on two levels: the adolescents giving sex in exchange for fancy goods, and the
women with families who.use sex to get necessities for day-to-day living,
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Discussion

The wealth-ranking techrique proved to be a relatively simple method of data
collection for assessing households and for providing useful data on community
stratification within the setting of the study. There are, however, a number of
limitations to the method. First, the wealth-ranking exercise was not independent
of the indices selected from the survey data. The criteriamost frequently mentioned
by the wealth-ranking respondents themselves were also indices collected in the
sociocconomic questionnaire. Second, the selected indices arc relatively insensitive
to changes in the socioeconomic status of the households. The permanent brick or
block house, for example, may not necessarily demonstrate current prosperity; it
may be the legacy of a wealthier past. The houschold-item index is probably the
index most likely to reflect current wealth: the more items a household had
accumulated, the wealthier it appeared to be; no record, however, was made in the
survey of whether the items were functional. The question on ownership of cows
required a simple yes or no answer. A loss of wealth could not be measured if, for
example, the number of cows owned had been drastically reduced, Likewise, for
ownership of land, no account was taken of how productive the land in use was.
Third, the method measures houschold wealth, not individual wealth, In our
analysis, we have assumed that heads of houschold will be more likely than other
members 1o reflect the “wealth™ of a houschold and that first degree relatives,
spouses and children, will also reflect household wealth but to a lesser extent. This
may not be the case.

The results of this study suggest that poverty leads to a greater risk of HIV-]
infection for both male and female heads of household, The infection of males and
females is obviously interrelated, and the vulnerability to infection of the poor men
may be linked to the risk of infection in their partners, Such a situation would occur
when a woman adopts an income-generating strategy such as brewing and selling
alcohol coupled with the provision of sexual services to provide a cash income.
Our qualitative data suggest that alcohol manufacture is onc means by which the
poor seek to increase their incomes, and alcohoel consumption may keep some men
and women in poverty and at increased risk of “careless” sex.

Among first-degree relatives, adult daughters belonging to poor households
appear to be at increased risk of HIV-1 infection. The apparent greater risk of the
female offspring of heads of household staying with their parents would seem to
support part of the original hypothesis that suggested that poor women, because of
the strategics they adopt to survive, are at an increased risk of infection, Analysis
of the data on the male offspring of heads of household, who often engage in petty
trade to carn some cash income, did not reveal an association between seropositivity
and any of the socioeconomic indices.

A possible means of infection for the poor men would be through travel.
Studies of mobility in the study population have shown that scropositivity is
associated with distance travelled (Malamba et al, 1991), Our data indicate,
however, that this does not hold for the poorest men or women.

The current seroprevalence rates are the accumulation of ten years or more of
exposure of the population to HTV-1, an exposure that has only in the most recent
years begun to make its mark., We cannot exclude the possibility that, to some
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extent, HIV-1 infection has been the cause of the observed association between
poverty and HIV-1 infection.

The results of this rural study suggest that both women and men of low
socioeconomic status in the study area are at greater risk of HIV-1 infection than
people of higher status. There is probably no simple association between any one
factor of poverty and risk of HIV-1 infection. It is likely, however, that there is a
link between an individual's lack of access to resources and the economic strategies
adopted to survive and to support a family.
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1. The headship of the houschold usually belongs to the person who has cither
inherited, bought, or been given the land. Thus female heads ol houschold may have inherited
land from their ather or been given lund by their fathers or brothers on the breakup of their
marriages, or when they became widows. The woman is often sent away from her dead
husband’s land, the land passes to his clan members, which may include the woman's
children, who are members of the father's not the mother's clan.
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Appendix

The Wealth-Ranking Technique

1.

[ N

The chosen community needs to be of such a size that the local informant
can identify the majority, if not all, of the named households. For this, a
community of 100 to 150 houscholds is the best size, which for this study
coincided with village size.

. ‘The local concept of wealth is discussed with scelected members of the

community. Does “property,” for cxample, mean more than wealth? The
local vernacular terms need o be identified so that onc cun check that all
informants use the same criteria and terms are translated in the same way.

. The village census list should be checked to ensure completeness and to

note recent changes; the death of a household head, for example, may mark
the transition of a household from one wealth category to another,

. The confirmed list of household names is transferred to cards and numbered.
. Informants are then chosen, preferably two or more per community, who

know the community weil. It is an advantage if they are from different
sections of the community so that the knowledge can be complementary.
The cards are given to the informants to sort in private. Each informant
shouid be left to decide the number of categories to be used. If, however,
one category (usually the middie one) has many more cards than the others
(say, over 40 percent of all cards), the informant can be asked if it is possible
to divide that category into two. The households not known to the informant
should be put in a separate category. In this study, the informants (who were
all literate in Luganda, the main local language) found it uscful to note for
cach houscholder why they had put them in a particular category. Notes are
a considerable benefit since the next stage is to go through the ranking with
the informant and to discuss the differences within each category.
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Chapter 3.1

Sercoprevalence and Incidence of Sexually Transmitted Diseases in
a Rural Ugandan Population.

Wagner HU, Van Dyck E, Roggen E, Nunn AJ, Kamali A, Scott Schmid
b, Dobbins JG, Mulder DW.

International Journal of STD & AIDS 1994, 5:332-337.
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ORIGINAL ARTICLE

Seroprevalence and incidence of
sexually transmitted diseases in a
rural Ugandan population

H U Wagner MD MPH!, E Van Dyck?, E Roggen %, A J Nunn MSc,
A Kamali MB ChB MPH'?, D Scott Schmid PhD?, ] G Dobbins PhD*
and D W Mulder MD Msc!

\Medical Research Council (UK) Programme on AIDS in Uganda, Enlebbe,
2Departiment of Microbiology, Prince Leopold Institute of Tropical Medicine,
Antwerp, Belgium, 3Uganda Virus Research Institute, Entebbe, *Viral Exanthems and
Herpesvirus Branch, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

Summary: The aim of the study was to determine in a rural population the age-
and sex-specific prevalence and incidence rates of serological reactivity of 5 common
sexually transmitted diseases (STDs) and their association with HIV-1 antibody
status.

Of the adult population of two villages (529 adults aged 15 years or more) 294
provided an adequate blood specimen both on enrolment and at 12 months,
The sera were tested at 3 collaborating laboratories for antibodies against HIV-1,
Treponema pallidum, Haemophilus ducreyi, Chlamydin trachomatis and herpes simplex
virus type 1 (HSV-1) and type 2 (H5V-2). A sample of 45 children were tested for
HSV-1 and HSV-2.

Seroprevalence rates in adults on enrolment were 7,8% for HIV-1, 10.8% for active
syphilis, 10.4% for H. ducreyi, 66.0% for C. frachomalis, 91.2% for HSV-1 and 67.9%
for HSV-2. Males were significantly more likely than females to be seropositive for
H. ducreyi (15.6% versus 6.6%)}, but less likely to be HSV-2 antibody positive (57.0%
versus 74.4%). Reactivity to H. ducreyi, C. trachomatis and HSV-2 rose with increasing
age. In contrast, active syphilis showed no age trend. All 5TDs tended to be more
common in those HIV-1 seropositive. Incidence rates over the 12 months were nil
;or HIV-1, 0.5% for syphilis, 1.2% for H. ducreyi, 11.3% for C. trachomalis, and 16.7%

or HSV-2, -

The results of this exploratory study indicate that all STDs included are common
in this rural population. The high HSV-2 prevalence rate among adolescents suggests
that HSV-2 may be an important risk factor for HiV-1 infection, HSV-2 serology may
be a useful tool to monitor sexual behaviour interventions in young people.

Keywords: Sexually transmilted diseases, HIV-1, serology, rural population, Uganda

INTRODUCTION

It has been shown among groups with high risk
behaviour, such as commercial sex workers and
their clients, that the risk of HIV transmission
can be enhanced in the presence of other sexually
transmitted diseases (STDs)i%. It is not known,
however, how important this interaction is in
facilitating HIV transmission in general populations
where there may be no discernable core groups.
This issue is particularly relevant to the design of

Correspondence to: Dr D W Mulder, Medical Research Coundil
{UK) Research Programme on AIDS in Uganda, PO Box 49,
Entebbe, Uganda

AIDS control strategies in countries where HIV
infection is predominantly transmitted through
heterosexual contact and where, in some areas, the
infection is widely spread in the general population.

It is difficult to measure how common 5TDs are
in general populations, Since large surveys usually
preclude the possibility of genital examinations,
investigators often rely on reported STD symptoms.
However, the reporting of 5TDs tends to be affected
by biases which, in most cases, lead to an
underestimation of the true prevalence and
incidence rates, and the determination of serum
antibodies against some common STDs would thus
help to understand the epidemiology of these
diseases (syphilis, chancroid, Chiamydia irdfection
and HSV-2). While cross-sectional serological surveys
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are relatively cheap and easy to conduct, the value of
such studies is limited because seroprevalence rates
represent a curnulative record of past exposure.
Moreover, the duration of detectable antibody
production after primary infection may vary. Longi-
tudinal serological studies, on the other hand, are
more expensive and cumbersome but allow the
collection of precise data on recent exposure, This
is, among other things, useful for monitoring the
impact of interventions.

This paper presents the results of a prospective
serological study of reactivity to common STDs
among the adult residents of 2 Ugandan villages.
The study was undertaken as part of a research
programme on the population dynamics of HIV-1
transmission in a large rural cohort. The specific
objectives of the serological study were to determine
the age- and sex-specific prevalence and incidence
rates of serological reactivity to Treponema pallidum,
Haemophitus ducreyi, Chlamydia trachomatis, herpes
simplex virus type 1 (HS5V-1) and type 2 {HSV-2),
and to assess their associations with HIV-1 antibody
status.,

METHODS

The general population of 15 neighbouring villages
in Masaka district, Southwestern Uganda, has been
followed since November 1989 through annual
demographic and seroepidemiological house to
house surveys. All residents of the 15 villages were
eligible for study. Details of the survey procedures
have been described elsewhere”®, For the purposes
of the present serological study, 2 groups of subjects
were selected, Of 529 adult (i.e. those aged 15 years
or more) residents of 2 neighbouring villages who
had been enrolled at baseline and were present
one year later (Group A): 294 (56%) provided an
adequate venous blood specimen during both
surveys, To obtain information on HSV-1 and
HSV-2 infection in children, 31 children aged 10-14
years with unequivocal HIV-1 serostatus at both
surveys, and a random sample of 14 children aged
0-9 years resident in the same 2 villages, were
included (Group B).

Following consent, venous blood samples were
drawn and separated into aliquots. Sera were
stored at —20°C until dispatch to 3 collaborating
laboratories, Testing for HIV-1 was performed at the
Uganda Virus Research Institute, Entebbe, Uganda,
for T, pallidum, H. ducreyi and C. trachomatis at the
Department of Microbiclogy, Institute of Tropical
Medicine, Antwerp, Belgium, and for HSV-1 and
HSV-2 at the Viral Exanthema and Herpesvirus
Branch, Centers for Disease Control and Prevention,
Atlanta, USA,

HIV-1 antibody status was determined using
two independent ELISA systems (Recombigen HIV-1
EIA, Cambridge Biotech Corporation, Worcester,
Massachusetts, USA, and Wellcozyme HIV-1
Recombinani, Wellcome Diagnostics, Dartford,
England, UK), and confirmed with Western blot
using Novopath HIV Immunoblot (Bio-Rad
Laboratories, Watford, England, UK) if the ELISA
results were discordant or weakly concordant®. For
syphilis serology a Rapid Plasma Reagin card test
{Macro-Vue RPR Card Test, Becton-Dickinson,
Cooheysville, USA} and a T. pallidum micro-
haemagglutination assay (TPHA, Fujirebio Inc,,
Tokyo, Japan) were used.

Both tests were performed qualitatively and
repeated in a quantitative assay if the qualitative test
showed reactivity. Reactivity to C. frachematis was
determined with a commercial indirect fluorescent
antibody technique (C. trachomatis Spot IF,
Biomérieux, Mercy I'Etoile, France). Serum immuno-
globulin G antibodies to H. ducreyi were assayed in
an ELISA system using an ultrasonicated wheole cell
antigen®10, Reactivities against HSV-1 and H5V-2
type-specific glycoproteins were assessed by Westem
blot technique'l, The laboratories received unpaired
samples and were not informed about subject
characteristics.

To interpret reactivity, we followed the manu-
facturers’ instructions or, for non-commercial
assays, the criteria provided by the laboratory
performing the test. Data analysis was performed
with the packages Epiinfo version 5 and EGRET. The
strengths of associations were calculated as odds
ratios with 95% confidence limits {OR, 95% CL) after

Table 1. Seroprevalence rates (%) of antibodies against HIV-1, T, pallidum, H. ducreyi, C. trachomatis, HSV-1 and HSV.2

by age in 294 adults

Age No.of HIV-1 T, pail.? H.d.* C.tr H5V-1 HS5V-2
group  subjects 294 279 288 288 215 212
15-19 48 21 (1) 42 @ 21 (B 312 (15 94.9 (39) 312 (13)
20-24 42 1.9 () 125 {5} 95 (4) 571 f4) 935 (3) . 782 (23
25.29 40 150 (8) 3.1 (3} 135 (5) 757 (28) %6 (29) 821 (23)
-3 2 91 {2)- 95 (2) 9.5 (2 714 (15) 100.0 (17) 82.4 (14)
35-39 24 4.2 (1) 21.7 (5) 43 (1) 783 (18) 93.8 (1) 81.2 {13)
40+ 118 68 (8) 1.8 (13 14.5 (17) 76.9 (90} 343 (83 70.7 (58)
Total 294 7.8 (23) 10.8 (30} 10.4 (30) £6.0 {190) 91.2 (196} 67.9 {144)

In brackets=number of seropositive subjects
*Bolh RPR & TPHA reactive, *H. ducreyi, <C. trachomatis
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adjustment for age and sex, The chi-squared test
(x?) for linear trend was applied to assess whether
seroprevalence rates showed a significant frend with
age.

RESULTS

Paired samples svere available from 294 adults
(group A) and 45 children {group B), Of the adults
126 (42.9%) were male. Table 1 shows the adult age
distribution,

HiV-1

At baseline, 23 out of 294 adults (7.8%) were HIV-1
antibody positive (Table 1}. Five out of 12 female
seropositives and one out of 11 male seropositives
were younger than 25 years. At follow-up 12 months
later, none of the initially seronegative individuals
had seraconverted.

T. pallidum

Unequivocal results were available from 279 aduits.
Of these, 11.5% were reactive for RPR and 32.6% for
TPHA, All but 2 of those with a positive RPR test
were also reactive in the TPHA test {10.8%) and thus
could be classified as having active syphilis (Table 1).
Rates of reactivity with TPHA and RPR in males
(30.5% and 13.6%, respectively) were similar to those
in females (34.2% and 9.9%, respectively). TPHA
prevalence rates tended to rise with age: 12.5% {6 of
48) in the age group 15-19 years, 20.0% (8 of 40) in
those aged 20-24, 35.1% (13 of 37} in those aged
25-29, and 41.6% (64 of 154) in those 30 years and
older (x* for trend 15.2; P<0.001). In contrast,
co-reactivity to both tests (Table 1) did not show a
significant age trend (32 for trend 2.2; P=0.14). Of
women aged 15-34 years 23.9% were positive by
TPHA, and 6.8% were reactive in both tests, Three
out of 19 HIV-1 seropositive subjects (15.8%) and
27 out of 260 HIV-1 seronegatives (10.4%) were
RPR/TPHA positive (OR 1.6, 95% CL 0.4-5.9).
Of 183 subjects who were initially negative for RFR
and TPHA, 4 (2.2%) sercconverted for RPR, but only
one also became positive for TPHA and could thus be
classified as a certain incident case of syphilis
(Table 2), An additional 5 cases had low TPHA-titres
(1:80-1:320) but remained RPR-negative.

Table 2. Seroprevalence and incidence rates of selected STDs,
and associations between the STD and HIV-1 prevalence rates

HIV-1 T.pall® Hd! Ctf HSY-2
Prevalence (%) 7.8 10.8 10.4 66.0 67.9
Qdds ratio for — 1.6 2,7 15 1.2

assec. with
HIV-1

95% C1

Incidence (%} 0.0

0.4-59 0.9-83 05-44 02-6.2
0.6 1.2 11.3 16.7

“Both RPR & TPHA reactive, *H. ducreyi, *C. frachomalis

H. ducreyi

A total of 288 serum specimens were available for
H. ducreyi serology from adults at baseline. Of these
30 were positive (10.4%), 212 negative (73.6%) and 46
{16%) indeterminate. The age-spedific seroprevalence
rates varied between 2.1% and 14.5% (Table 1),
Males were more likely to be reactive (19 out of 122,
15.6%} than females (11 out of 166, 6.6%), with an
odds ratio of 2,5 (95% CL 1.1-5.0). Of 254 subjects
with negative or borderline resuits at baseline three
(1.2%) seroconverted. All 3 incident cases (2 women
aged 25 and 39, and one man aged 50) remained
HIV-1 negative, Five out of 21 HIV-1 positive cases
{23.8%) and 25 out of the 267 who were HIV-1
negative (9.4%) showed definitive reactivity in the
H. ducreyi ELISA (OR 2.7, 95% CL 0.9-8.3).

C. trachomakis

In adults a total of 190 out of 288 serum samples
{66.0%) were reactive for C, #rachomatis, The
positivity rates were similar in males (77 out of 122;
63.1%) and in females (113 out of 166; 68.1%). The
age-specific rates rose from 31.2% in the age group
15-19 to 75.7% in those aged 25-29 (Table 1; 2 for
linear trend 16.7; P <0.001). In the age groups 15-19
and 20-24 years, rates in females tended to be
higher than in males: 34.5% versus 26.3%, and
66.7% versus 40,0% respectively (OR 2.1, 95% CL
0.8-5.6). Sixteen out of 21 HIV-1 positive subjects
(76.2%) and 174 out of the 267 who were HIV-1
negative (65.2%) showed reactivity against C.
trachomatis, corresponding to an odds ratio of 1.5
{95% CL 0.5-4.4).

Incident cases were defined as those whose titres
were increased by 3 or more dilutions on repeat
testing. Twenty-two fulfilled this criterion out of 194
cases who did not show reactivity or had low titres
at baseline (11.3%). The incidence rates were similar
in males and females, and did not show a trend with
age. Three out of 11 HIV-1 positive subjects (27.3%)
and 19 out of the 183 who were HIV-1 negative
{10.4%) became C. {rachomatis antbody positive (OR
4.3, 95% CL 0.9-19.8).

Herpes simplex type 2

HSV.2 Western blot results at baseline were
available for 212 adults aged 15 years and older
{group A) and for 45 children (group B). In ali, 144
adults (67.9%) and one child (2.2%; an 11 year old
female} were reactive. The HSV-2 seroprevalence
rates among adult females and males were 74.4%
and 57.0% respectively (OR 2.4, 95% CL 1.3-4.6).
The age-specific rates rose steeply between 15 and
29 years of age (x? for linear trend 16.5; P<0.001)
and remained at high levels in older age groups
(Table 1). The rates in female adolescents increased
more steeply and to higher levels than in young
males, In the age-group 15-19, 43.4% of females and
20,0% of males were reactive. In the age group 20-24



47

Wagner et al.  Sercepidemiclogy of 5TDs in rural Uganda

Table 3. Relationship between HIV-1 serostatus and the number
of STDs (syphilis, H. ducreyi, C. trachomatis and HSV-2)
to which serclogieal reactivity was demonstrated

HIV +ve
Number of STDs MNumber assessed No. %
None 32 0 0.0
1-2 151 4 26
34 25 5 20.0

Based on 208 subjects with complete range of test results
x* for linear trend 119, P<0.001

the rates were 85.0% and 54.5% respectively (OR
3.7, 95% CL 1.2-11.7). Eight of 10 HIV-1 seropositive
adults and 136 of the 202 who were HIV-1 negative
(67.3%) were reactive for HSV-2 (OR 1.2; 95% CL
0.2-6.2).

A total of 99 HSV-2 results were available for
adults at one year follow-up. Of 36, subjects who
were HSV.-2 seronegative at baseline 6 (16.7%)
seroconverted (Table 2); all 6 remained HIV-1
negative. There was a suggestion that females were
at a higher risk of HSV-2 infection than males:
4 (21.1%) out of 19 women and 2 (11.8%) out of 17
men acquired H5V-2 antibodies. Two (4.5%) of the
44 children who were initially HSV-2 negative
seroconverted (girls aged 12 and 14 respectively).
In contrast to H5V-2, H5V-1 seroprevalence rates
were high in all age groups and the sex specific rates
were similar. In children 11 (78.6%) of those aged
0-9 years and 28 (90.3%) of those aged 10-14 years
were positive,

There was a significant association between
HIV-1 infection and the number of STDs {syphilis,
H. ducreyi, C. rachomatis and HSV-2) for which a
subject showed serological reactivity (Table 3).
HIV-1 prevalence rates were 0.0% among subjects
without serological evidence of previous 5TD, 2.6%
among those with markers of one or two STDs, and
20,0% among those with serological evidence of
three or four STDs. This trend was significant (x?
for linear trend 11,9, P<0.001),

DISCUSSION

The HIV-1 seroprevalence rate of 7.8% observed in
the adult population of 2 villages was similar to the
overall rate of 8.2% in the total cohort of 15 villages®,
Typically for sub-Saharan Africa, fernales under 25
years showed higher infection rates than males in
the same age group. No HIV-1 seroconversion was
observed in this group. This is not surprising, since
the annual incidence in the total population cohort
was only 1%3.

Most reports on 5TDs in Africa refer to selected
groups such as blood donors, antenatal clinic
attenders, and STD patients. This makes meaningful
comparisons difficult'?, Among the STDs investi-
gated in the present study syphilis has been studied
most extensively in Africal’. Non-treponemal tests
{e.g. RPR) confirmed by a treponemal test (e.g.
TPHA) are believed to provide a reasonably accurate

measure of active syphilis in areas where non-
verereal treponematoses are rare*. Among raral
women attending antenatal and family planning
services in Swagziland in 1981, 10.0% were found
positive for RPR, and 33.3% positive for TPHAM,
Evidence of active syphilis was found in 6.3% of
pregnant women from rural and urban areas of
Mozambique®™ and in 12.8% of rural and urban
antenatal clinic attenders in Zambialé, These rates
are similar to those observed by us among women
aged 15-34 years: 7.8% of these women were positive
by both RPR and TPHA, and 24.4% by TPHA alone.
In contrast to data on prevalence rates of syphilis,
data on the incidence of syphilis in Africa is scarce.
Two studies in Uganda (1976) employed numbers
of sexually acquired syphilis cases diagnosed at STD
clinics to estimate annual incidence rates in the clinic
catchment populations, and the estimated rates
were (.2% In a general semi-urban population!?
and 0.6% in an urban population'®. These rates are
of the same order as suggested by our data, i.e. 0.5%
in the adult population which would correspond to
about 0.3% in the general population, We consider
this estimate to be conservative because it disregards
the 3 subjects seroconverting for RPR without con-
verting for TPHA and 5 subjects who seroconverted
for TPHA but not for RPR. It cannot be ruled out
that these 8 cases included some true incident cases,
ie. those with early syphilis who had not yet
become positive by TPHA or those ireated soon after
infection who had already lost RPR reactivity.

The observation that those who were reactive in
both syphilis tests had a HIV-1 seroprevalence rate
which was higher than the rate in those not reactive
(OR=1.6}, was similar to findings elsewhere in
Africa, e.g. among Cameroonian STD patients?,
There are various possible explanations for this
association between HIV-1 seroprevalence and
syphilis, explanations which would equally apply
to the association between HIV-1 and other STDs.
The association could be true and result from an
enhancing effect of syphilis on the risk of acquiring
HIV-1 infection. It could, however, be spurious and
result from a confounding effect of sexual behaviour,
or alternatively concurrent HIV-1 infection could
affect the serological response to 2sﬂyphxhs which may
be either enhanced or decreased?. The pronounced
trend of an increased rate of TPHA reactivity with
age possibly reflects the cumulative lifetime exposure
to venereal syphilis. In the older segments of the
population it may, however, in part be explained by
an exposure to yaws, a non-venereal treponematosis
which was eradicated in the 1950s.

The seroprevalence rate of 10% of antibodies
against H. ducreyi was similar tof the rate of active
syphilis (11%). Comparisons with other African
populations cannot be made due to lack of data.

*To the best of our knowledge, yaws was eradicated in
Uganda in the 1930s and no cases have been recorded recently
in the study area
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The estimated annual ficidence of infection with
H. ducreyi of 1.2% appears high when compared
with the rate of 3% to 4% observed in a cohort of
prostitutes from Kinshasa®.

High seroprevalence and incidence rates were
found for C, trachomalis, Extra-genital infections ma
have contributed to the high observed prevalence?!
but the age- and sex-specific distribution suggests
that sexual transmission is predominant. The same
argument applies to anti-HSV-2 reactivity with
sharply increasing rates with age among adolescents,
with highest rates of 85% among females aged 20-24
years and 82% in males aged 25-29 years. By
comparison, in a study of 3533 pregnant women in
the UK HSV-2 prevalence rates among black women
born in Africa increased from 0% at age 16 to 40%
at age 352, -

The estimated one year incidence rate of infection
with HSV.-2 (16.7%) was similar to an estimated rate
of 10% per annum reported from a prospective
study of 29 couples discordant for HSV-2 infection
in the USA3, Also in line with that study are
our observations that women and HSV-1 sero-
negative persons tended to have an increased risk
of acquiring HSV-2 infection. In both studies,
however, the numbers were small. The results
strongly suggest that in this population HSV-1
infection is acquired mainly non-sexually, probably
in early childhood. A potentially protective effect
against HGV-2 afforded by prior HSV-1 infection
does not appear to be relevant on a population
basis but may reduce the severity of HSV-2
infection.

Although we observed no seroconversions for
HIV-1 and only a moderately strong association
between HIV-1 and HSV-2 seroprevalence rates,
the high HSV-2 infection rates do suggest a high
potential of interaction between these 2 viral
infections, An increased risk of HSV-2 seropositive
persons for subsequent infection with HIV-1 has
been demonstrated, e.g. in the San Francisco
cohort study of homosexual men?, In view of the
lifelong persistence of H5V-2 infection in the
majority of the sexually active population and of
the increased rate of recurrence of genital ulcers
due to HIV-1 associated immunodeficiency, H5V-2
appears from an AIDS control perspective the most
important and problematic STD in this Ugandan
population,

Finally, the age-specific HSV-2 seroprevalence
rates seern to provide a sensitive measure of sexual
behaviour in adolescents, It can offer a more
objective measure of sexual behaviour change than
self-reporting and thus may be a useful tool for
evaluating behavioural interventions against the
AIDS epidemic.
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Summary

Background. The proportion of HIV infections attributable to the enhancing effect of other sexually
transmitted diseases (STDs) on transmission of HIV is unknown. The primary objective of this study
was to estimate the proportion of HIV infections attributable to the presence of ulcerative and non-
ulcerative STDs in a rural population cohort of 10 000 in south-west Uganda.

Methods: This was addressed by application of a simulation model of the transmission dynamics of
HIV infection and of STDs,

Results; In simulations of the first 10 years (1980-1990) of the HIV epidemic, over 90% of HIV
infections were attributed to STDs. Even given conservative assumptions concerning the prevalence
of STDs, and their enhancing effects on HIV transmission, STDs played a critical role in the rapid
and widespread transmission of HIV infection. The role of $TDs decreases with progression of the
epidemic.

Conclusions: In developing countries, HIV control may benefit substantially from successful STD
intervention programmes, especially where HIV infection is not already well established.

Keywords: HIV, STDs, STD cofactor effect, mathematical model, intervention, Uganda, sub-
Saharan Africa
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Introduction

Why does HIV spread so much more rapidly and extensively by heterosexual transmission in some
poputations than others? This question is fundamental to our understanding of the dynamics of HIV
transmission, and to the control of the HIV epidemic., Many characteristics of populations are likely
to play some part in the way HIV spreads, but are there important overriding factors? The importance
of sexual behaviour mixing patterns and sexuat practises in determining the spread of HIV infection
have been demonstrated in theoretical exercises.” In sub-Saharan Africa, high prevalences of other
sexually transmitted diseases (STDs) have been documented,™ and it is believed this may also
contribute to the spread of HIV, by enhancing sexual transmission of the virus.*'® If this is so then
interventions aimed at diagnosing and treating STDs may provide an important opportunify to reduce
HIV incidence in the population.'"** The exient to which STDs may be contributing to the spread of
HIV infection, and thus the potential impact of STD interventions is, however, unknown.

Direct estimation of the proporiion of HIV infections attributable to STDs through empirical studies
is difficult, since this would require eliminating STDs altogether from a study population, and
comparing the incidence of HIV with a comparable control population. Indirect estimation of the
proportion of HIV infections attributable to STDs at a specific point in time is possible if we have
both an estimate of the prevalence of STDs at that time and a measure of the relative risk of HIV
infection per sexual contact in the presence and absence of STDs (ie STD cofactor effect). Estimation
of the STD cofactor effect per sexual contact is rather difficult from epidemiological studies of
associations between HIV and STDs since: (1} these studies tend to measure associations based on a
history of 8TDs over a prolonged time period (often 6 months or 1 year), which serves to dilute the
actual STD cofactor effect, as the STD will usualty be present for only part of this period; and (2)
it is difficult to fully adjust for the confounding effect of sexual behaviour in such studies.
Furthermore indirect estimation only accounts for primary infections and not those arising from
secondary infections. '

Fitting of a detailed simulation model to a specific rural population in Uganda (NJ Robinson et al,
Modelling the dynamics of HIV infection and other STDs in rural Uganda, submitted), studied by the
MRC/ODA/UVRI Programme on AIDS in Uganda, has provided an opportunity to develop HIV-1
transmission models around one of the most complete and extensive data sets generated from
prospective follow-up of an entire population cohort in a rural community in sub-Saharan Africa. ™"
This paper investigates the role that STDs may have played in the spread of HIV infection in this
population. Under different assumptions about STD cofactor effects, simulated seenarios of this rural
population in south-west Uganda have been employed to address three questions of particufar interest.
Firstly, if there were no STDs circulating in this population, how would HIV have spread during the
years immediately following its intreduction? Secondly, given that an epidemic is already established
and widespread, what role are STDs likely to play in the future transmission of HIV? And thirdly,
and refated to the first two, how does the proportion of new HIV infections attributable to STDs
depend on the phase of the epidemic?
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Methods

A simulation model {Simul-AIDS)* was extended and employed to mode! the transmission dynamics
of HIV infection and STDs in this rural population in south-west Uganda (NJ Rebinson et al,
Modelling the dynamics of HIV infection and other STDs in rural Uganda, submitted).

Simul-AIDS is an age-structured stochastic (Monte Carlo) simulation model. Every individual in the
simulated population (of 10 000) is represented by a set of characteristics, including age, sex, STD
and HIV status, type of sexual refationships and the identity of all sexual partners. At each time step
(in this exercise 5-days), events occur with given probabilities and the status of the entire population
is updated.

The models developed for the study popuiation incorporate fertility, mortality, migration,
dynamically-modelled ulcerative and non-ulcerative STDs (that is with representations of natural
history and probability of transmission of the STDs), and HIV transmission dynamics. Sexual
behaviour is represented by three types of sexual partnerships: one-off sexual contacts, and short- and
long-term partnerships. Men have alt possible combinations of these types of partnerships. Women
either have onty one-off sexual contacts, or have a combination of short- and lopg-term partnerships.
Model and parameter assumptions are described elsewhere (NJ Robinson et al, Modelling the
dynamics of HIV infection and other STDs in rural Uganda, submitted).

The medel was used to simulate the spread of HIV infection in the Ugandan cohort, from its assumed
introduction in 1980, in just a few individuals, up until the first survey of the cohort in 1990, Values
for parameter inputs were chosen on the basis of data from the cohort and, where necessary, from
other sources. Imput parameters were specified so as to achieve a reasonmable fit to recorded
characteristics of the study population in 1990, including: age structure; profile of HIV prevalence
by age and sex; HIV prevalence among adults of about 9%, and a female-to-male HIV prevalence
ratio of about L.1.

Results are given for two modelling scenarios, defined by assuming different enhancing effects of
STDs on HIV transmission {STD cofactor effects). For one, transmission of HIV infection per sexual
contact was assumed to be enhanced 10-fold during all episodes of ulcerative STDs, and 2-fold during
episodes of non-ulcerative STDs in women, This has been referred to as the "low cofactor scenario”.
A second scenario employed STD cofactor effects of 100 and 5 respectively, This has been referred
to as the "high cofactor scenario”,

For each sceparic, small adjustments to the sexual behaviour assumptions and to the probability of
transmission of HIV were necessary to preserve the fit of the model to the study population in 1990.
Simulated prevalence levels of ulcerative and non-ulcerative STDs in 1990 were about 0.5% and
2.5% respectively among both men and women for the low cofactor scenario, and 0.4% and 1.5%
for the high cofactor scenario. The difference in simulated STD prevalences between the two
scenarios resulted from employing slightly different sexual behaviour assumptions while maintaining
identical parameter values for STD transmission dynamics,

To estimate the proportion of HIV infections attributable to STDs in the first 10 years of the epidemic
{1980-1990), simulations were re-run from introduction of HIV in 1980 without STDs in the
population, but with ali other factors remaining unchanged. The proportion of adult HIV infections
attributable to STDs was then assessed by comparing the cumulative number of adult HIV incident
cases in the presence and absence of STDs. The proportions of infections attributable to ulcerative
and non-ulcerative STDs were similarly assessed by running simulations from 1980 in the absence
of ulcerative and non-ulcerative STDs respectively.
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To estimate the proportion of HIV infections attributable to STDs between 1990 and 2000, the further
spread of HIV infection from the recorded population in 1990 was simulated both in the presence and
absence of STDs, and the number of cumuiative HIV infections compared 10 years later,

To investigate the proportion of new infections attributable to STDs at different stages of the
epidemic, simulations were run for a one year period, in the presence and absence of STDs, from
intreduction of HIV in 1980, and from populations recorded 10 and 20 years after introduction of
HIV. In each case, $TDs were assumed present up to the beginning of these one year periods.

All simulations were replicated ten times. The proportion of HIV infections attributable to STDs was

calculated as 1 - X / § , where § represents the mean cumulative number of HIV infections
assuming presence of STDs, and ¥ represents the mean cumulative number of infections assuming

absence of STDs. A confidence interval for this proportion was derived using the log(-log)
transformation [17]. In this way limits for ¢onfidence intervals were bounded by 0% and 100%.

Results

Table 1 gives the proportion of adult HIV infections attributed to STDs for the low and high cofactor
scenarios during the first and second decades of the HIV epidemic. During the initial 10 years {1980-
19%0), over 90% of HIV infections were attributed to STDs, for both low and high cofactor
scenarios. Ulcerative STDs accounted for the majority of these infections, As illustrated in figures
1 and 2 for the low and high cofactor scenarios respectively, the simulated HIV prevalence in 1990
was considerably reduced in the absence of ulcerative STDs, but there was little reduction when only
non-ulcerative STDs were eliminated. HIV infection spreads more rapidly and levels off earlier for
the high cofactor scenario,

In the 10 years from 1990, about 40% and 80% of HIV infections were attributed to STDs for the
low and high cofactor scenarios respectively (table 1).

Table 2 gives the proportion of new HIV infections attributed to STDs during one year periods, at
various time points after the introduction of HIV. The declining proportion of infections attributed
to STDs with time since introduction of BIV is striking. Durlng 1980, the proportion of HIV
infections attributed to STDs for the low cofactor scenario was 86%. This declined to 17% by the
year 2000, At all times the proportion of infections attributed to non-ulcerative STDs was less than
that for ulcerative STDs.




Table 1: Percentage (95% confidence interval) of adult HIV infections attributed to STDs
in the intervals 1980-1990 and 1990-2000 for low and high STD cofactor

scenarios

Ulcerative Non-ulcerative Both
STDs STDs STDs
Low cofactor scenario
1980-1990 83 (77-88) 9 (3-24) 93 (91-95)
1990-2000 28 (24-33) 6 (2-16) 38 (34-42)
High cofactor scenario
1980-1990 97 (95-99) 2 (0-87) 99 (99-100)
1990-20600 77 (75-79) 6 (1-25) 83 (81-85)
Table 2: Percentage (95% confidence interval) of adult HIV infections attributed to STDs

during 1980, 1990 and 2000 for low and high STD cofactor scenarios

Ulcerative
STDs
Low cofactor scenario
1980 68 (52-83)
1990 22 (16-31)
2000 16 (13-20)
High cofactor scenario
1980 95 (92-98)
1990 71 (66-75)
2000 51 (47-55)

Non-ulcerative
STDs

17 (1-99)
10 (4-20)
3 (1-12)

4 (0-100)
15 (4-50)
4 (0-57)

Both
STDs

86 (78-92)
29 (23-36)
17 (12-23)

100 (98-100)
81 (77-85)
58 (55-62)
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Discussion

Simul-AIDS was developed to facilitate simulation of the transmission dynamics both of HIV infection
and of STDs in populations in developing countries. The motivation for this came from
epidemiotogical data which, by the late 1980s, suggested that $TDs may be enhancing transmission
of HIV and thus possibly playing an important role in the spread of HIV infection. In many
developing countries, where lack of treatment for STDs over many years has resulted in high
prevalence levels of STDs, it has been hypothesised that this nay be an important factor in explaining
the often rapid spread of HIV infection.

By application of Simul-AIDS we have developed a means to ¢xplore the possible impact of STDs
on the spread of HIV. Without yse of simulation models, this is very difficult to study because the
proportion of HIV infections attributable to other STDs depends not only on the STD cofactor effect
and the prevalence of STDs, but also on the way in which HIV and STDs are clustered among the
more sexually active individuals in the population.

The uniqueness of this project, however, results not only from the concurrent modelling of HIV and
S$TDs, but in its focus on a speeific African population, defined by one of the most complete and
extensive data sets generated from prospective follow-up of an entire population cohort in sub-Saharan
Africa (NJ Robinson et al, Modelling the dynamics of HIV infection and other STDs in rural Uganda,
submitted), Data from the first survey in 1989-90 were used to guide input parameter values. Data
from subsequent follow-up of the study population has been used to further assess the fit of the
different scenarios.

Even for this well-defined population there were many unknowns relating to demographic features,
sexual behaviour characteristics and dynamics of both HIV and of STDs, It is therefore difficult to
conclude that a particular modelling representation truly reflects reality. At best, we can report that
particular modelling representations replicate a range of documented characteristics from the study
population very well, Continued surveiifance of the study population will allow for further evaluation
in due course,

Since STD cofactor effects per sexual contact are unknown, three scenarios were developed, defined
by assuming different enhancing effects of STDs on HIV transmission. The two scenarios discussed
here were both able to replicate recorded characteristics of the study population in 1990, However,
the high cofactor scenario was more consistent with our current understanding of input parameter
values.'™® For a third scenario assuming no enhancing effects of STDs on HIV transmission,
empirical results from the study population could not be replicated for reasonable input parameter
values (NJ Robinson et ai, Modelling the dynamics of HIV infection and other STDs in rural Uganda,
submiitted). Only the high cofactor scenario could replicate evolution of the HIV epidemic in the study
population during subsequent years of follow-up.'*

In these simulated scenarios STDs played a critical role in initiating the spread of HIV infection, even
though prevalence levels of STDs in 1990 among adults were not assumed to be particularly high.
These results are consistent with other modelling exercises that have incorporated the dynamics of
STDs as well as of HIV infection,?®?' The role played by STDs in the spread of HIV infection
decreases with progression of the HIV epidemic, a consequence of the spread of HIV into the less
sexually active population, where STDs are less prevalent,

In these simulations, non-ulcerative STDs played a minor role compared with ulcerative STDs, even
though the prevalence of non-ulcerative STDs was 3-5 times higher. This resulted from the low
cofactor effect assumed for these STDs. If either the cofactor effect or the prevalence of non-
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ulcerative STDs are increased, and both may be reasonable, the proportion of HIV infections
attributable to non-utcerative STDs increases.®

When botht STDs were removed from the population prior to introduction of HIV, the size of the
epidemic was substantially reduced. For the high cofactor scenario, there was no sustained epidemic
in four of the ten repetitions. HIV was maintained in the population in all repetitions for the low
cofactor scenario.

These resuits emphasise the potential value of STD control measures, especially if taken at the earliest
stages of the epidemic, even before HIV infection is acknowledged in a commuaity, The likely impact
of such measures in limiting the scale of HIV epidemics should strengthen the resolve of the
international community to find resources to undertake and implement STD controf programmes in
atl populations where STDs are prevalent, and not only those in which HIV infection is already
established and widespread.

Sadly, in many parts of sub-Saharan Africa, the opportunity for early intervention is passing. In many
parts of Asia, however, the early implementation of rigorous $TD control programmes is still
possible. This may help control the potentially explosive HIV epidemics that are forecast for this
region.
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ABSTRACT

We conducted a prospective cohort study to determine the post-
natal incidence of and possible transmission routes for HIV-1
infection in rural Ugandan children. The cchort consisted of the
population of a cluster of 15 villages in Masaka District,
south-west Uganda, and was enrolled in 1989-90 through a
demographic and serological survey. During the period 1991-93 the
population was re-surveyed annually. A total of 5,492 children
aged 0-12 vyears were enrolled; of these, 41 (0.7%) were
seropositive infants. A total of 3,941 (72%) children were HIV-
negative on enrolment and had at least one follow-up specimen.
During 8596 person years of observation only 1 seroconversion was
observed, an incidence rate of 0.12 (95% CI 0.00-0.35) per 1,000
vears of observation. The transmission of HIV was most probably
through breast milk. The case corresponds to a rate of 1.1 per
1,000 in households with one or more HIV-positive adults (874
years of observation); no incident case was observed in
households with only seronegative adults (6,423 vyears of
observation). Thus, HIV infection among children aged 0-12 years
in this population is virtually exclusively the result of mother-
to-child transmission., No infections were observed attributable
to parenteral exposure, non-sexual casual or household contact,
or insects.

Keywords: HIV-1, incidence, children, prospective cohort, mother-
to-child, household contact, scarification, vectors, rural
population, Uganda
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INTRODUCTION

It only took a few years after the initial recognition of AIDS
to document the three main routes of HIV-transmission, namely
sexual contact with an infected person, parenteral or mucous
membrane expogsure to infected blood and from infected mother to
infant {(Melbye 1986; Friedland and Klein 1987; Quinn et al.
1986) . However, the possibility that HIV might be transmitted by
other routes, notably non-sexual ‘casual’ or household contact
{(for example through skin contact, through saliva by sharing
kitchen utensils, or through body £fluids by sharing toilet
facilities) and through insects, has remained an issue of
widespread concern., HIV transmission through casual contact is
rare in industrialised countries but occasional cases have been
reported {(Gershon et al. 19920; Simonds and Chanock 1993; Dunn and
Newell 1994; Wahn et al. 1986; Anonvmous 1992; Fitzgibbon et al,
1993} .

The 1living c¢onditions in many households in sub-Saharan
countries, with poor sanitary facilities, overcrowding and large
numbers of mosguitos and other arthropods, are very different
from thosge in most households in industrialised countries.
Therefore, if casual or household contact and insect vectors do
play a role in the transmission of HIV, this is more likely to
be observed in sub-Saharan than in industrialised countries. In
addition, in sub-Saharan Africa many injections are administered
by informal health-care providers and it has been suggested that
they may contribute to the transmission of HIV in Africa {Berkley
1991).

We are aware of 7 reports from sub-Saharan Africa which dealt
with the relative importance of HIV transmission through casual
or household contact and parenteral exposure through injections
{(Mann et al. 1986a; Mann et al. 1986b; Sewankambo et al. 1987;
Monny-Lobe et al. 1989; Hira et al. 1990; Hitimana et al. 1993;
Kengeva-Kayondo et al. 1995). Transmission through these routes
was reported for 4 studies (Mann et al. 1986a; Mann et al. 1986b;
Hitimana et al. 1993; Kengeva-Kayondo et al. 1995) while no cases
were reported from the remaining studies. All these studies were
cross-sectional thus making it difficult to ascertain with
reasonable certainty past exposure. This is particularly true
when older children are studlied and when no information is
avallable on the mothers through which vertical transmission can
be ruled out,.

In late 1989 we began a descriptive cohort study of a rural
population in Uganda with the aim of studying the population
dynamics of HIV~1l transmission (Mulder et al. 1994). We recently
reported the prevalence of HIV-1 infection among children
enrolled intc the cohort and discussed the relative importance
of various routes of HIV-1l transmission among these children
{Kengeya-Kayonde et al. 1995). In the present paper we report the
incidence of HIV-1 infection over a three year period among
children aged less than 13 years.
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Study area and population

The area of study is a cluster of 15 neighbouring villages,
approximately one third of the total population of a sub-county
in Masaka District in south-west Uganda, situated 32km from
Masaka town and 1ékm from the trans-African highway at its
nearest point. There are two dispensaries and a health centre in
the area. The nearest hospital is 20km away.

The area is inhabited mainly by farmers who cultivate coffee and
bananas. Compounds are scattered and usually only one family
lives on a compound. The majority of the population are Baganda
(70%) .

Methods

Full detail of the study procedures are given elsewhere (Mulder
et al. 1994). In brief, beginning in late-1989, after mapping the
study villages a census and socioeconomic guestionnaire were
administered to all consenting heads of household. All residents
were included. After 2-3 weeks a medical team visited each of the
households. All adults were invited to participate in the medical
survey while blood specimens were collected from all consenting
adults and c¢hildren aged 0-12 vears. The specimens were
transported weekly to the laboratory of the Uganda Virus Research
Institute in Entebbe where they were tested following rigorous
quality contrel procedures and an algorithm using two different
enzyme immuncassay (BEIA) systems on all specimens {Recombigen
HIvV-1 EIA, Cambridge Biotech Corporation, Worcester,
Massachusetts, USA; and Wellcozyme HIV-1 Recombinant, Wellcome
Diagnostics, Dartford, England, UK). Supplementary testing with
Western blot (WB; Novopath HIV Immunoblot, Bio-Rad Laboratories,
Watford, England, UK) was performed when the EIA results were
discordant or weakly concordant (Nunn et al. 1993; Numn et al.
1994y,

During the period 1%%1-93 re-surveys of the population were
undertaken annually using procedures similar to those at
baseline, and newborns and immigrants to the area were enrolled
together with a nunber of those who were resident at baseline but
absent or refused to comply. To obtain information on possible
ways of exposure to HIV-1 in seropositive children a semi-
structured interview was conducted with their parents or
guardians; the details of the interview procedures have been
described elsewhere {Kengeva-Xayondo et al. 1995)., A counselling
service was available for thoge participants who wanted to know
their HIV status (Seeley et al. 1991}, all staff except the
programme statisticians were kept unaware of the HIV serostatus
of study participants,

Existing software packages were used for statistical analysis.
In calculating person years of observation, subjects were
included from the time they were enrolled with a negative HIV-1
test result until they seroconverted or until the last sero-
negative result before their 13th birthday. Confidence intervals
on incidence rates were calculated using exact poisson inference.
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Regults

At the initial survey there were 1981 households in the 15 study
villages; 1806 (91.2%) of households agreed to be censused with
a total population of 9,780. This baseline population included
4574 chitdren aged 0-12 years (Table} and of these 4161 (91%)
were enrolled. Of 751 births recorded during the first 2 vears
of follow up 496 (66%) were added to the cohort as were 835 (75%)
cf 1111 children who moved into the study area. In all, 5492
children with unequivocal serology results were enrolled; 41
(0.7%) of these were HIV-positive infants who were excluded from
further analysis. Of the children present at baseline 17% left
the area within the following three vears.

Table: Enrolment of children aged 0-12 vears, 1989-92
Group Year Total Enrolled

%
Baseline population 1989-90 4574 4161° 91”
Newborns 1990-92 751 496 66
Joined area 1990-92 1111 835 75
Total 158%9-92 6436 5492 85

' 3623 (79%) of children were enrolled during the initial survey and 538 (12%)
during re-surveys

At the time of the initial survey the overall HIV-1
gseroprevalence was 4.8%; the prevalence among adulte {(aged 13
years or more) was 8.,2%. Among children the age-specific
prevalence for the age groups 0-18 months, 19-60 months and 5-12
yvears was 4.0% (12/298), 1.1% (12/1080), and 0.4% (10/2245)
respectively.

Information on HIV-1 incidence is avallable for 3941 children who
had a seronegative test result on enrolment and at least one
follow up result. Only one seroconversion was observed during a
total of 8,596 person years of observation. This corresponds to
an incidence of 0.12 (95% CI 0.00-0.35) per 1,000 years of
observation.

At the time of the initial survey the father of the incident case
was HIV-1 positive while both the mother and the case, a girl,
then one month old, were seronegative. At the first re-survey
both mother and then one year old daughter were negative. A year
later both had unambiguous positive results. Six months earlier,
when still breast feeding, the mother was EIA positive and had
an indeterminate Western Blot (strong p24; trace gpl6ld, gpdl,
p51) test result. Interview of the parents did not elicit any
risk factor other than breast milk; specifically, the child had
not received a blood transfusion, scarifications or injections
other than those included in the Expanded Programme on
Immunization.
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For an analysis of intra household transmission complete follow
up data on the serostatus of both adults and children in study
households include 7,297 child years of observation: 874 child
vears in households with one or more positive adults and 6423
vears in households with only seronegative adults. The one
observed seroconversion corresponds to an incidence rate of 1.1
(95% CI 0.0 - 3.4) per 1,000 yvears of opbservation in households
with a seropositive adult. No incident case was observed in
households with only seronegative adults,

Discussion

During up to 4 years of follow-up of 3941 children who were HIV-
negative on enrolment we observed only 1 seroconversion. This
very low incidence implies that parenteral transmission of HIV-1
to children in this population must be very rare and confirms
that the risk of transmission through non-sexual casual contact
and through insgect vectors is remote.

The HIV-1 testing algorithm had a sensitivity and specificity
close to 100% (Nunn et al., 1993). While we cannot rule out errors
in ascertainment it is wvery improbable that such errors can
explain the observed low incidence rate. It is also improbable
that selective enrolment introduced bias since 91% of the
children resident at the time of the initial census were
enrolled. Among adults there was no difference in compliance with
re-surveys between those KIV-1-positive and negative, suggesting
that bias due to differential compliance by children is unlikely.
Thus, it seems improbable that bias can invalidate the main
finding of the study, namely a very low incidence rate of HIV-1
infection among children,

The complete absence of transmission to c¢hildren living in
households with only seronegative adults shows that parenteral
transmission is uncommon in this population., As far as
transmission through blood is concerned this is not surprising
since residents of this area rarely receive a blood transfusion
(Kengeya-Rayondo et al., 1995, Malamba et al. 1994). More than
half of the children in this population completed the
immunization schedule of the Expanded Programme on Immunization
and it is reassuring that there was no evidence of transmission
through injections. The risk of using unsterilised syringes and
needles by formal and informal health workers has, however, been
well documented and our observation should on no account serve
as an argument in favour of relaxing sterilisation practices.
Moreover, in urban areas with a higher prevalence of HIV-1 among
adults and better access to medical care the risk of parenteral
HIV-1 transmigsion may well be higher than observed in this
study.

In this population breast feeding is universal. Transmission of
HiIvV-1 from mother-to-child through breast feeding has been well
documented (Dunn et al. 1992; Datta et al. 1994) in particular
in mothers who sercconvert while breast feeding {(Van de Perre et
al, 1991). Infection of the only incident case observed in this
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study can, in our opinion, with virtual certainty be attributed
to breast feeding. Excluding this case, no transmission was
observed in households with one or more seropositive adults. This
provides strong evidence to suggest that HIV-1 is very difficult
to transmit through casual contact in conditions of overcrowding
and poor sanitary facilities. Moreover, since mosguiteos and other
arthropods are common in this area the study provides evidence
that the risk of vector borne transmisgsion is minute if not zero.
During the 4-year period of this study a total of 41 seropositive
infants were enrolled. Our study was not designed to guantify the
rate of mother-to-child transmission and gince these seropositive
newborns were excluded from the analysis it is probable that we
have underestimated the postnatal! transmission through breast-
milk. Thus, apart from mother-to-child transmission HIV-1
infection of children in this population is extremely rare.

Effective risk communication may help to dispell misconceptions
as well as reduce fear and discrimination. Understandably, for
many people 1t is hard to believe that a virus that is spreading
rapidly is not easily transmitted. Much fear stems from lack of
knowledge about the actual, exclusive routes of transmission.
Moreover, misconceptions may seriously hamper intervention
approaches aiming at a reduction of sexual risk behaviour. The
results of this large prospective population study should help
in making prevention efforts more effective by reinforcing that
the main focus of these efforts should be the preventlion of
sexual HIV transmission.
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Chapter 5.1

HIV-1 incidence and HIV-1 associated mortality in a rural Ugandan
pepulation cohort.
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in a rural Ugandan population cohort

Anatoli Kamali*t and Jane F. Kengeya-KayondoT

Objective; To determine the incidence of HIV-1 infection and HIV-1-associated
mortality in a rural Ugandan population.

Design: A prospective cohort study.

Metheds: A cohort consisting of the population {de jure census 9820) of a cluster
‘of 15 villages in Masaka District, south-west Uganda was enrolled between 1989
and 1990 through a demographic and medical survey. The HIV-1 seroprevalence
rale was 4.8% for all ages combined and 8.2% for those aged 13 years or more,
The survey was repeated after 1 year.

Results: The 1-year HiV-1 incidence rate among adults was 1% [9.2 per 1000
person-years of observation; 95% confidence interval (Cl), 5.5-12.9). A total of
84 deaths were observed. tn adults, half of all deaths (31 out of 60) were in
HIV-1-seropositive individuals. The age-adjusted overall mortalily rate ratio for
Hiv-positive adults compared with HIV-negatives was 20,8 (95% CJ, 12,0-35.7).
In the 13-44 age group the corresponding rate ratios for men, women and both
sexes combined were 16.3, 108.9 and 58.7, respeclively. The HIV-attributable
mortality fractions, i.e., the propartion of deaths that would have been avoided in
the absence of HIV, were 44, 50 and 89% for adult men, adult women and adults
aged 25-34 years (both sexes combined), respectively. The 1-year progression to
death among HiV-1-seropositive adults was 10.3%.

Conclusion: These results demonstrate the profound impact that the HIV-1
epidemic has on adult mortality in a rural area of Uganda where the HIV-1
prevalence and incidence rates in aduls are 8 and 1%, respectively,

AIDS 1994, 8:87-92

Keywards: Rural population, HIV-1 incidence, HIV-1-specific mortality,
Uganda, prospective cohort.

[For editorial comment, see pp 127-128]

1 incidence and HIV-1-associated mortality

Introduction

While there is an extensive literature on preva-
lence rates of HIV-1 infectlon in urban and rural
populations in sub-$aharan Africa (1,2], few reports
document studies of the incidence of HIV-1 infec-
tion in sub-Saharan Africa (3,4} and the impact of
the epidemic in terms of monality 5,6, presum-
ably because of a lack of well established cohorts

[2). Information on HIV-1 incidence and mortality is
important for understanding the population dynam-
ics of HIV transmission and the impact of the HIV
pandemic, and data on rural populations are of par-
ticular interest since the majority of the population
in sub-$aharan Africa is rural.

‘The objective of this study was to determine the inci-
dence of HIV-1 infection and HIV-i-associated mor-
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tality in rural Uganda. This work is part of a broader
study on the dynamics of HIV-1 transmission in a
general rural population.

Study area and population

The study area, a subcounty of Masaka District,
south-west Uganda was selected based on the ex-
pectation that HIiV-1 seroprevalence in adults would
be of the order of 5102 and that the population
would be relatively stable. 1t is a relatively fertiie
area, which is inhabited mainly by farmers, most of
whom cultivate coffee and bananas. Compounds are
scattered and usually enly one family lives on a com-
pound, Villages consist of households belonging to
one administrative unit. The majority of the popu-
lation are Baganda (approximately 70%6), but there
is a substantial number of immigrants from Rwanda
(2(86). The area is connected with Masaka, the main
town of the district, through an all-weather road on
which taxis, and occasionally a bus, travel, There are
two government dispensaries and a health centre, A
field station, which includes a clinic and laborato-
ries, has been established for research purposes.
Counselling services are provided for individuals
who want to know their HIV status {7).

Methods

The core of the study is a demographic, medical
and serological surveillance of members of approx-
imately 2000 households in a cluster of 15 villages.
The design Is longitudinal, Berween 1989 and 1990,
when the study started, all consenting residents were
enrolled, Newborns and immigrants are entered into
the study continuously,

Subjects

Community mobilization began in November 1988,
1 year before the cohort's enrolment. Questionnaires
and forms were pre-tested, translated from English
into Luganda and wanslated back into English by
professional translators. Fach house in the study vil-
lages was mapped and assigned a number. Medical
and technical personnel received appropriate train-
ing and a pilot study was carried out in November
1989. The procedures for the baseline survey of 2
village were as follows. Following a community
meeting, all households were visited by Interview-
ers, accompanted where possible by a community
leader, and all de jure residents censused. For study
purposes, a de jire resident was defined as a subject
who belonged 1o any of the following categories: (1)
having lived in the area for more than 3 months, (2
having lived in the area for less than 3 months but
intending to stay, and (3) considered to belong to
a2 study household but normally living elsewhere
(for example, children at boarding school). In ad-

dition, interviewers administered socioeconomic in-
terviews. A 10% random sample of respondents was
re-interviewed to enable assessment of repeatabil-
ity. Interviewers were debriefed by survey facilita-
tors for each questionnaire. Data entry took place
at the Entebbe office where census lists for use by
the medical field team and identity cards for study
participants were also produced.

Approximately 2 weeks after the census, households
were informed by community leaders about the in-
tended visit of the medical team. Upon arrival, the
team explained the purpose of the study and the
visit, issued identity cards and requested written
consent. Consenting adults (=13 years) were ex-
amined after a brief medical history. A blood sample
was taken from consenting adults and children, Sub-
jects with ailments were treated when possible by
members of the survey team or referred to the study
clinic if appropriate. A 10% random sample of partic-
ipants was re-examined. Questionnaires were taken
to Entebbe and discrepancies in census information
obtained by social and medical teams reported to the
field for investigation by programme staff.

Communities were debriefed following the survey
and a counselling service was available for those
individuals who wanted to know their HIV status.

Laboratory methods

Blood specimens were drawn by technicians, stored
in a cool box while field work was In progress and
taken to the field laboratory at the end of each day
for separation, aliquoting and storage at 4°C. Spec-
imens were transporied weekly to the reference
laboratory in Entebbe, where they were tested for
antibodies to HIV-1 using two different enzyme im-
munoassay (EIA) systems (Recombigen HIV-1 EIA,
Cambridge Biotech Corporation, Worcester, Mas-
sachusetts, USA; and Wellcozyme HIV-1 Recombi-
nant, Wellcome Diagnostics, Dartford, England, UK),
An EIA was repeated if the result was borderline
and both EIA were repeated if the results were
discordant. Supplementary testing with Western blot
{WB; Novopath HIV Immunoblot, Bio-Rad Laborato-
ries, Watford, England, UK) was performed if results
were discordant between or within screening assays
or if either repeat EIA result was borderline [8), Rig-
orous quality control procedures were applied [9].

Follow-up

After 1 year, during the period November 1990 to
September 1991, the cohort was re-surveyed and
the follow-up status of individuals censused during
the baseline survey was obtained on an individual
basts. Thus, deaths were ascertained through re-
census. Procedures for the re-survey were similar
to those used at baseline. All staff except the pro-
gramme statistician were kept unaware of the HIV
serostatus of study participants.
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Statistical analysis

Personal computers were used for data entry, both
in the laboratory and in the data-processing office.
Software programmes were written in Dbase TH plus.
Questionnaires were checked for completeness and
consistency, Data were entered by two independent
operators onto temporary databases, which were
verified and corrected if necessary prior to updat-
ing the main database, Existing software packages
(EP! info and EGRET) were used for statistical analy-
ses, In calculating person-years of observation, those
who died or left the area were included in the de-
nominator up to the time of actual death or leaving
the area.

The study was approved by the Ugandan Ministry of
Health 2nd National Council of Science and Technol-
ogy.

Results

At baseline, there were 1981 households in the 15
study villages. Of these, the inhabitants were repeat-
edly absent in 56 households (2.8%), 60 (3%) house-
holds refused to participate and 59 (3%) houscholds
did not comply for other reasons. Overall, the census
was administered to 1806 (91.2%) households with
a total de jure population of 9820. Age distribu-
tion of the census population and the compliance
in the baseline survey is shown in Table 1. A to-
tal of 8105 individuals (83%) agreed to give 2 blood
sample. Reasons for noncompliance were absence
on three occasions in 9%, refusal in 6% and miscel-
laneous, including those with unknown reasons, in
29%. The lowest compliance (74%) was among those
aged 13-24 years.

Table 1, De jure census population and compliance in baseline sur-
vey, Masaka cohod, 1989-1990,

De jure census Gave blood
Age .
(years) Men Women Total No. %
0-4 970 943 1913 1665 87
5-12 1338 1201 2629 2351 a6
13-24 1159 1198 2357 V737 74
25-34 467 501 968 781 81
35-44 273 332 605 516 85
45-54 263 268 531 452 85
5564 192 244 406 356 88
=65 219 192 419 347 82
Total 4881 4959 9820 4105 82

Unequivocal serology results at baseline are avail-
able for 7802 subjects, the 303 missing values re-
sulting mainly from insufficient serum in children. A
total of 377 (4.8%) were positive, Overall seropreva-
lence in women was 5.3%, compared with 4.4% in

men. Seroprevalence in adults aged 213 years was
8.2%. The age- and sex-specific seroprevalence rates
(Fig. 1) show a typical distribution, with highest rates
in women aged 15-34 and in men aged 25-34 years.

HIV-1 seroprevalence by age and sex at baseline
Poplfation cohon, Masaxa, 1989-90
20+

HIV-1 positive (%)
S

04 514 1524 2534 3544
Age group
Fig. 1. HiV-1 seroprevalence by age and sex at baseline
in the Masaka population group, 19891990 (n=7802). C,
men; 4, women.

45-54 55+

Of the 7802 enrolled individuals with available
serostatus, 569 (7.3%) had left the area at 1 year
follow-up, 84 (1.1%0) had died and 37 (0.5%) re-
fused re-census (Table 2). Of the 7112 individuals
known to be remaining in the area, 5478 (77%)
were seen and gave a blood sample. Reasons for
loss to follow-up are shown in Table 2. Informa-
tion on the incidence of HIV-1 infection is based
on 5251 subjects who were seronecgative on en-
rolment and who had unequivocal serology results
in the repeat survey, and includes a total of 5389
person-years of observation. A total of 24 sero-
conversions were observed, comesponding to an
overall incidence of HIV-1 infection of 4.4 [95%
confidence interval (CD), 2.6-6.4] per 1000 person-
years. The age-specific incidence rates are shown
in Table 3. All seroconversions were in adults (aged
213 years), comesponding to a rate in adults of 9.4
(95% Ct, 5.5-12.9) per 1000 person-years. The age-
specific rates in men were relatively constant for
those aged 13-54 years, with slightly lower rates
in those aged 255 years. The overall rate in adult
men was 10.7 (95% CI, 4.9-16.5), The highest rates
in women were observed in those aged 13-24 and
255 years, with an overall rate in adult women of
7.9 (95% C1, 3.2-12.6) per 1000 person-years, The
difference between the overall incidence rates in
adult men and women was not statistically signifi-
cant; moreover, there was no significant interaction
between age and sex (P>0.2).

Data on monality, available from re-census at 1 year
follow-up, is based on a total of 7570 person-years of
observation (Table 4). A total of 45 deaths occurred
in seronegative individuals, corresponding to a rate
of 6.2 (95% ClI, 4.4-8.0) per 1000 person-years. This
compares with 39 deaths in seropositive individ-
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Table 2 Follow-up status t year after encolment, Masaka cohert,
199031991,

Ne. i)
Unambiguous serostatus at baseline 7802 100.0
Left area by round 2 569 73
Died 84 11
Refused re-census 37 [T
Remaining for assessment 72112 100.0
Seen and gave blood sample 5478 770
Absent 708 10,0
Refused all investigations 416 5.8
Refused 10 give a blood sample 367 5.2
Reason not known 143 2.0

uals and a corresponding rate of 118.2 (95% CI,
80.7-155.7) per 1000. The mortality rates were 11.4
and 421.1 per 1000 in seronegative and seroposi-
tive children aged 04 years, respectively; the cor-
responding rates in children aged 5-12 years were
0.5 and 0, respectively.

Half of all deaths in adults were in seropositive sub-
jects, Mortality rates in HIV-negative adult men and
women were 7.2 (959 C1, 3.2-11,2) and 8.2 (95% CI,
4.1-12.3), and 87.6 (95% CI, 37.5-137.7) and 114.6
(95% Cl, 63.7-169,5) per 1000 among HIV-positive
adult men and women, respectively. Age-specific
adult rates varied from 81.6 per 1000 person-years
in those aged 3544 years to 263.2 in those aged
255 years. The age-adjusted overall mortality rate
ratio in adults, i.e., the ratio of the rate in seroposi-
tive adults to the rate in those seronegative, was 20.8
(95% CI, 12,0-35.7). Simnilarly, the rate ratio for adults
aged 1344 years was 58,7 (95% CI, 22.3-154.6); the
sex-specific rate ratios for men and women in this
age-group were 16,3 (95% CI, 4.0-67.3) and 108.9
(95% CI, 25.2-471.0), respectively.

Assuming that the excess monality in HIV-positive
subjects was largely due to HIV infection, the HIV-
associated excess morality in the population can
be calculated by deducting the morality rate in the

Table 3. Age-specific incidence of BIV-1 infection after approximately 1 year of follow-up in 5251 paricipants who were seronegative at

baseline.
Men Women Tota!
Age
[years} Person-years No. Rate Person-years No. Rate Person-years No. Rate
0-4 554 0 0.0 493 ¢} 0.0 1047 1] 0.0
5-12 894 0 0.0 845 ] 0.0 1739 [ 0.0
13-24 467 6 128 471 5 106 938 H 1.7
25-34 1495 2 10.2 276 1 3.6 471 3 64
35-44 139 2 144 13 1 4.7 352 3 8.5
45-54 154 2 i3.0 17¢ 0 0.0 333 2 6.0
255 260 1 3.8 248 4 16.1 508 ES 9.8
Total 2664 13 4.8 2725 it 4.0 5389 24 4.4
Adults 1216 13 .7 1387 1t 7.9 2603 24 9.2
Rates per 1000 person—years of observation.
Table 4. Age-specific mortality at F-year of fellow-up by HR-1 baseline serostatus for 7765 subjects,
HIV- HV+ Tota!
Deaths Deaths Deaths

Age Excessy
lysars) Person-years  No. Rate Person-years  No, Rate Person-years  No.  Rale  morality
0-4 1317 15 114 19 8 421 1336 23 17.2 5.8
5-12 nas 1 0.5 n 0 0.0 21596 1 0.5 0.0
13-24 1549 3 1.9 100 g 90.0 1649 12 7.3 5.4
25-34 644 1 1.6 108 10 92.6 752 H 14.6 13.0
35-44 457 0 0.0 49 4 81.6 506 4 7.9 7.9
45-54 422 1 24 24 3 125.0 446 4 9.0 6.6
255 666 24 360 19 5 263.2 685 29 42.3 6.3
Total 7240 45 6.2 330 39 118.2 7570 84 11,1 4.9
Adults

Men 1798 13 7.2 137 12 87.6 1935 25 129 5.7

Women 1940 16 8.2 163 19 1t6.6 2103 35 6.7 8.4

Total 3738 29 7.8 300 3 103.3 4038 €0 149 7.1

Rates per 1000 person-years of observations.
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HIV-negative population from the overall crude rate.
Thus, the total excess mortality was 4.9 (11.1-6.2)
per 1000. In adult men the excess monality was
5.7 per 1000, which compares with 8.4 per 1000 in
adult women. The excess mortality was highest (13
per 1000) among adulls aged 25-34. Corresponding
HIV-atributable montality fractions, i.e., the propor-
tion of deaths that would have been avoided in the
absence of HIV, were 44% for the total population,
48% for adults (44% for men, 50% for women) and
89% for adults aged 25-34 years.

Of the 31 seropositive adults who died during the
1-year period only five (16%0) had clinically defined
AIDS on enrolment, while 20 (65%) did not show
any of the major symptoms included in the World
Health Organization’s clinical AIDS case definition
{10,111,

Discussion

From this study of a general rural population in
Uganda, it is estimated that the 1-year incidence of
HIV-1 infection for adults was 19, the age-adjusted
monality rate ratio 20.8, and the HIV-auributable
mortality fraction 48%.,

Of the dz jure population of the 15 villages included
in this study, 83% gave a blood sample at baseline
and of those remaining in the area with known base-
line serostatus 77% gave a blood sample after 1 year.

Non-compliance would bias the study outcome if
numbers of absentees and refusals differed accord-
ing o serostatus, age or sex. Our data suggest that
the monality rates among refusals and absentees
are slightly higher in 2ll age groups than in those
with available HIV serology (not shown), implying
an underascenainment of HIV-positive subjects. We
may, therefore, have underestimated the HIV-associ-
ated mortality, particularly among those aged 13-24
years, the age group with the lowest compliance
rate.

Specimen collection and HIV secrology were car-
ried out using strict quality assurance procedures
[9]. A testing algorithm with sensitivity and specificity
close to 100% was used [8). It is improbable, there-
fore, that false-negative results on enrolment could
have contributed 10 the observed HIV incidence.
Conversely, all 12 incident cases with an avail-
able follow-up specimen were confirmed positive.
There were, however, three subjects who showed
evidence of transient antibody response who have
not been classified as incident cases. One case is
a (9-year-old man who had strong positive results
on both EIA assays 1 year after enrolment. Four
follow-up sera, collected over 15 months, suggest
progressive loss of reactivity, the last two speci-
mens being unambiguously negative. The second

case, a 20 year-old man, had some EIA reactivity
but was WB-negative on enrelment with strong pos-
itive EIA results after 1 year. Two follow-up sera,
collected in the following year, also suggest grad-
ual loss of reactivity, The third case is a G-year-
old boy, who was unambiguously seronegative on
enrolment and whose father is among the classi-
fied incident cases. During the year the father was
jeined by a new spouse who was seropositive. At 1
year the boy had some EIA reactivity and positive
WB. A follow-up specimen 1 year later was unam-
biguously negative. Thus, all three cases showed a
possible transient antibody response suggesting ex-
posure to HIV-1, possibly without established infec-
tion. We anticipate that these cases will be given a
definitive classification in due course, following the
outcome of ongeing investigations.

Our studies of seroprevalent cases of HIV-1 infec-
tion in this population suggest that approximately
99% of alt HIV-1 infections in adults are due to
heterosexual contact, the remaining 1% being prob-
ably due to blood transfusions [12]. Risk factors for
HiV-1 infection in seroprevalent and incident cases
are described elsewhere (13,14).

The observed number of new HIV infections was
relatively small, resulting in a rather wide confi-
dence interval for the estimated rate. The observed
incidence rate of approximately 1% among adults
in this rural cohort is similar to those reported for
mixed urban/niral cohons in the Kagera region in
Tanzania (3] and the Rakai District in Uganda [4). In
absolute numbers the incidence of HIV-1 was simi-
lar to the HIV-1-associated montality suggesting lintle
change in overall seroprevalence.

For death ascertainment, at 1-year follow-up expe-
rienced interviewers administered individual ques-
tionnaires on which personal identifiers obtained
at baseline had been entered. The questionnaire in-
cluded explicit questions related to death. Notwith-
standing this procedure, the mortality rates for HIV-
negative adults and children suggest an under-
ascertainment of deaths, which is also likely to apply
to HIV-positive subjects. A continuous death regis-
tration was introduced in mid-1991 and comparison
of death ascertainments through the continuous reg-
istration system with the annual recensus shows
that the resulis are very similar. A higher monality
rate among seronegative subjects would result in a
lower estimate of the mortality rate ratio and HIV-at-
tributable mortality fraction; it would not, however,
affect the observed extremely high mortality among
HIV-positive subjects. It is customary in the area that
people who become seriously ill return to their na-
tal home to die. If such patients were to have been
included in this population there would have been
an overestimation of the HIV-assoclated morality.
However, none of the six HIV-positive deaths res-
ident for less than 1 year on envolment had clinicat
AIDS at that time,
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Clearly, the HIV-related excess mortality depends on
both the prevalence of HIV-1 infection and the mor-
tality rate among HIV-positives. The excess mortality
was 4.9 per 1000 for the general population with a
seroprevalence of 4.8%, and 7.1 per 1000 in adults
with a seroprevalence of 8.2%. The high rate of 13
per 1000 in the 25-34-year age group is particularly
striking, and is due to high seroprevalence rates’in
both men (18.1%) and women (13.3%). The excess
mortality in adult women (8.4 per 1000) is consider-
ably higher than the excess montality in men (5.7 per
1000, which is the result of both a higher seropreva-
lence rate in women than in men (female : male ra-
tio, 1.2: 1) and a higher mortality rate among posi-
tves wemen (117 versus 88 per 1000).

The annual HIV-related morality rates between
1985-1987 in Kinshasa, Zaire, were estimated 1o be
of the order of 0.7-} per 1000 in studies of hospi-
tal patients and selected groups [5,15]. Based on a
study of adult cadavers in the two largest morgues
in Abidjan, Céte d'lvoire, De Cock ef al, [G] estimated
the 1988-1989 adult mortality due to HIV in that
city to be 0.49 per 1000. They also estimated that
15% of adult men and 13% of adult women deaths
were due to AIDS. The results from our study of a ru-
ral population suggest considerably higher mortality
rates and HIV-attributable fractions. This difference
may in part be explained by a more complete death
ascertainment in our study since it was community
based. The observed HIV-attributable montality frac-
tion of 8%% for adults aged 25-34 years is similar to
the results by Lindan ef a/. {16] in a study of a cohort
of pregnant women in Kigalt.

We observed a morality rate of 10.3% in HIV-
positive adults during a 1-year follow-up. This com-
pares with a 2-year monality rate of 15% cbserved in
Kinshasa [17] and with annual progression rates from
asymplomatic seropositivity 10 symptomatic disease
of 5% for echorts in Europe and the United States
[18-20]. Since the majority of the 31 seropositive
adults who died during the 1-year period did not
show any of the major symptoms included in the
clinical AIDS case definition, our data suggest that
the progression from infection to symptomatic dis-
ease and from symptomatic disease to death in this
population is extremely rapid.
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Two-year HIV-1-associated mortality in a Ugandan rural population

Daan W Mulder, Andrew J Nunn, Anatoli Kamali, Jessica Nakiyingi, Hans-Ulrich Wagner, Jane F Kengeya-Kayondo

Summary

The mortality in 15 villages in South-West Uganda was studied
in relation to HIV infection. After a population census, serum
samplas were tested for antibodies 1o HIv-1, Deaths were
ascertained over 2 years. Unequivocal HIV-1 serology results
were available for 9389 individuals.

The prevalence of Infestion was 4-8% for all ages and 8-2%
for aduits {aged 13 or more), 198 desths were recorded
during 15 726 person years of observation, Mortality among
sefonegative aduits was 7-7 per 1000 and among
seropositive adults 115-9 per 1000, The excess annual death
rate assoclated with HIV-1 infection was 5-3 per L1000 and in
adults 79 per 1000, Highest excess mortality was 16-9 per
1000 inthe age group 25-34, Among adults, half of all deaths
and among those aged 13-44 over 80% of deaths were
attributable to HIV-1 infection.

These results show the strong impaot that H(V-1 infeclion is
having on mortality in a ruraj area of Uganda where the overall
HIV-1 adult prevalence rateis betow 10%—a rate lower thanin
many other pars of East Africa,

Lancet 1994;343: 1021-23

tntroduction

The World Health Organization predicts that, by the year
2000, 30-40 million people will have been infected with
HIV-1,' about half of them in sub-Saharan Africa, Between
and within sub-Saharan countries the prevalence of
infection is not uniform;? in urban areas as many as 30%, of
adults may be infected? and seroprevalence rates of around
109, have been reported in niral disericts,?

Seme mathematical models predict that in the worst-
affected areas AIDS is likely to lead to negative population
growth,® others suggest that negative growth is
improbable.®” Inconsistent predictions are due, in part, to
lack of information on HIV-1 transmission efficiency, the
effect of risk-factors, sexual behaviour patterns, disease
progression, and fatality rates. There have been few studies
of the impact of HIV-1 infection on mortality in Afcica,®*?
and none for a general rural population. Information on
disease progression and on survival following diagnosis of
AIDS is also scarce.!?-* We did a prospective study of a
rural popufation in Uganda,'® and report here on HIV-
related mortality.

MRC (UK)/0DA/UVR] Programme on AIDS In Uganda, PO Box 49,
Entebbe, Uganda (D W Mulder mp, A ) Nunn mse, A Kamall men,

J Nakiyingi 8 s, H-U Wagner 1o}, and Uganda Virus Research
Institute (A Kamall mry, J F Kengeya-Kayondo mo)

Corespondence to: Dr Daan W Mulder

Mothods

The population studied was the inhabitants of 15 neighbouring
villages, approximately one-third of the population of a sub-county
of the Masaka Districtin South-West Uganda, The inhabitants are
mainly subsistence farmers, and the Baganda ethnjc group
constitutes about 70%. In November 1989 to August 1990 a census
was conducted, Those selected for follow-up were all who
consented to participate and who had been resident in the acea for 3
months o more, or for less than 3 months but stated they intendsd
tostay. Newboms and those new to the area since the initial survey
were enrolled subsequently.

Census clerks visited and recorded the composition of all
househotds, and 2-4 weeks Jater, households were visited by a
medical 1eam. Consenting adults {aged 13 years or more) were
examined and a brief medical history was taken. Bleod samples
were taken from both adults and children, Subjects with ailments
were treated by members of the survey teamor referred to the study
clinic, and a counselling service was available. In 1991 and 1992,
re-surveys of the population were undertaken, Field staff were not
aware of the HIV status of study participants, In mid-1991
continuous death registzation was introduced.

Blood samples were tested for HIV-1 antibodies at the Uganda
Virus Research Institute. Quality control procedures and the test
algosithm are described elsewhere. 317 Children < 18 months who
were seropositive were assumed to be HIV-infected unless
subseguens speeimens showed loss of reactivicy,

Stalistics

In caleulating person years of observation, subjects were included
from the time they were entolled until they died, migrated, or wers
seen at the second annual re-survey. Standardised mortality rates
areincluded in the text and are caleulated by the directmethed with
the total population a¢ & standard, Age-adjusted mortality-rate
ratios were calculated by Poisson regression methods, Non-
standardised tetal rates ace shown in the tables, since adjustment
for the strong age-serostatus interaction makes any adjusted rate of
little interest.

Results

At the initial survey there were 1981 households in the study
villages. Inhabitants were repeatedly absent in 56 (2-8%),
60 (3-0%,) refused to participate, and 59 (3-0%,) households
did not comply for other reasons. The remaining 1806
(91-2%,) households had a population of 9820,

HiV-1 prevatenca (%)

At group Cansus poputstion tompllante
tyears) Maes  Females  Told % Maes Fema'es
0-4 970 943 1913 87 1-8 1§
5-12 1338 1281 2629 8% £33 03
13-24 1159 1198 2357 74 34 99
25-34 467 501 968 81 181 133
3544 213 332 £05 85 135 89
45-54 263 268 831 83 70 59
55+ 411 405 817 Bé 35 26
Tetal 4881 4939 9820 83 44 53

Tabla 1: Compitance and HiV-1 seraprevalence by age and sex
or enrolment
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Aga group Hi¥ negathe 1Y positive Tetal
{years) o Deaths Rae P10 Teats Rite ) Deatt Rate
o 7316 a3 @6 al w 374 o 57 77
512 2575 4 09 29 2 701 4704 5 13
13-24 3488 3 09 187 14 T 3676 17 46
25-34 1388 3 22 240 28 1165 1627 31 191
35-24 926 12 22 107 9 842 1033 i 107
45-54 867 i0 s 48 6 1254 916 i6 115
55+ 1367 4 322 a7 16 3383 1614 50 424
Tata 15026 109 73 599 59 1213 15725 198 126
Ahts 03¢ 62 77 830 73 1159 8664 135 156

PYO=personyears of ebstnation. Rate is per 1000 P70,
Table 2: Mortallty by HIV-status and age at 2-year foliow-up

839, (8105) people agreed to give ablood sample (table 1),
Unequivocal serology results were available for 7802 (the
303 missing were mainly due to insufficient serum from
children); 377 (4:8%) were HIV-1 positive. The
seroprevalence in adults aged 13 years or more was 8:2%,,

At re-survey 1 year after enrofment, unequivocal
serology resules were ghtained for an additional 707
individuals (7% ) from the baseline census and 880 (60%, } of
1456 newborns and pecople who had moved into the area. In
all, 9389 individuals with unequivocal serology results were
enrclled. 2 years after the start of the survey, 2% had died,
139%, had left the area, and 849% had remsined. 29
individuals refused follow-up and are excluded from the
analysis. The analysis is based on 9360 persons and 15 725
person years of observation.

There were 168 deaths (table 2); 109 in seronegative
individuals (7-3 per 1060 person years) and 89 in
seropositive individuals (127-3 per 1000). The standardised
death rates among seronegative and seropositive adults
were 7-5 (959, confidence intervals [C1] 5:6-9-4) per 1000
and 1321 (97-0-167-1) per 1000, respectively.

HIV-1 negative males and females had similar death

Age group Mortality rates Rale-ratlo*
{per 1000 PYO) (95% C1)
Kivpos Kivreg

0-12 229 67 34

13-24 6 03 8t

25-34 116 22 54

35-44 84 22 32

45+ 232 242 10

1344

Maes. 4 t4 331 {10-28)

Females 108 13 To1{28-224)

Tetat 93 14 50t (28-129)

*Rate-ratig: Fale in HV-positives divided by therate in thase Hiv-negative.

MV regative. Afe-atusted 130, FYO = perscn years of ehsenation,

Table 3: Mortality by HIV-1 status and mortality rate ratios by
age ang sex

Age group Excass mortality pet 2000 HV-1 atiributabie merality
fraction (%}
Maies fema'es  Both Males Femg'es  Both
0-4 45 68 56 18 28 2
5-12 00 08 04 0 40 3
13-24 08 £9 as 49 113 81
25-34 173 155 169 84 93 89
3544 106 68 85 81 78 80
45-54 11 102 60 6 61 H
854 135 70 02 34 16 24
Totat 44 §3 53 38 45 42
Aous 67 89 79 47 53 50

Table 4: HIV-1-specific excess mortality and HIV-1 attributable
mortallty fractlons by age and sex

rates. HIV-1-positive males and females had mortality rates
of 109-3 per 1000 and }43-4 per 1600, respectively. The
highest mortality among those HIV-positive was in males
aged 25-34 and in females aged 13-24 and 25-34. The ratio
of the mortality rates in seropesitive and seronegative
individuals are shown in table 3, The highest age-specific
ratio was 87 (CI 25-302) in the age-group 13-24. In the
age-group 13-44 the overall age-adjusted ratio was 60
(28-129). The adjusted ratio for males was 33 (10-98)
compared with 79 (28-224) for females (p for mate-femnale
difference=0-18).

Excess mortality in the population due to HIV-]
infection ¢an be estimated by subtracting the mortality rate
in those HIV-negative from that in the total population
(table 4}, Overall age-standardised excess mortality was 5-4
(44-6:5) per 1000, Age-standardised excess mortality
among adult mates was 6-8 (3:7-10-0) per 1000 compared
with 9-2 (7-4-10-9) per 1000 in adult females, Excess
moriality was considerable among all age groups and
highest, at 169 (10:5-23:3} per 1008, amongst males and
females aged 25-34,

Dliscusslon

This prospective study shows a high HIV-l-associated
mortality; more than 509, of all deaths in adults, and more
than 80%, in young adults, were HIV-1-associated (table 4},
Might the results be biased by factors such as selective
enrolment to the study, non-compliance or out-migration
during follow-up, and errors in the ascertainment of HIV-1
or vital status?

Unequivocal serology results were available for 879, of
the population, Available data suggest that the moralicy
among those who were included in the census but did not
participate was higher: among those aged 1344 the death
rate in those who were absent oz refused was 12-9 per 1000
compared with 9-1 per 1000 among those participating.
‘Thus, selective enrolment and non-compliance are likely 1o
have underestimated mortality rates,

At | year 60% of newborns and those new to the area were
enrolled. Of these, 39 had died and 199, had left the area 1
year later. These rates are higher than the 2-year rates for
the baseline population. Higher mortality can be explained
partly by a relatively high proportion of infants in this
group (449;) and partly by a higher HIV-1 seroprevalence
among adults (16-09%,); the reason for the increase over
baseline (829, ) was presumably that some adults returned
to their vilages from urban areas with high prevalence
rates. While bias may have been caused by this mobile
group, they accounted for only 5%, of the person-years of
observation. 13% of those enrolled left the area during the
2-year peried. While similar rates of out-migration were
recorded in HIV-1-seronegative and HiV-1-seropositive,
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some bias due to different trizl mortality among those
leaving is possible.

The HIV testing algorithm had a sensitivity and
specificity of close to 100% (16). Errors in the
ascertainment of serostatus cannot be ruled out, but any
such misclassification would result in underestimation of
HI1V-1-associated excess moriality, Finally, it is customary
in this area for seriously ill persons to retum to their natal
homes to die and this may have resulted in an under
ascertainment of adult deaths.

The sources of bias considered above are either small or
affect equally both seronegative and seropositive people, If
similar levels of under ascertainment occurred in the two
groups, the mortality rate ratio and acttributable fraction
would be unaffected, while the absolute level of mortality
among those HIV.1 seropositive would be underestimared,
It therefore secems unlikely that any biases have materially
distorted the main finding of the study, that of a high
mortality in HIV-1 seropositive people in this population,
Bxcept in 25 participants who seroconverted during the
first year of follow-up,'® dates of seroconversion in the
present study were unknown. The mortality rate of 11-6%,
among seroprevalent adults was, however, much higher
than those in industrialised countries where annual
progression  from  asymptomatic  sercpositivity  to
symptomatic disease is in the range of 5% to0 6%.'%'* The
rate is, however, consistent with a study of female
prostitutes in Nairobi in whom the median interval from
seroconversion to AIDS was 45 menths, '3

We observed rapid progression from asymptomatic
infection or mild disease to death. Medical assessment |
year or less prior to death was available for 64 of 73 of the
HIV-i-positive adults. Of these, 5 (8%) had AIDS as
defined by the Bangui case definition,?® 31 {48%,) one or
more major symptoms, and 28 (44%) no major symptoms,
Thus, a substantial proportion of these patients progressed
within 6 months, on average, from asymptomatic infection
or mild disease o death. The rapid progression and high
mortality rate suggest that both the interval from infection
to symptomatic disease and the symptomatic survival
period may be shorter than those in developed countries,
and it is plausible that both are affected by Jack of medical
care,?

Although the highest mortality rates were in seropositive
children under 5 and in adults over 55 years, mortality
among seronegative people was also higher in these groups.
The highest mortality rate ratios—indicating refative risk—
were seen in the middle years of adulthood (60in those aged
13-44). A finding of this magaitude, in an age-group which
typically has low monality, is difficult to explain other than
as a direct causal effect of HIV-1 infection on mortality,
The results indicate an HIV-1 attributable moriality
fraction of 50%, for all adults (479 and 539 for adult males
and females, respectively). These results compare with
estimates of 15%, and 13% in Abidjan in 1988-89,'® and
20249, among employees in Kinshasa in 1987-88.* The
attributable fraction among females aged 25-34 was 90%, a
result similar to that of a prospective study of childbearing
women in Kigali, Rwanda !

This is the largest prospective study of its kind in
sub-Saharan Africa, While possible biases cannot be ruled
out, they are unlikely to invalidate the main findings,
namely the rapid rate of progression to death in HIV-1

positive individuals, a relative mortality risk in sercpositive
people of 60, and the attribution to HIV-1 infection of more
than 509, of deaths among adults and 80%, of deaths among
those aged 13-44 years, These findings, in 2 population
which has a lowee HIV-1 prevalence than some urban
African centres, highlight the severe impact of the HIV-1
epidemic on the sub-Saharan population.
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Chapter 6

Pecreasing HIV-1 seroprevalence in young adults in a rural
Ugandan cohort.

Mulder DW, Nunn &, Kamali A, Kengeya-Kayondo J.

British Medical Journal 1995, 311:833-836.




Medical Research Council
Programme on ATDS ia
Uganda, PO Box 49,
Entebbe, Uganda

Daan Mulder, epidemiclogist
Andrew Nunn, statividen

Uganda Virus Research
Instinizte (UVRI), Entebbe
Anatoli Kamali,
epidemiologist

Jane Kengeya-Rayonds,
epidemivlagist

Comespondence to:

Dr D Mulder, Tropical
Health Epidemiology Unit,
London School of Hygiene
and Tropical Medicine,
London WC1E 7HT.

BMFISS5HEY36

BMJ  vorume 311

86

PAPERS

Decreasing HIV-1 seroprevalence in young adults in a rural Ugandan

cohort

Daan Mulder, Andrew Nunn, Anateli Kamali, Jane Kengeya-Kayondo

Abstract

Objective—To assess the trend in HIVWl sero-
prevalence in an adult population in Uganda,

Design—An observational cohort study with four
year follow up,

Setting—A cluster of £5 villages in rural Uganda,

Subjects—All residents of the 15 villages—about
10000 people.

Main outcorme measure—Prevalence of HIV-1
infection as assessed by enzyme immunoassay.

Results—Durlng the five year period the overall
standardised seroprevalence of HIV-1 showed little
change; 8:2% in 1990, 7-6% in 1994, Among males
aged 13-24 years the prevalence decreased from
3:4% to 10% (I for trend <0-001); among females of
the same age the corresponding values were $:5%
and 7+3%, The decrease was greatest ko males aged
29-24 years and females aged 13-19 years,

Conclusion=—This is the first report of a dectine in
HIV-1 prevalence among young adalts in a general
population in sub-Saharan Africa with high overall
HIV-1 prevatence. It is too early to conclude that
the epidemic in this poputadoen is in decline, but
the results of this study should be reason for
some cautious optimism and encourage the wigorous
pursuit of AIDS control mieasures,

Introduction

The HIV-I epidemic continues to spread in Africa,
but some studies have reported unchanging HIV-1
prevalence among adult populations in different
regions in Burundi, Rwanda, and Zaire.* In some of
the major towns of Uganda the prevalence of HIV-1
among women attending antenatal clinics included in
the nationzl sentingl survelllance programme has
declined since 1992; for example, the reported rates
from the two main hospitals in Kampala, the capital
city, fell from 29% to 22% in one hospital and to 17%4 in
the other.?

The populaden dynamics which underlie the
course of the HIV-1 ¢pidemic are complex.® Soclo-
demographic, cultursl, and biclogica) factors play an
important part, as does the effect of specifie inter-
ventiens, including behaviour change and promotion
of condom use, counselling, and control of sexually
wansmitted diseases. In recemt years encouraging
results have been reporied from sub-Saharan Africa
on successful interventons in cohorts of women
attending antenatal clinics,® and prostinutas®* but
only ane successful intervention has to date been
reported for general populations in sub-Saharan
Africa>

In 1989-90 we began a descriptive study of the
population dynamics of HIV-1 by enrolling a tural
populaten cohort in Ugandz."* We report here the
age and sex specific tends in HIV-1 prevalence during
four years of follow up.
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BACKGROUTD

‘The area of study is a clusier of 15 neighbouning
villages containing about one third of the population of
a subcounty of Masaka district in south west Uganda,
situated atout 32 km from Masaka town and 16 km
from the trans-Africa highway at its nearest point. The
inhabitants are mainly peasants who grow bananas asa
subsistence crop and cultivate coffee for sale. House-
bolds are scattered, although seme are concentrated
around the trading village at the centre of the study
area. The predominant tribal group, the Baganda,
constiute approximately 70% of the population. Most
people are Roman Catholics; about one guarter are
Muslims, The area used 1o have two dispensaries and a
health centre; in 1990 the research programme opened
a study clinic.

The median age at first sexual contact is 15 years for
women and 17 years for men.” Sexually transmined
diseases are commoen™ and condoms are uged
relatively rarely.

As we et out to conduct an observatlonal study, the
AIDS conwol measures inidated by the programme
were inidally limited in scope and intensity aed
complemented general awareness campaigns of the
national AIDS control programme. Measures initiated
by the programme in<luded health education efforts, a
limited distribution of condoms, and improvemant of
control of sexually ransmisted diseases.

Methods

Beginning in late 1989, after the study willages had
been mapped, a censes and socioeconomic question-
patre were administered to all consenting heads of
household. All de jure residents were included. Two to
three weeks later a medical team visited each of the
households. All adults were invited to partlcipate in the
medical and serological survey, which involved a
medical history and physical examinaten. A blood
sample was Taken from censenting adults and chitdren,
Dezails of the procedures have been described else-
where,"?

Blood specimens were transported at weekly
intervals to the laboratory of the Uganda Vinus
Research Instinste in Entwebbe, where they were tested
for antibedies to HIV-1 following a rigorous algorithm
and quality control procedures.”" In brief, 2ll serum
samples were tested by using two enzyme immune-
assay systems: Recombigen HIV-1 enzyme immuno-
assay (Cambridge Biotech Cerporation, Worcester,
Massachusetts) and Wellcozyme HIV-1 Recombinant
(Wellcome Dhagnostics, Dartford) with western blot
when indicated (this included all specimens from
subjects positive for the first tme; Movopath HIV
Immunoblot, Bio-Rad Laboratories, Warford).

During 1993-4 the cohort was surveyed annually by
using procedures similar 1o these at baseline. On each
of these surveys newboms and those new 1w the srea
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were added to the cohort. A counselling service was
available for those participants who wanted 10 know
their HIV status.' Field staff were not aware of the
HIV status of study parsicipants.

Data were entered by double entry and venfication,
and data were checked for consistency. Existing
software packages (er1iNFo and EcreT) were used for
statistical analyses, In calculating significance of
differences in prevalence or of trends in prevalence
over time we used methods for non-matched data, Asa
consequence the reported P values underestimate true
differences.

Results

At the initial survey there were 1981 households in
the 15 study villages; 1806 (91-2%) of households
agreed to take part in the census: a total population of
9777, Of 5226 adults (aged 13 years or more) 4167
(80%) were entolled during the initial survey and had
an unambiguous serostatus. After four yvears 86% of
gdults initizlly present had been enrofled. During the
four year fellow up period 28% of those present in the
first survey left the area. Those remaining in the study
area, leaving the study area, or joining from outside
the area had 5-5%, 115%, and 16-3% progressively
higher (standardised) rates of HIV-1 infection.®
After four years the tosat adult population was 5649;
88% of these had had bicod samples taken at some time
and had an unambiguous serostatus.®

At the four follow up surveys the compliance rates
among the resident population were 67%%, 61%,
57%, and 62%. Non-compliance was not cumulative,
however, and at four years 71% had an unambiguous
serostatus at either the three year or the four year
follow up. For young adults aged 13-24 the compliance
rates were 62%, 56%, 52%, and 57% at the follow ups;
of those resident at the fourth follow up, 88% had given
a bleod sample on ore 67 more occasions.

Table I shows HIV-I seroprevalence by survey
round for the total adult poputation and by age and sex.
During the five year period the overzll age and sex
standardised seroprevalence showed little change from
8-2% (95% confidence interval 7-4% to 91%) at round
1 10 7-6% (67 to 8-5) 2t round 5. There was, however,
a considerable decrease in prevalence in males aged
13-24 years (from 3-4% to 1-0%; P for trend <0-001)
and 2 suggestion of a corresponding decrease in femates
(from 9-9% 10 7-3%; P for end=0-08). Changes in
other age groups wese small.

The HIV-1 prevalence among those aged 13-24 years
is more closely examined in table H. In the age
group 13-19, seroprevalence in males was very low at
both round 1 (0-2%) and reund 5 (04%); in young
adult females the rate fell from 4:5% (27/601} to
2:4% (13/531; P=0-09). In men aged 20.24 years
rates declined from [1-8% (28/237) to 2:7% (5/187;
P<0-001); there was little change among women of
the same age,

TABLE b—HIV-I tevoprevalense by age group, Sex, and yurvey round rural cohor, Matake, Uganda,
1989-94, Valiss are percentages (number positivehorel) of subjects

Rownd | Round2 Roung 3 Rownd 4 Rownd 5

Males

13-24 34 (29/845) 36 (284716) 2-3{15/657) 1-6 (137637 10 (7/685)

25-34 183 (54/350) 182 {54256} 19-8(57/1288) 22-9{63/275) 19-4{61/314)

3544 13500223} 11923198 121 24159) 12:2(22/181) 14-5(20/200)

=45 48 (27/561) 46 {22/483) 44 (20432) 5322419 5-3(23M435)
Females

13-24 F{BTEETY 82 (68333} T-B{61778} B} (36/601) T334y

25-34 13-3(57/429) E25 (507396} 15-2 (37174) i7-1(63/369) 159 (50/377)

3544 B8 (26294) 95 (237243) 10-5{25238) 19 (k7215 77 (184234)

=45 39{23/5808) 4-04204501) 39 (ITH39) 39 (16108) 42{14/452)
Towal} S(HLHTY) 7-8(28873462) T-8(276/3425) 41(269/3193) TSI

FPeccentages sandardised for sge ind sex.

TARLE n—HI¥-1 prevalince in age groups 1319 ond 20-24 years,
rural ¢ohort, Mazaka, Uganda, 1989-94. Valas are percomtages
(rumber poritve/ietal} of tubieets

Diference in
perentages

Roand | Round § (55% confidence
(1953 (1934} mrerval) Patue
Aalsy
13-19  0-2{1460%) 042501 ~02(-011w0-4) »0-5
20-24 182823 27T (3187) &1 (4410139 <001
Totl 3.4 (29:848) 1-0{3/683) 24 (1 0w 3-8} <¢0

Females
13-1% 4.5 (20601)

25(14331)  20{-01tw4l) 09
20-24  21-3{60v282) (-

19-4(41211) 5390 025

Tol 39 (61883 TIGUTY) 26{-021053) o8

Dauring the period 1989 to mid-1994 the incidence of
HIEV-] infection among adults in the cohort remained
atabout 71000 person years (7-3in 1989-91and 7-1 in
1602-4; data not shown). There was a suggestion of a
decrease in incidence among males aged 13-24 years
from 6411060 person years (7/1094) tw 2-6/1000
{4/1530; P=0-14); however, among females of the
same age the comresponding rates were $2/1000
(9/1100) and 9-7/1000 {14/1442; P=0-7).

At the injtial survey thete were 29 seropositive mates
and $7 seropesitive females in the 13-24 year age
group, In the following four years 75 (27 males, 48
females) moved into the next age group; 19 (all
females}) left the area and ejght (1 male, 7 fernales) died.
The remaining 14 (1 male, 13 females) were still
present as the time of the fourth resurvey and aged less
than 25 years.

Two (1 male, 1 female) seropositive children moved
into the 13-24 year age group; 29 seropositive 13-24
year elds (3 male, 26 female) joined the cohort, 25 of
these after moving into the area; and 19 (4 males and I5
females) seroconverted. Thus at the fourth follow up
survey there were nine seropositive males and 55
seropositve females in the 13-24 year age group,

Discussion

Dwuring four year follow up of a rural Ugandan
cohort we observed 2 significant decline in the preva-
lence of HIY-1 infection among males aged 13-24 and a
non-significant reduction among young females but no
such change in other age groups. This is the first ime
that a decline in HIV-i prevalence is being reporzed for
a sub-Saharan population.

POSSIBLE RIASES

Almaost 90% of those aged 13-2¢ who were resident
in the fourth year of follow up had given one or more
blood samples, suggesting that enrolment bias was
fimited. The rates of non-compliance and of leaving the
area were slightly higher for participants who were
HIV-1 positive than for those who were negatve,
but there was mo indicadon of an increase in these
differences over time; only one seropositive man in the
age group 13-24 left the area. Those aged 13-24 years
who were included in the census but who did not
give a blood sample had a higher mortality (16-8/1000
person years compared with 6-2/1000 among those
participating), 2 finding in support of selective non-
compliance; this group counted, however, for only
11% of the person years of pbservation.

The HIV testing algorithm and gquality control
procedures remained unchanged during the course of
the study.”” " Brrors in the ascertainment of serostatus
cannot be totally excluded, but is is unlikely that they
changed overtime.

Thus, although selective enrolment and non-
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compliance may well have resulted in an underestimate
of the absolute prevalence of HEY, there is ne indi-
cation that there have been major changes in these
differentials over the five years of the study and it §s
improbable that any biases have distorted the main
finding of the study—namely, the substantial decline
in HIV prevalence amoeng young males.

PREVALENCE PATTERNS

The transmission of HIV-1 amoeng adults in this
population is almost exclusively through heterosexual
contact,” and virtually no cases of HIV-1 infection are
found in males aged F7 years or less and femnales aged
13 years or less. The prevalence of HIV-1 infection in
young adulis should therefore closely reflect recent
incidence rates of HIV infection and be sénsitive to
changes over 1ime, Thus, assuming a non-differential
reduction in the force of infection, we would expect to
see the largest changes in prevaleace in 20-24 year old
males and 13-19 year old females. Thls is consistent
with our observations.

When monality, mobility, age effects, and incidence
are taken into account, the decline in seroprevalence in
13-24 year old males seems 1o be explained largely by
the effect of aging and a low incidence. In comparison,
the pattern among young females is more mixed: a
smaller aging effect, a substantial monality (presum-
ably since women are infected at a younger age), a
higher incidence, and a high rate of joining and leaving
the area. The resuling modest decrease in seropreva-
lence in females aged 13-24 years masks whe sub-
stantial decline in prevalence among 13-19 year old
females.

EXPLAGNING THE DECLINE

Study and intervention effects, or 2 combination of
these, may have contributed to the decline in HIV
prevalence. At the start of the study the programme
recruited about 50 people fom the subcounty, and an
additiona) 40 technlcal and support staff were brought
in end accommodated on a permanent basis. A field
office, clinic, and laboratories were set up, and there is
little doubt that the presence of the programme had a
high profil¢ in this rural area. The taking of bloed
samples ¢aused considerable anxdety among the study
population and stimulated heated discussions, More-
over, the start of the study happened to coincide with a
rapid increase of deaths associated with HIV infectien
among long term residents. 1t is probable, therefore,
that a study effect did operate, .

The observed decline cannot be explained by lack of
replacement of subjects at high risk. In a ¢losed cohory
the incidence of HIV-1 infection, in the absence of
other effects, may decrease rapidly with time as
subjects at highest rsk of HIV infecton become
infected and ave not replaced™; however, the group of
young adults who are just entering sexuslly active life
are effectively an open cohort with a high rate of
replacement,

Interventon efforts aiming at reducing the fre-
guency of parmer change, distribution and premotion
of condoms, and the ¢onrol of sexually transmitted
diseases were gradually expanded. The effect of these
efforts was not evaluated. Messages to reduce the
frequency of partner change were inidally delivered
during community meetings, and AFDS awareness
was promoted through song and drama competitions
at schools. From 1992 onwards efforts to change
behaviour became more intense and vsed community
health workers, traditonal birth amendants, and
women and adolescent peer groups. Condoms were
distributed on a limited scale, Community based
condom premotien and distmibution through peer
networks started in 1993; by mid-1994 its scale was
still very limited. Sexually wansmined diseases are
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Key messages

¢ Some reports suggest that the AIDS epidemic
may be stabilising in some African ¢countries

¢ This observational cohort study of a rural
population in Uganda shows an overall stable
previlence

® A significant decline in the prevalence of
HIV-1 among young adult males was observed;
there was a suggestion of a corresponding
deercase in young females

® These findings should encourage the vigorous
pursuit of AIDS control measures

common in this population.” Measures for contred of
sexually transmitted diseases, intreduced in late 1890,
included free treatment, notification of contacts, and
efforts to influence the population’s patterns of secking
treatment; even so, only a relatively small proportion
of people with symptomatic sexvally transmitted
diseases sought treatment in the official health sector
(H U Wagner e ol sixth intemationat conference on
AIDS in Africa, Dakar, 1991). On balance, though, it
seems reasonable to assume that the intervention
efforts initiated by the programme, together with the
activities of the national AIDS contrel programme,
will have had an impact.

The most important result of this study is the
observation that a decrease in infection rates among
young adults is possible, even (n populations with a
relatively high force of HIV infection, with no more
than a medest intensity of interventions. T'o determine
if the transmission of HIV-1 has also decseased among
older age groups will require a longer term cohort
follow up, Even if there was oo effect on the incidence
in older age groups, a reduction in the prevalence of
infection among young aduits is undoubtedly a public
health benefit.

Although in our study the decline in prevalence was
less in wemen than in men, the observed decline is
consistent with the recent results of the national
anteaatal surveillance system,’ suggesting that the
epidemic may be levelling off in at least some rural and
urban areas in Uganda. Tt Is too eacly to conclude that
the epidemic is in decline, but the results of this study
should be reasen for cautious optimism and encourage
the vigorous pursiit of AIDS control measures.
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Modelling the impact of alternative HIV
intervention strategies in rural Uganda

N. Jamie Robinson*t, Daan W. Mulderi%,
Bertran Auvert* and Richard ). Hayes'

Objective: To assess the likely impact on HIV incidence of increased condom use,
a reduction in casual sexual partners, treatment programmes for other sexually
transmitted diseases (STD) and combinations of these in rural Uganda.

Methods: A simulation model for the transmission dynamics of HIV infection and
STD was employed, drawing on data from a rural population cohort in South-West
Uganda wilh an HIV prevalence of 9% among adults in 1990.

Results: For the scenario most consistent with data from the study population, 39%
of all adult HIV infections were averted, in the 10 years from 1990, when condoms
were used consistently and effectively by 50% of men in their contacts with one-off
sexual partners (such as bar girls and commercial sex workers). Reducing by 50% the
frequency of men's sexual contacts with one-off partners averted 68% of infections,
Reducing by 50% the duralion of all STD episodes averted 43% of infections,
Combining these three interventions averted 82% of all adult infections in the 10
years from 1990.

Concluston: A substantial proportion of HIV infections may be averted in general
populations through interventions targeted only on less regular sexual partnerships.

AlDS 1995, 9:1263-1270

Keywords: Simulation model, interventions, HIV incidence, Uganda

Introduction

The World Health Organization (WHO) estimated that
by mid-1994 the cumulative number of adult HIV in-
fedtions in sub-Saharan Aftica was over 10 million. This
is expected to more than double by the year 2000 [1].
In the absence of effective drugs and vaccines, WHO
has called for vigorous efforts to prevent transmission of
HIV infection.

The three main intervention strategies currently em-
ployed by national AIDS control programmes are pro-
motion of condom use, promotion of a reduction in
sexual partriers and treatment programmes for other sex-
ually mansmitted diseases (STD). The relative efficacy
of each of these interventions in general populations is
unknown. Such knowledge is important for guiding in-

tervention policy. One approach to this is by application
of simulation modelling.

The UK Medical Research Council/UK Overseas De-
velopment Administration/Uganda Virus Research In-
stitute (MR.C) Programme on AIDS in Uganda has gen-
erated one of the most complete and extensive datasets
from prospective follow-up of an entire population co-
hort in a rural community in sub-Saharan Africa {2-6].
Simulation modelling scenarios have attempted to repli-
cate recorded characteristics of the study population in
1990, in order to try to improve our understanding of
the transmission dynamics and spread of HIV infection
and STD in rural Uganda ({7} and unpublished data).

In this paper we present results of running simulations
from 1990 to explore the comparative effects of increas-
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ing use of condoms, reducing casual sexual contacts, im-
proving ST treatments and combinations of these in an
advanced epidemic in ruzal Uganda,

Methods

Description of the modef

An earlier version of a simulation model (SimulAIDS)
[8] was modified and extended (1) to allow simultanecus
modelling of the transmission dynamics of HIV infection
and of two STD, and (2) to enable reasonable replica-
tion of observed characteristics of the study population
in rural Uganda in 1990, The motivation to model the
transmission dynamics of STD as well as HIV came from
epidemiological data which, by the late 1980s, suggested
that STD were probably enhancing transmission of HIV
and thus possibly playing an important role in the spread
of HIV infection. The other main changes included the
introduction of migration to enable 2 reasonable fit to
the observed age structure of the rural population, and
more flexibility in sexual behaviour to achieve a better
representation of the observed profile of HIV prevalence
by age and sex.

SimulAIDS is an age-structured sisnulation model with
both deterministic and stochastic elements (based on
Monte Carlo methods) elements. Every individual in the
simulated population is represented by a set of character-
istics, including age, sex, HIV and STD status, type of
sexual relationships and identity of all sexual partners. At
each time step (in this exercise 5 days), events occur with
given probabilites, defined by input parameter values,
and the status of the entire poputation is updated.

Modelling scenarios of the study population in rurl
Uganda have used selected features available in Sirnul-
AIDS, including demography (fertility, mortality, out-
migration), sexual behaviour {represented by one-off,
short-term and long-term partnerships), and transmis-
sion dynamics of two STD (ulcerative and non-ulcer-
ative) and of HIV infection {ie,, with representations
of the nawural history and transmission probabilities per
sexual contact). {See Appendix for descriptions of the
main features of the model used in this exercise.)

Fitting models to data

The model was used to simulate the spread of HIV in-
fection in the Ugandan cohort, from its assumed intro-
duction in 1980, in just one or two individuals, up until
the fust survey of the cohort in 1990, At this time the
characteristics for each individual in the entire popula-
tion were recorded so that simulated interventions could
then be run from the same initial population in 1990.
Values for parameter inputs were chosen on the basis of
data from the cohort and, where necessary, from other
published sources. Input parameters were specified so as
to achieve a reasonable fit to recorded characteristics of
the study population in 1990, including age structure,
HIV prevalence by age and sex, HIV prevalence among

adults 9% and a male-to-female HIV prevalence mtio
of 0.9.

Reesulis are given for two modelling scenarios, defined
by assuming different enhancing effects of STD on HIV
transmission (STD cofactor efects). For one, transmis-
sion of HIV infection per sexual contact was assumed
to be enhanced 10-fold during all episodes of ulcerative
STD, and ewo-fold during episodes of non-ulcerative
STD in women. This was referred to as the low cofze-
tor scenario’. A second scenario employed STD cofactor
effects of 100 and 5, respectively, This was referred to as
the ‘high cofactor scenario’.

A full Hst of the specified input parameter values for
sexual behaviour characteristics (prior to interventions)
and for STD and HIV dynamics are given in Table 1.
Input parameter values for sexual behaviour and for the
probability of HIV transmission were adjusted, for the
two scentarios, to preserve the fit of the model to the
study population in 1990, Simulated prevalence levels
of ulcerative and non-ulcemtive STD in 1990 were ap-
proximately 0.5 and 2.5%, respectively, among both men
and women for the low cofactor scenario, and 0.4 and
1.5% for the high cofictor scenario, respectively, The
difference in simulated STD prevalences between the
two scenarios resulted from employing slightly different
sexual behaviour assumptions while maintaining identi-
cal parameter vatues for STD transmission dynamics.

Values for sexual behaviour parameters were modified
from 1990 to simulate interventions {see below). Other
input parameters related to condom use and STD treat-
ments were ascribed non-zero values from 1990 to sim-
ulate interventions (see below). Additional details on the
medel, on fining modek o the data from the study
population, and on choice of values for parameter inputs
are given elsewhere (see Appendix, [7} and unpublished
data),

Simulating interventions

To model the effect of interventions on HIV incidence,
simufations were run for 10 years fiom recorded pop-
ulations i 1990, The effect of interventions targeted
both at the general population and at one-off sexual
partnerships (such as those with bar girls and commercial
sex workers) were examined. All simulated interventions
were introduced at one time-point (namely 1990).

To assess model projections in the absence of interven-
tions, simulations were run from 1990 without modify-
ing input parameter values.

Condom interventions were simulated by assuming 50
or 100% of men always used condems with their one-
off partiters. The efficiency of condoms in preventing
transmission of both HIV and STD was assumed to be
100%. In practice the efficiency of condom use may
be less than 100% [9]. In this exercise results, therefore,
represent upper bounds for the impact of condom use.

Casual partner reduction was simulated by assuming (1) a
reduction by 50% in the proportion of men with one-off
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Table 1. Specified input parameter values for the two simulated scenarios. For most input parameters one value Ts given, which is used in both
scenarios. For a few input parameters bwo values are given, represeating the different values taken for the low and high sexually transmitted
disease (STD} cofacior scenatios, respectively,

STD cofacior stenarios

Both Low Bigh
Sexual behaviour
Long-term partnerships (LTP; marriage)
inlmum age {years) of F/M in TP 18,0/24.0
Proportion of M with oneftwo LTP 0.65/0.10
Minimum/maximum duration {years) of LTP 5.0M5.0
frequency of sexual contacts between LTP (weekly) 1.5
Shost-term partnerships (STP}
Minimum age lyears) of F/M in STP 13.016.0
Maximum age (years) of F in STP 250 24.0
Maximum age (years) of M in STP 50.0
Proportion of marriedfunmarried M with a $TP 0.3/0.6
Minimurm/maximum duration (days) of STP 40/E60
Frequency of sexual comacts berween STP for
Married M {weekly) 0.5
Unmareied M (weekly) 1.25 1.0
One-off sexual pzarnerships (O5P)
Minimum/maximum age (years) of F in O5P 18.0/35.0
Minlmum age (years) of M in OSP 180 200
Maximum age (years) of M in OSP 69.0
Proportion of marrdediunmarried M having contacts with OSP 0.3/0.4
Frequency of OS5 contacts for marriedfunmarried M (menthly) 0.251.0
Frequency of 05 contacts for F {weekly) X0
5TD
Ulcerative {UCL) $TD
Duration (days) of UCL STD in MJF 12/30
Transmission probability of UCL 5TD per sexval contact M-FF-M 0.30/0.25
Among F having O5 contacts, minimum proportion with UCL STD [+
Non-ulcerative (non-UCL) 5TD
Duration {days) of non-UCL STD in MF 20/50
Tearsmission probabitity of non-UCL 5TD per sexual contact M—F/F-M 0.35/0.20
Amang F having O5 contacts, minimum propodion with non-UCL STD 0.1
HIV infection
Propontion of M-C/sexually transmitted infections developing AIDS 1.01.0
Minimum/maximum AIDS incubation period (yeass) for M-C infections 0.0/2.5
Minimum/maximum AIDS incubation period (years)
for sexually transmitted infections 1.6/7.0
Duration (days) of initlalffinat phase of incubation period 30/100
Survival with AIDS (years) for M-Csexually transmitted infections 0.5/0.5
Probabifity of HIV transmission
fiomMto C 0.3
M-F per contact duting standard phase of incubation period 0.004 0.0015
f-M per conlact during standard phase of incubation period 003105 000029
Muiplying factor for probability of HIV transmission
during Initial and final phase of incubation perlod 10.0
Erhancing effect of UCL $TD either in M or F
on HIV transmission per sexual contact 10 100
Enhancing effect of non-UCL $TD in
M on HIV transmission per sexual contact 1
£ on HIV transmission per sexual contact 2 5

Input vaives for demographic parameters were based on a total fertility rate of 8.6, age-specific background mortality rates taken from the
South rnodel life-table with mortality level 16 for females (F), and an annual net out-migration rate of 2%, These input parameter values were
identical for the two scenarios. M, Male; M-C, mothee—child,

sexual partners; {2} a reduction by 50% in the frequency A package of interventions was simulated by assuming
of sexual contacts of men with one-off partners; and (3) (1) 25% of men always used condoms with one-off part-
the cessation of one-off sexual partnerships. ners, the frequency of sexual contacts of men with one-

STD interventions were simulated by assuming 50 or off partacrs was reduced by 25%, and 50% of all STD

100% of all STD episodes had their duration reduced episodes had their duration reduced by 50%; and {2)
by 502%. 50% of men always used condoms with one-off partners,
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the frequency of sexual contacts of men with one-off
partners was reduced by 50%, and all STD episodes had
their duration reduced by 50%%. Scenarios were also set
up to assess all combinations of the three components of
the full package of interventions both at the 25 and 50%
levels. The components of the full package were referred
to as ‘part package interventions’,

For each simulated intervention the mean annual adut
HIV incidence from 10 replications is given with time,
where HIV incidence is calculated as number of incident
infections divided by total population. The proportion
of HIV infections averted in the 10 years from 1990,
i.e., the efficacy of a particular intervention, was cal-
culated as: 1-(%/9) where § represents the mean cu-
mutlative number of HIV infections in the absence of
an intervention, and ¥ represents the mean cumulative
number of infections in the presence of an intervention.
A confidence interval (CI) for this proportion was de-
rived using the tog(-log) transformation {10]. In this way,
limits for CI were bounded by 0 and 100%.

Results

Figure 1 shows results for simulated HIV prevalence
from 1980 to 2000, in the absence of interventions. For
the high cofactor scenario HIV spreads more rapidly,
peak prevalence is reached earlier, and subsequenty HIV
prevalence declines. Note that input parameter values
were modified slightly for each scenario to give an HIV
prevalence of 9% in adults in 1990, as observed in the
study population.

1 Aduli HIV prevatence (%)

Cofaclor scenario,

197 Low

3

1920 2400

Year
Fig. 1. Simulated projections for mean adult HIV prevaleace

assuming no interventions for the low and high cofactor sce-
narios,

Figures 2a and 2b show the impact on HIV incidence
of introducing condom use in only one-off sexual con-
tacts for the low and high cofactor scenarios respectively.
They give results for no intervention, and also assuming
50 and 100% of men always use condoms for one-off
sexual contacts. For 50% condom use, the 10-year cu-
mulztive proportions of HIV infections avetted for the

4.
(3’)3 fdult HiV inciderce (110084yr)
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— 50%
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Fig. 2. Simulated projections for the (a) fow and (b) high co-
factor scenarios of mean adult HIV incidence, assuming a
proportion of men always use condoms in one-off sexual
contacts,

fow and high cofactor scenarios were 24 and 39%, re-
spectively (Table 2).

Figures 3a and 3b give results of reducing the proportion
of men having one-off sexual contacts or reducing the
frequency of men's one-off sexual contacts. Reducing
the frequency of sexual contacts had a more striking ef-
fect. In just 2 years a 50% reduction in the frequency of
sexual contacts with one-off partners led to 2 reduction
in HIV incidence in adults of more than 50% to nine
per 1000 per year, for the high cofactor scenario. The
corresponding t0-year cumulative proportion of HIV
infections averted was 68% (Table 2).

Figures 4a and 4b show results asuming, from 1930, that
the duration of 50 or 100% of all STD episodes was
reduced by 50%. Results for the hypothetical removal of
all STD from the population are ako included, Assuming
the duration of alt $TD episodes was reduced by 50%, 18
and 43% of infections were averted by 2000 for the low
and high cofactor scenarios respectively (Table 2). In the
case of the high cofactor scenario the effect of removat
of all STD reflects the tole that STD play in maintaining
HIV infection.

Figures 52 and 5b give results for the full package of
interventions, Results are most striking for the high co-




96

Modelling HIV Interventions in Uganda Robinson et al.

Table 2, Percentage of cumutative adult HIV infections averted {95%
confidence intervals) after 10-year simulated interventions?.

Cofactor scenariot

Intervention Low Bigh
Condom use (Fig. 2}
50% 24 (20-30) 39 (34-45)
100% 48 (45-52) 84 (82-85)
Partner reduction {Fig. 3)
50% Proportion 8{3-19) 28 (19-39)
50% Frequency 23 (18-29) 68 (62-74)
100% 45 (41-49) 83 (8§85}
5TD treatment (Fig. 4)
50% 16 5-19) 27 (20-36)
100% 18 (13-25) 43 (34-53)
Remove 36 3442} 83 (81-55)
Ful package (Fig. 5)
25% 29 {(25-35) 56 (48-64)
50% 43 {39-48) 82 (80-84)
Part package at 25% level
Condom use 13 (8-19) 21{12-39)
Partner reduction 4(1-18) 33 (24-45)
STD treatment 10 (5-19) 27 {20-36)
Condom & partner 23 (18-29) 50 (40-61)
Condom & STD 22 (15-28) 37 (30-45)
Partner & STD 22 (17-28) 51 (42-61)
Pant package at 50% level
Conrdom use 24 (20--30) 39 (34-45)
Partner reduction 23 (18-29} 65 (62-74)
STD teeatment £8 (13-25) 43 {34-53)
Condom & partner 39 (36—44) 78 (73-83)
Condom & STD 34 (29-40) 62 {57-68)
Pariner & STD 39 (34-45) 80 (79-82)

“The mean number of cumulative adult HIV Tnfections for the Tow
and high cofactor scenarios in the absence of interventions were
1110 and 770, respectively, 15ee Simulating tnterveations in Meth-
ods for details of simulated interventions. STD, Sexuafly transmined
diseases,

factor scenario (Fig. 5b), where even the package of in-
terventions effective at the 25% level had an immediate
and dramatic effect on reduction of HIV incidence after
1990. On average, HIV incidence was reduced by nearly
50% in the first year, and 56% of infections were averted
by 2000 (Table 2).

Table 2 also gives results of part package interventions.
For the low cofactor scenario the thiee interventions
were roughly equally efficacious. For the high cofactor
scenario, reducing the frequency of men's contacts with
one-off partners was as effective as the combined effect
of increased condom use and STD treatment,

Discussion

SimulAIDS was developed to facilitate simulation of the
transmission dynamics both of HIV infection and STD
in populations in developing countrics, In many de-
veloping countries where prevalence levels of STD are
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307
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Reduction:
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—
—*= 0% Frequency
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Fig. 3. Simulated projections for the (a} low and (b} high co-
factors scenarios of mean adult HIV incidence assuming: no
intervention, a 50% reduction in the proporion of men en-
aging in one-off sexval contacis, a 50% reduction in men's
requency of one-off sexual contacts, and a cessation in one-
off sexual contacts,

high, their control is now considered an important inter-
vention approach, supplementing increased vse of con-
doms and casual partner reduction.

Information on the relative efficacy of different inter-
ventions is required for guiding policy. The gold stan-
dard for assessing this is the randomized controlled trial.
With HIV incidence as the main endpoint, very large
expensive trials are needed. Simulation models provide
a useful alternative, and readily allow the comparison of
many different combinations of interventions.

Conclusions based on modelling exercises, however, of-
ten depend on the detailed assumptions implicit in the
model, and there are rarely adequate data to firmly estab-
lish these. Even though this model was based on one of
the most complete and extensive data sets generated from
prospective follow-up of an entire population cohort
in sub-Saharan Africa, there are limitations in untested
model agsumptions and uncertain input parameter val-
ues. It is therefore difficult to conclude that a particular
representation truly reflects reality. At best, we can report
that particular medelling representations do replicate a
range of documented characteristics fiom the study pop-
ulation reasonably well, Others fail to do so.
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Fig. 4. Simulated projections for mean adult HIV incidence,
assuming the doration of all sexually transmitted disease
(STD) episodes is reduced by 50% in a specified proportion
of cases for the (a) low and (b} high cofactor scenarios,

Since STD cofactor effects per sexual contact are un-
known, three scenarios were developed, defined by as-
suming different enhancing effects of STD on HIV trans-
mission. The two scenarios discussed here were both able
to replicate recorded charcteristics of the study popu-
lation in 1990 [7, and unpublished data], The high co-
factor scenario, however, would 2ppear more consistent
with our current understanding of input parameter val-
ues [11,12]. Furthermore, as discussed below, only the
high cofactor scenario could replicate evolution of the
HIV epidemic in the study population during subse-
quent years of follow-up. For a third scenario, assum-
ing no enhancing effects of $TD on HIV transmission,
empirical results from the study population in 1990 and
during subsequent follow-up could not be replicated for
reasonable input parameter values [7, and unpublished
data],

It is clear, even without application of complex models,
that the widespread and regular use of condoms would
have a substantial effect on reducing HIV incidence lev-
els, This, however, is not likely to be feasible at present,
and thus we sought to explore the likely impact of con-
dom use only in one-off sexual contacts on HIV inci-
dence in the general population. This is unclear in a rural

(@
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Fig. 5. Simulated projections for the (a) fow and tb) high co-
factor scenarios of mean adult HIV incidence, assuming a
full package of interventions.

population where HIV infection is already established
and widespread.

In this exercise HIV incidence was substantially reduced
by promoting condom use, even if only in the less regular
partnerships. Interventions were more effective for the
high cofactor scenario since, in this case, more infections
are attributed to one-off sexual contacts. This in tun is
due to the larger differential in the probability of HiV
transmission berween one-off partners (where STD are
clustered) and longer term partmers. This is consistent
with data from empirical studies [12).

Similar results were obtained whether condonus were
used (i} for all one-off contacts of 50% of the men
(Figs 2a and 2b); (ii) for 50% of one-off contacts of
ali the men; (i) for all one-off contacts of 50% of the
women; and (iv) for 50% of one-off contacts of all the
women [data not shown for (ii}—(iv)]. Combining use
of condoms by men and demand for condom use by
women conferred substantial additional benefits (data not
shown).

With respect to parteer reduction, the more dramatic
impact of reducing men’s frequency of sexual contacts
than the proportion of men having one-off contacts
may be explained as follows. Reducing the frequency of
men’s sexual contacts with one-off partmers results in a
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reduction in HIV incidence among men that have one-
off contacts, and thus also among women with one-off
contacts. In contrast, as the proportion of men having
one-off contacts is reduced (while retaining the same
frequency of contacts), HIV incidence in this group re-
mains roughly unchanged (although the group size di-
minishes). Consequemly, in this case, HIV incidence
among women in one-off sexual contacts also remaing
roughly unchanged {although the group size also dimin-
ishes).

For the high cofactor scemario especially, a substantial
decline in HIV incidence resulted from successfil STD
intervention, Only treating STP in women with one-off
sexual contacts resukted in 2 similar reduction in HIV
incidence (data not shown). However, in rural popula-
tions this group of women is often not easily identifi-
able, For scenarios assuming higher STD prevalence lev-
els, which are not uncommon, the impact of equivalent
STD interventions would be even greater. As discussed
elsewhere (unpublished data), treatment of STD early in
an epidemic may confer substantial additional benefits
{7,13,14].

The impact of STD control measures in a population
will also depend on proportions of viral STD and asymp-
tomatic STD, since these will be little affected by stan-
dard treatment policies. Although STD interventions
should also be aimed at avoidance of sexual contact in
the presence of symptomatic STD, in the case of asymp-
tomatic STD more aggressive approaches, such as mass
STD treatment programmes, are necessary.

The benefits asociated with a combined approach to
intervention may be substantial. Even & package of in-
terventions, each effective at the 25% level led to a strik-
ing reduction in HIV incidence and averted a substantial
proportion of infections.

In the actual study population, HIV incidence during
the first year of follow-up yielded a rate of nine per
1000 per year in adults {15], and has decreased since
{16). This rate is considerably lower than incidence rates
in 1990 generated from simulations. Corresponding to a
prevalence of 9% in adults in 1990, both scenarios gave
an HIV incidence of about 20 per 1000 per year. We be-
lieve that the observed incidence since 1990 represents a
decrease in incidence, possibly as a result of the presence
of the MRC Programme on AIDS in Uganda in the
study area. Without 2 marked increase in condom use or
STD treatment, it is believed that this reduction is due
mainly to a reduction in the frequency of sexual contacts
between irregular partners. Only simulated interventions
for the high cofactor scenario were consistent with these
empirical results,

Additional simulations, assuming that the effect of inter-
ventions was discontinued after 1995, suggest that HIV
incidence would revert back to the pre-intervention lev-
els of 1990 within 10 years (data not shown).

In conclusion, we believe that a substantial proportion
of HIV infections in sub-Szharan Africa may be averted

in the general population, even if interventions are fo-
cused only on less regular sexual partnerships. Interven-
tions which reduce the frequency of men's sexual con-
tacts with irregular partners were more effective in our
simulations than those focused on reducing proportions
of men engaging in frregular parmerships, Wider accep-
tance that women may demand the use of condoms by
their irregular male parmers should further increase the
efficacy of condom interventions. Even in popudations
with relatively low prevalence of STD, treaunent inter-
ventions aimed at STD should also provide a means to
control HIV infection in an advanced epidemic, As also
found elsewhere, pezhaps greatest gains may be made by
combinations of these interventions [17].

The knowledge that the implementadon of these inter-
ventions may substandally reduce the incidence of HIV
infection, as appears to be the case in the study popu-
lation in South-West Uganda, should further strengthen
the resolve of the international community to find the
resources needed to implement and maintain focused in-
tervention programmes in sub-Saharan Africa and else-
where on a much wider scale,
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Appendix

Main features of SimulAIDS employed

Initial conditions

At the beginning of a simulation the computer creates an
initial population. The size of the population is specified
2nd the sex of an individual is randomly chosen. The date
of birth of each individual is randomly chosen using the
specified initial age pyramid as a probability function. Other
individual characteristics are randomly attributed reflecting
values of input parameters. Specified proportions of indi-
viduals may be randomly infected with HIV and STD in-
dependently.

Demography

At each time-step new individuals are created. The number
is calculated using specified fettility rates and the number of
women in the specified reproductive age bands. A newborn
is equally likely to be male or female. To simulate natu-
ral death individuals are removed fom the population. The
probabiliry that an individual is removed from the population
at cach time-step is calctated from the specified age-spe-
cific mortality rates, At each time-step each individual has
a probability of migeating out of the study population, This
probability is calculated from specified values for annuat rate
of out-migration, proportion of out-migrants in specified
age-bands, and the ntio of male-to-female out-migrants,

Sexual behaviour

In SimulAIDS women are assumed to supply the demand for
sex that js generated by the men. Women either have only
one-off sexual contacts, or have a combination of short-term
{casual) ard long-term {regular/marriage) parinerships. Men
have any combination of these three types of partnerships,

Men have 2 maximum of two regular partmers at any one
time, Women have no more than one regular partner. Spec-
ifted proportions of men above 2 given age are randomly
sampled to have one or two regular partners, Their spouses
are randomly chosen from unmatrried younger women, who
are no more than 10 yeats younger and are zbove a specified
minimum age. When necessary, new partnerships are created
to re-establish the proportions. The duration of a regular re-
lationship is randomly sampled from a uniform distribution
bounded by specified upper and lower limits,

Men and women have no meore than one short-term partner
at any time. Specified proportions of men in a given age
range are randomly sampled to have short-term partners,
firstly from those with previous short-term relationships.
Partners of the men ate randemly chosen from younger
women, in a specified age band, and agin firstly from
those with previous short-term partners. As with regular
partnerships, when the proportions drop below their speci-
fied values, new partnezships are created to re-establish the
propertions. The duration of a short-term parmership is also
randomly sampled from a uvniform distribution bounded by
specified upper and fower limits.

When unmarried men reach a specified minimum age, a
given proportion are randomly chosen to have regular one-
off sexual contacts. This characteristic of a2 man remains
constant until marriage, at which point it may change, de-
pending on the specified proportions of married and un-
married men with one-off partmers, The sampling process
in this case differs from that used for long-term and short-
texm partnerships since the proportion of males with one-off
partmiers at any time-step is not kept constant by monitoring
and updating. Men choose one-off partners at random from
the pool of women having one-off contacts. When there
is a shortfall, further wonien ate sampled from those with-
out a regular partner in a specified age band. Having been
recruited they continue to have only one-off partness at a
specified frequency until they reach the specified mavimum
age, after which they cease all sexual activity.

Transmission dynamics of STD

An STD episode is spacified to be of a fixed duration, during
which the probability of transmission per sexual contact is
specified. Each STD episode has z specified probability of
being treated. When treated, the duration of an STD episode
is reduced by a specified amount. To ensure that an STD
is not removed from the population, a minimum prevalence
level may be set. This is monitored at each time-step, and
new STD infections are randomly created if necessary. Enput
parameters for the two STD are identical,

Transmission dynamics of HIV infection

HIV is assumed to be a single virus, Infected individuals
are infectious to others at zll times. A specified propor-
tion of HIV-infected individuals develop AIDS, which is
always fatal. An individuals AIDS incubation period is sam-
pled from z uniform distribution with specified upper and
lower bounds, A specified period with AIDS follows the
incubation period. Sexual transmission of HIV is defined by
a probability per sexual contact. This probability depends
on whether infection is in an early, standard or late phase,
The early phase starts immediately an individual becomes
infected. The Jate phase of infection ends with the onset of
AIDS. The standard phase represents that period not defined
by the early and late phases. HIV transmission per contact is
enhanced by 2 specified amount for the duration of an $TD
episode. For sexual contacts in the presence of any combi-
nation of STD, enhancing eflects on HIV transmission were
assumed to take the maximum value of the individual $TD
enhancing effects. All newborns have a specified probability
of being infected with HIV at birth, which depends on the
specified probability of HIV transmission from mother 10
child, and the proportion of HIV-infected women in the
reproductive age band.
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Discussion: Study Results

The studies presented in this thesis were planned with the aim
of clarifying aspects of the epidemiology of HIV-1 through a
longitudinal study of a rural Ugandan population. On enrolment
cof the cohort, data were collected on the prevalence and risk
factors for HIV-1 infection in adults (Chapter 2). Through
demographic and medical surxveillance of the c¢ohort it was
possible to determine the seroincidence of STDs (Chapter 3), the
postnatal incidence of HIV-1 infection in children (Chapter 4),
the incidence of HIV-1 and the HIV-l-associlated mortality in
adults (Chapter 5), and trends over time in the prevalence and
incidence of HIV-1 infection in adults (Chaptexr 6&). Using data
from the cohort study, simulations were carried out of the
potential impact of alternative intervention strategies (Chapter
7). This discussion follows the order of the chapters.

HIV-1 prevalence

The overall HIV-1 prevalence at baseline was 4.8%. The prevalence
among adults (aged 13 years or more) was 8.2%, a rate similar to
that observed in 1990 among adults living in rural villages in
the neighbouring district of Rakai (l1l). These rates are
considerably higher than those reported for rural villages in
Tanzania [1987 (2), 1990-91 (3}] and Rwanda [1986 (4)],
suggesting that the prevalence of HIV-1 in rural South-West
Uganda is higher than elsewhere in rural sub-Sszharan Africa.

There is a marked heterogeneity in the geographical distribution
of HIV-1. In general the prevalence of HIV-1 infection is higher
in urban areas and roadside settlements than in rural areas (1-
4}, and we observed a prevalence of 40% among adults in a trading
centre on the trang-African highway just 10 miles away from the
study area (5). The high prevalence rates along the trucking
routes in East and Central Africa suggest that it was along these
routes that the infection spread and diffused into the
surrounding countryside (2,3). Travel to areas of high infection
ig known to be associated with HIV seropositivity {6); we found
a more general association of seropositivity with frequency of

travel and destination {Chapter 2.1), and with change of
residence (7). Within the study area too we found a marked
heterogeneity in HIV-1 prevalence bhetween villages; this

variation was not, however, statistically significant (8}.

The age specific prevalence rates {Chapter 5) show a bimodal
distribution typical for sub-Saharan Africa (9}): a relatively
high prevalence among the age-group 0-4 vears, consistent with
mother-to-child transmission; a low prevalence of infection among
those aged 5 to 12 years, indicating a low risk of infection in
this age-group; and a high prevalence among adults, with highest
rates in women aged 15-34 years and in men aged 25-34 years,
consistent with heterosexual transmission. Transmission through
blood transfusions is relatively rare (10} and there is no
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evidence that homesexuality and intravenous drug abuse are risk
factors in this population {(11).

Risk factors for heterosexual transmission

The risk of becoming infected with HIV through heterosexual
contact 1s the product of the following 3 probabilities: (i) of
sexual contact; (ii) that this contact is with an HIV-infected
individual; and (i1ii) that during this contact the wvirus is
transmitted.

The probabilities of sexual contact and of contact with an HIV-
infected individual

Following sexual debut, the main measure of sexual activity is
the rate of sexual contact with one or more partners. Given such
activity, the main factors which determine the risk of sexual
exposure to an HIV-infected individual are the rate of partner
change (12), the extent of concurrent partnerships (13} and the
extent to which individuals in different classes of sexual
activity and different age groups mix (12). For example, in
populations where men have frequent contact with a small group
of hich-activity women, such as prostitutes, and some contacts
with low- activity women, explosive epidemics can be expected
{12).

We found it hard to obtain reliable information on contacts with
prostitutes, and we did not observe an increased risk of HIV-1
infection among men or women who indicated that they had "sex in
exchange for gifts or money" (Chapter 2.2)., Similarly, it was
difficult - to obtain data on the age of recent partners, the
number of concurrent partnerships and on recent partner changes.
Arguably the most wvalid measure for the freguency of partner
change in our studies is the reported number of lifetime sexual
partners, Notwithstanding a considerable within subject variation
on subseguent surveys, there is a strong association between the
reported lifetime number of partners and the risk of HIV-1
infection (Chapter 2.2; 5,14). Mecreover, the strength of the
assoclation is inversely related to the age of the respondents;
this is what one would expect to observe in a relatively recent
epidemic.

cultural and socio-ecconomic determinants of sexual behaviour

Bn understanding of c¢ultural and socio-economic factors that
determine sexual behaviour, and thus the risk of exposure to an
HIV-infected individual, may help to explain mixing patterns and
te guide behaviour change interventions. Our studies are
congistent with the work of others (15) in showing that women
aged 13-24 vears are at a particularly high risk of acquiring
HIV-1 infection because of both behavioural and bioclogical
mechanisms (i6). Men tend to start their sexually active life a
few years later than women; while the risk of HIV-1 infection is
relatively low among men aged 13-21 years, among those aged 22-24
vears the risk is wvery substantial indeed (Chapter 2.1).
Regardless of age, change of resgidence is strongly associated
with an increased risk of infection and is likely to be the
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result of more risky sexual behaviour among those who move (7).
Another important determinant of HIV-1 infection identified in
our study is sgocioeconomic status {Chapter 2.3). It has often
been asgssumed that poor women and rich men are particularly at
risk of HIV-1 infection {17,18). The results of our study
suggest, however, that poverty leads to a greater risk for both
females and males, possibly due to reduced access to information,
education and health care (19). Poverty can also induce damaging
survival strategiegs as poor women may have to barter sex for
material goods. For poor men the association between poverty and
HIvV-infection could be secondary to the rate of infection among
women of the same income stratum.

The probability of HIV-1 transmission

The main (biological) determinants affecting the probability of
HIV-1 transmission during heterosexual contact between a
susceptible individual and an HIV-1 infected person include
sexual practices, circumcision status, condom use, viral
characteristics {including HIV-1 subtypes and strain virulence),
disease stage, and STDs other than HIV (20,21).

In Chapter 2.2 the risk of HIV-1 infection is shown for various
sexual practices. It is of interest to note that there is a
suggestion that men exposed to menstrual blood are at an
increased risk of HIV-1 infection, an observation consistent with
the results of a large Buropean study (22}. In contrast, there
is no indication of an increased risk for women who have sexual
intercourse during menses.

It has been suggested that the use of desiccating substances in
the vagina, a practice which is common in some parts of East,
Central and Southern Africa, may increase the risk of infection
in uninfected women (23,24). In our study we did not observe such
an effect.

Circumcision possibly reduces the susceptibility of uninfected
men to HIV infection {2%)., In the study population circumcision
is exclusively practised by the Muslim community. The results of
our studies show consistently that Muslims are at a decreased
risk compared with non-Muslims. This association does not appear
to be the result of differences in the number of sexual partners,
and may be due to a protective effect of circumcision. Lifestyle
factors cannot, however, be ruled out.

There is compelling evidence that condoms, when properly used,
strongly reduce the risk of sexual transmission of HIV-1 (26-28}.
In the study population (reported) condom use was rare; of males
in the age-groups 13-24 and 25-34 vyears only 25% and 20%
respectively. reported ever having used one,

In vitro gsome viral Isolates replicate more efficiently than
others, and there is strong evidence for a higher
transmissibllity of HIV-1 compared with HIV-2 {29). There is some
epidemiological evidence of differences in transmissibility
between different HIV-1 subtypes. The results from a study in
Thailand suggest that HIV-1 subtype E is associated with a higher
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risk of heterosexual transmission than subtype B (30). HIV-1
isolates of Ugandan origin belong predominantly to subtypes A and
D {31). A study of HIV-1 subtypes and transmissibility has been
planned, using DNA samples from cases identified in the Masaka
cchort.

Several studies have gshown that patients with advanced clinical
disease or profound immunodeficiency are more infectious than
those with early disease (32,33). Similarly, there is evidence
that the infectiousness is higher during the initial viraemic
stage following infection than during the long latent period
{21,34). This being so, most HIV-infected people are healthy
carriers and together they form the largest pool of HIV infection
{35), The Masaka cohort will probably not vield sufficient
transmission events to permit epidemioclogical study of the
assoclation between stage of disease and infectivity.

There is some evidence that genetic factors may influence the
susceptibility to HIV and disease progression (36,37), and the
common caucasian haplotype HLA-Al-B8-DR3 has been associated with
more rapid disease progression {38,392). The results of various
studies have not, however, shown a consgistent pattern. This
inconsistency may simply reflect the small sample size of most
studies, or might be dJdue to geographical variation in wviral
subtypes, ethnic group differences in susceptibility alleles or
to another gene being the actual susceptibility locus, located
within the major histocompatibility complex and closely linked
to the HLA genes under study. Preliminary results of a case-
control study of 117 cases and 374 controls from the Masaka
cohort suggest a lower susceptibility to infection in subjects
with the class II allele DR 1302 (40}.

The immune response to HIV infection is characterised by vigorous
HIV-specific cytotoxic T lyvmphocyte (CTL)} activity. In a study
of HIV-negative female sex-workers with HLA-B35 in The Gambia CTL
activity was identified against HIV-1 and HIV-2 cross-reactive
peptide epitopes, suggesting that the CTL activity may represent
protective immunity against HIV infection (41). & study of
celiular immune responses to HIV-1 among participants in the
Masaka cchort began in 1995 (42).

Sexually transmitted diseases

There is strong evidence from epidemioclogical research and from
studies on viral shedding in genital fluids that other sexually
transmitted diseases facllitate HIV transmission (43). While
early studies had documented that genital ulcer digeases (GUD;
syphilis, chancroid and herpes simplex virus type 2) were a risk
factor for infection with HIV, there 1s recent evidence that non-
ulcerative sexually transmitted diseases, notably gonorrhoea and
chlamydial infection, are risk factors for HIV-1 transmission in
women (16). STDs are known to be highly prevalent in many parts
of Africa (44,45).

To obtaln information on the seroprevalence and incidence of some
important STDs we conducted a study using paired sera from 294
adults enrolled in the general population cohort {(Chapter 3.1).
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The results of this exploratory study suggest that syphilis,
chancroid, chlamydia and herpes simplex virus type 2 (HSV-2)
are common in this population with prevalence rates of 10.8%,
10.4%, 66.0% and 67.9% respectively. We recently completed a
similar but larger study of paired sera from a random sample of
approximately 1000 adults (46). The prevalence of active syphilis
in this sample was 13%, similar to the results of the first study
and to rates reported for other population groups in sub-Saharan
Africa {(Chapter 3.1; 47); studies of pregnant women suggest,
however, that the geographical variation in the prevalence of
syphilis is considerable {48). The observed incidence of HSV-2
among males and females was 6.7 and 10.6 per 100 person years
respectively (46). A compariscon with other African populations
is not possible as no results of other studies are available. In
a study of homosexual men a temporal association was found
between HSV-2 seropositivity and subsequent infection with HIV-1
{49). HSV-2 infection persists 1lifelong and the rate of
recurrence of genital ulcers inereases in immuncdeficient
persons. 8Since HSV-2 1is so common in this population, and
antiviral treatment not affordable, the disease is both important
and preblematic.

Estimates of the per-exposure cofactor effect of GUD on the risk
of HIV transmission during a single heterosexual exposure suggest
an effect of 10-50 for male-to-female transmission, and of 50-300
for female-to-male transmission (50). While these estimates are
subpject to wide margins of error, they indicate that GUD may be
responsible for a high proportion of heterosexually acquired HIV
infections in sub-Saharan Africa. Using a simulation model of the
transmission dynamics of HIV and other STDs, and data from the
Masaka cohort, we estimate that during the first 10 years of the
epidemic (1980-90) over 90% of HIV infections in the cohort were
attributable to STDs (Chapter 3.2). Even under conservative
assumptions, in our simulations STDs played a critiecal role in
the rapid and widespread transmission of HIV infection. The
simulation suggests that with the progression of the epidemic,
when HIV spreads into the less sexually active population where
STDs are less prevalent, the proportion of adult HIV infections
attributable to STDs decreases. The results of these simulations
underscore the potential wvalue of STD contrel measures,
especially if such measures are introduced at the early stage of
an epidemic.

Postnatal incidence and routes of HIV-1 transmigsion in c¢hildren

The main routes of HIV transmission, namely sexual contact with
an infected person, parenteral exposure to infected blood and
mother-to-child, have been well documented. However, concern that
HIV might also be transmitted through other routes, namely non-
sexual ‘casual’ contact or insect wvectors, has been commonly
expressed, These ’‘alternative’ transmission routes can best be
studied in children and we are aware of 7 relevant reports from
sub-Saharan Africa (51,52-58). All these studies were, however,
cross-sectional, making ascertainment of past exposure difficult.
Qur cochort study provided a unique opportunity to determine
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prospectively the relative importance of various transmission
routes among children (Chapter 4). Among approximately 3,900
children aged 0-12 years, who were HIV-negative on enrolment and
had at least one follow-up specimen, only 1 seroconversion was
observed. The transmission of HIV was most probably through
breast milk as the child was breast fed at the time the mother
seroconverted, Postnatal mother-to-child transmission through
breast milk has been well deocumented (59~61) and this risk is
particularly substantial during the viraemic stage of primary HIV
infection (34).

During the 4-vear period of this study a total of 41 seropositive
newborns were enrolled. These children were excluded from further
analysis and it is not possible, therefore, to use our data for
a quantification of the contribution of breast milk to mother-to-
child transmission. The finding that HIV-1 is transmissible
through breast feeding has complicated advice for infant feeding
(62). Breast milk is the prime source of nutrition for most
infants worldwide, and breast feeding should continue to be
promoted in most settings in developing countries as it has many
advantages for infants and mothers.

Apart from mother-to-child transmission, HIV-1 infection of
children in this population is extremely rare. It is assuring
that there was no evidence of transmission through injections,
The study provides the most conclusive evidence to date that
transmission through non-gexual ‘casual’ contact and insect
vectors is extremely small. This evidence should help to dispel
misconceptions.

Adult HIV-1 incidence

The incidence of HIV-1 infection among adults in the cohort was
9.2 per 1,000 person years of observation during the first vyear
of follow-up (Chapter 5.1). Similar rates have been reported for
the rural strata of cohorts in the Kagera region in Tanzania (63)
and the Rakai district in Uganda (64), and for occupational
cohorts in Zaire and Tanzania (65,66). Considerably higher rates,
of the order of 3%, have been reported for urban and mixed
urban/rural cohorts of women of childbearing age in Zambia and
Rwanda {67-70), and still higher rates for high risk groups.

Reported risk factors for the acquisition of HIV-infection are
similar to those reported for prevalent cases and include young
age, being single or divorced, having multiple sexual partners
and a history of STDs (64,70). In view of the relatively small
number of newly infected participants we did not report risk
factors after the first year of follow-up {(Chapter 5.1). During
a 4-year follow-up period a total of 90 adults seroconverted,
corresponding to an incidence of 7.1 (95%CI=5.6-8.5) per 1000
person years. The incidence rates were highest in males and
females aged 25-34 vyears (18.4 per 1000 and 12.6 per 1000
respectively). Other important soclo-demographic characteristics
associated with seroconversion included (i) belonging to a non-
indigenous tribe and (ii) having a religion other than Islam
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(71) .

HIV-l-associated adult mortality

Arguably our most important study results are those on HIV-1-
associated mortality (Chapter S5). While it was clear that the HIV
epidemic in sub-Saharan Africa was the cause of serious illness
and death of hundreds of thousands of adults and children, the
extent of the excess mortality associated with HIV-1 had not been
measured in a general population. Based on analysis of the Masaka
data the substantial excess mortality associated with HIV-1
infection was gquantified for the first time (72). Adults aged 13-
44 vyears testing positive for HIV-1 antibody were 60 times as
likely to die during the 2Z-year observation period as were
otherwise similar persons who tested negative (Chapter 5.2). This
extraordinary high relative risk provides strong evidence that
HIV-1 is the cause of substantial excess mortality (72).

The overall non-standardised adult relative risk of death
associated with EIV-1 in this study was 15.0. This compares with
recent reports on relative risks of 9.5 (95%CI 6.0-14.92) in a
general population in the Rakail District, Uganda (73}, 12.9
(95%CI 5.4-30.7) in an occupational cohort in Mwanza, Tanzania
(66}, and 13.3 (95%CI 10.0-17.2} in the UK population of
haemophiliacs (74). The relative risks, observed in different
populations using different study methods, are remarkably similar
thus adding further credibility to a causal association between
HIV and excess mortality.

Various groups have reported estimates of the proportional
contribution of HIV and AIDS to the adult mortality in urban
populations (75,76}. In chapter 5.2 the 2-year excess mortality
due to HIV-1 infection in a rural population is quantified both
in absolute and relative terms: half of all adult deaths and more
than 80% of deaths among those aged 13-44 years were attributable
to HIV-1. At 4 vear follow up of the cohort these figures were
47% and 74% respectively (77). Similar HIV attributable mortality
fractions have been vreported for a c¢ochort of women of
childbearing age in Rwanda ({78), an occupational c¢ohort in
Tanzanlia (66) and the rural stratum of a population study in the
Rakai District, Uganda (73). The profound impact of the HIV-1
epidemic on mortality in rural Uganda is also reflected by an
estimate of the life expectancy at birth based on data from the
Masaka cohort suggesting that the life expectancy decreased from
51 years in 1980 to 32 years in 1990 (79).

At 2-year follow-up we reported a rapid progregssion from
asymptomatic infection or mild disease to death (Chapter 5.2).
Using 4-year follow-up data and the Xaplan-Meier method for
survival analysis we estimate that the median survival from
infection to.death in the Masaka cohort is approximately 7 vears
for those aged 13-54 vears and only 2.5 years for those aged 55
years or more (preliminary results; 77). This compares with
results from studies of survival following infectlon with HIV-1
among haemophiliac and homosexual populations in North America
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and Europe suggesting a median survival time from infection to
death of 9-11 vears (80-82)., Relatively little is known about
survival rates in developing countries. The results of some
studies (78,83-85) suggest rates similar £o those in
industrialised countries but a recent study among prostitutes in
Nairobi also documented a much faster rate of progression,
corresponding to a median survival from infection to AIDS of 4.4
vears (86). The observed increase in rate of progression with age
is consistent with reports from industrialised countries (81,87-
89), Similar rates were observed for males and females; this
again 1s consistent with reports from industrialised countries
(90-93).

It is clear that there is considerable variation in survival
rates among HIV-infected individuals. Recently, much attention
has been given to healthy long-term seropositives, or "non-
progressors" (94). How might non-progression or, conversely,
rapid progression as discussed above for sub-Saharan patients,
be explained? Most probably by a complex interrelationship of
several independent factors (94} including the pathogenicity of
the infecting HIV strains (95,96), dmmune response (97,98},
genetic factors {99,100}, concomitant infections (101),
nutritional status (102), socioeconomic status (103), and
antiviral therapy and prophylactic treatment (104). Lack of
general medical care may affect both the duration of the
asymptomatic (incubation) period and the duration of symptomatic
survival (101). In this context it is useful to distinguish
between rapid disease progression, marked for example by a rapid
loss of CD4 cells, and premature death as a result of intense
exposure to or lack of treatment for high grade pathogens (105}.
Tt is conceivable that both mechanisms play a role and carefully
conducted prospective studies of incident cases of HIV-infection
are reguired teo clarify this issue.

Trends in HIV-1 prevalence and incidence

During the 4 years of cohort follow-up the overall annual HIV-1
incidence rates were 8.1, 6.8, 5.9 and 8.9 per 1000 person years
respectively, thus providing little evidence of real change over
time (71). Similarly, during the 5-year period the overall
standardised seroprevalence showed little change from 8.2% (95%CI
= 7.4-9.1) at round 1 to 7.6% (6.7-8.5) at round 5. In contrast,
there was a highly significant decrease in prevalence among males
aged 20-24 years from 11.8% to 2.7% (p<0.001); in females aged
13-19 vyears the prevalence fell from 4.5% to 2.5% (p=0.09)
{Chapter 6). Moreover, there was a suggestion of a decrease in
incidence among males aged 13-24 years but not among females of
the same age. Thus, during 4 vyear follow-up we observed little
change in the overall incidence and prevalence of HIV-1
infection, but a highly significant decline in the prevalence
among young males and a non-significant reduction among youny

females.

In some of the major towns of Uganda the prevalence of HIV-1
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among women (median age 22 years) attending antenatal clinics
included in the national sentinel surveillance programme has
declined since 1992; for example, the reported rates from the two
main hogpitals in Kampala, the capital city, fell from 29% to 22%
in one hospital and to 17% in the other {(106). Outside Uganda,
a decline in HIV-1 prevalence has recently been observed among
young Thal men entering military service. The decrease was
observed in men from all regions in the country and at all
educational levels (107),

Unfortunately, no data are available on trends in HIV-1 incidence
in other general populations. Decreasing incidence rates have
recently been reported following successful interventions in
cohorts of prenatal women in Kigali (108) and of prostitutesg in
Nairobi and Kinshasa {109,110). A decrease in incidence has also
been observed in closed cohorts (111,112) as subjects at highest
risk of HIV-1 infection become infected and are not replaced by
new high risk subjects (113). Unchanging HIV-1 prevalence levels
have been reported for wvarious adult populations in Zaire,
Burundi and Rwanda (114-118).

As discussed, the dynamics which underlay the course of the HIV-1
epldemic are complex: soclio-demographic, cultural {notably mixing
patterns and frequency of partner change) and bilological factors,
such as other STDs and circumcision, play a role as well as the
effect of specific interventions (20). Our observation of a
substantial risk of infection in people reporting a stable
partnership or only few gexual partners fits the dynamics of an
STh which is widely distributed in the general population
(Chapter 2; 119). More HIV-l-associated deaths are observed than
new HIV-1 infections, and the relatively high level of HIV-1i
infection among joining adults ({7) explains at least in part the
stable overall prevalence and incidence. Thus, the observations
suggest that in the general adult population under study the HIV
epidemic is in a dynamic equilibrium.

How can the observed decline in prevalence among young adults
best be explained? In the Masaka cohort area intervention efforts
aiming at a reduction 1in the frequency of partner change,
distribution and promotion of condoms, and the control of STDs,
were gradually expanded during the period 1989-94 but by 1994 the
people using condoms or seeking treatment for STDs in the
official health sector were still relatively few (Chapter 6). It
is probable, therefore, that study and intervention effects
together resulted in a change in sexual behaviour. This change
may have included: postponement of first sexuval intercourse; a
reduction in one-off or short-term sexual partnerships; and,
changes in partner choice. It cannot, however, be ruled out that
a modest increase in condom use, improved STD treatment or a
change in the force of infection contributed to the decline,

HIV/AIDS control

Since there is at present no preventive HIV wvaccine or cure for
AIDS, prevention of infection is the only way to fight the
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disease. Attempts to control the epidemic should start as early
as possible since the cost-effectiveness of interventions drops
sharply when infections croggs from high-risk groups into the
general population (120-122). The three main interventicn
strategies currently employed by national AIDS control programmes
are the promotion of condom use (26), the promotion of a
reduction of sexual partners (123,124} and treatment programmes
for other sexually transmitted diseases (122,125,126}, The
relative effectiveness of these interventions in general
populations is unknown and we used data from the Masaka cohort
to explore through computer simulations the relative effects of
each of the three strategies, alone and in different combinations
{Chapter 7). For the scenario most consistent with data from the
study population, 39% of all adult infections were averted when
condoms were used consistently and effectively by 50% of men in
their contact with one-off partners; 68% of infections were
averted when men reduced by 50% the frequency of sexual contacts
with one-off partners; and 43% of infections were averted when
the duration of all STD eplsodes was reduced by 50%. When the 3
interventions were combined, 82% of all adult infections were
averted. Qur main finding isg that the greatest gaing may be made
by a combination of interventions targeted on less regular sexual
partnerships. This result is consistent with the outcome of other
simulation exercises (127).

A review of intervention programmes aimed at changing HIV risk
behaviour concluded that a substantial proportion of such
programmes had produced long-term behaviour change. None of the
reviewed community interventions for heterosexual adults had,
however, a controlled design (124).

To date only one community-randomised trial has besen completed.
This study, in a rural area of Tanzania, showed a 42% reduction
in the incidence of HIV-1 infection as the result of improved STD
case-management (128). This result indicates that the concept of
STD control for HIV prevention can work in general populations
(129). In Thailand, successful HIV/STD control on a national
scale 1s reflected by a decline in STD cases (130) and in HIV-1
prevalence among young men entering the army (107). Two large,
randomised population-based intervention trials are currently
ongeoing. One is a trial of STD mass treatment conducted in the
Rakal District, Uganda. The second trial, described in Chapter
1, is similar in design to the Tanzanian study but comparing
behaviour change approaches and improved STD management

There are at present a number of HIV vaccine candidates but it
is not known whether any of these offer protection, and it will
be many vears before a preventive vaccine of proven efficacy will
be available for large scale use, Therefore, for many years HIV
prevention will continue to depend on the promotion of condom
use, promotion of a reduction of sexual partners, improved STD
management, and counselling and testing. The implementation of
these interventions, based on knowledge currently available,
should not be delaved. For health policy purposes the results of
further controlled efficacy and cost-effectiveness trials are,
however, urgently required. To develop strategies for behaviour
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change that are more effective and adapted to local
circumstances, a clearer understanding is still needed of the
mechanisms underlving the heterogeneity of the spread of HIV in
sub-Saharan Africa, in particular of sexual behaviour patterns,
and risk factors for the heterosgsexusl transmission of HIV.

The development and implementation of primary prevention
approaches is a daunting task, particularly for the resource-poor
countries in sub-Saharan Africa. As daunting for these countries
is the task to provide treatment and care for HIV-infected
individuals (105,131). Recent trial results show that combination
therapy is dramatically more effective than (AZT) monotherapy at
preventing disease progression and prolonging life (132). The
cost of these treatments are, however, prohibitively high and it
is likely that only few patients in sub-Saharan Africa will
benefit. The prospects for a cure at affordable cost being
remote, treatment strategies should focus on the diagnoses and
treatment of infectious complications which are easy to diagnose
and treat, and which occur relatively early on in the evolution
of HIV disease, for example diseases caused by Streptococcus
pneumonia, Salmonella or Mycobacterium tuberculosis (133). Some
HIV-agssociated diseases are preventable., Efficacy ¢rials and
cost-effectiveness studies of interventions for the prevention
of these diseases should have a high priority.
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Implementation of the study: methodological and organisational
aspects

Methodologicai aspects

At the time we embarked on the study it was clear that a major
HIV epidemic was emerging. Information on the epidemioclogy of HIV
in rural populations and contributions to the development of AIDS
control strategies were urgently required. While it was clear
that it would be possible to meet some of our objectives through
cross-sectional and case-contreol studies, the main objectives
would require a longitudinal population-based study (Chapter 1).

Longitudinal population-based studies

Longitudinal population studies are expensive, difficult to
organise and laborious (1). Relatively few such studies have been
conducted in developing countries, and most of these focused on
mother and child health issues {2-6). Recent population studies
include one on the natural history of mycobacterial diseases in
Malawi (7) and studies of the epidemiology of HIV-1, conducted
in the Rakai District, Uganda (8) and the Xagera District,
Tanzania (9). When we started it was not known whether it would
be feasible to undertake an intense and sensitive study of HIV,
STDs and sexual behaviour in a rural population. The preceding
chapters show that the study has been productive and resulted in
information relevant to those concerned with the epidemiology and
control of HIV-1. To which extent have these results external
validity, ie are representative for other areas or populations?
The only objective way of establishing this would be by
conducting similar studies in other areas., Clearly, resources do
not permit this. To some extent it 1is reasgssuring that our
findings regarding HIV-l-associated mortality are similar to
those observed in the rural stratum of the Rakail study {(10).

Among the above mentioned studies the intensity of surveillance
varied considerably, from home visits every two weeks (2,3) to
once annually {5,8) or even less frequently (7). We kept the
cohort under surveillance through annual visits but would have
preferred a greater intensity. This was, however, hot feasible
for financial and logistical reasons. Whether a less intense, and
thus less expensive, effort would have produced results of
similar value, we do not know,.

Objectives

The original objectives of the programme, to clarify aspects of
the epidemiology of HIV-1 infection and the natural history of
HIV-l-associated disease in rural Uganda, and to contribute to
the development of HIV prevention strategies, were rather broad
and did not change during the course of the study. As mentioned
in Chapter 1, study of some risk factors for the heterosexual
transmisgsion of HIV-1, notably the role of STDs, circumcision and
sexual behaviour, were successful only in part. In retrospect we
should conclude that we were perhaps over-ambitious and
optimistic at the time the study started. During recent years the
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difficulty of studying these risk factors has been well
documented (11-13), and it is doubtful whether we could have done
much better. The original study plan gave high priority to a
STD/HIV intervention trial using a village-based randomisation
scheme., It soon became apparent that the mobility of the
population was high and that villages were administrative units
rather than social entities. Since we anticipated substantial
dilution effects, it was decided to use parishes, scattered over
the Masaka District, as the units of randomisation. This trial,
which started in early 1994, is in progress.

Inter-disciplinary and multi-disciplinary approaches

The objectives of studying risk factors for HIV-1 transmission
and methods for HIV prevention, made an inter-disciplinary
approach essential (this is an approach whereby different
disciplines closely collaborate in the design, implementation and
analysis of various studies). It took considerable time and
effort Ffrom all members of the team of epidemiclogists,
clinicians, anthropologists and statisticians, to learn to
understand each other and to manage to contribute effectively to
each others’ studies. The existence of this highly motivated
inter-disciplinary team proved a key factor to success during the
fixrst three years of field research. In 1993-94 the programme
was, for managerial yeasons, re-organised from a strongly
centralised single programme to a structure with semi-autonomous
projects. During this period work on basic and clinical research
igssues became more prominent, and the programme was joined by a
molecular virologist. An inter-disciplinary approach invelwving
laboratory, clinic and field investigators was perceived as
unmanageable, and in stead we opted for an multi-disciplinary
approach whereby investigators from various disciplines were
aware of each others work and interacted as and when appropriate.
Both approaches have their advantages and problems. Research
needs and organisational issues together should determine the
preferred level of intensity in interaction and collaboration.

Study area and population

At the time the study area was selected, there was uncertainty
concerning the extent to which three of the selection criteria
would be met: an HIV-1 prevalence among adults of the order of
5% to 10%; a stable population; and, active support from the
population (Chapter 1). The baseline prevalence of 8.2% in the
adult population was well in the range specified by the first
criterium. As elsewhere in East Africa, migration was, however,
high. During the first year of follow up 13% of the baseline
population changed residence: 7% left the study area, 5% moved
within the village and 1% outside the wvillage but within the
study area. Losses to follow up due to people leaving the study
area, were, however, not cumulative as a proportion of those
leaving returned at a later stage. The interaction with the
community and its leadership was complex. This is often the case
in community-based research, and 1t is not surprising that
intense problems have to be faced when a ‘foreign’ group
endeavours to undertake research on a highly sensitive topic such
as HIV/AIDS (14), Notwithstanding wvarious problems the
cooperation and support from the community was more than
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satisfactory.

Aspects of the field work

Community mobilisation, approaches to enhance participation
The first members of the community toe be involved were the
pelitical leaders, who took an active part in finding
accommodation and in recruiting local staff (14). One of their
number became a fulltime programme employee, working as Community
Liaison Qfficer. He played an important role, with a non-local
Ugandan mobiliser, in an intensive mobilisation campaign which
began in mid 198%. This campaign aimed at informing the
population about the programme and consisted of a series of
village meetings.

Prior to any new research activity in a village, meetings were
first held with the wvillage leaders, £followed by a general
village meeting. After this, the plans were discussed with heads
of household and, finally, with each adult member of a household.
Leaflets in the local language described objectives and practical
details of planned activities. We made it an issue to provide
feed-back to the study participants but were not very successful
in doing this in a systematic way. To plan optimal mobilisation
approaches, we used village profiles which documented networks
of key persons in a village and issues of the day. For the full
duration of the study monthly meetings were held between
programme staff and the highest administrative authority in the
area, and with a local Health Advisory Committee which included
political, religious and medical leaders.

In addition to direct treatment benefits, the study communities
benefitted from a range of community activities including the
development of a community based health care service, AIDS home
care for bedridden patients, an HIV counselling service, a water
spring protection scheme, health education and AIDS prevention
efforts, and income generating activities. Recently, an eye
clinic was opened after an ophthalmclogical survey component had
been added to the surveillance of the population cohort. Further
issues related to community benefits and compliance are discussed
in Chapter 8.3.

Demographic surveillance

Village maps were drawn by field staff using enlarged contour
sketches of existing maps. The mapsg had to be updated annually
since new houses were built continuously and o¢ld one's abandoned.
The maps, although lacking geographical accuracy, were adequate
for survey purposes; at the start of the study aerial photography
was prohibitively expensive and satellite assisted positioning
techniques were in their infancy.

An accurate enumeration of the population was initially difficult
and during the baseline survey double registrations and omissions
of individual residents were not uncommon. This was in part due
te the fact that some individuals considered themselves as
belonging to more than one household; for others, in particular
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children geoing to boarding schools, there was sometimes
uncertainty whether an individual should be c¢ounted as a
resident. The high mobility of the population added to the
enuneration problem. Many of the errors were corrected during re-
surveys and the error rate decreased substantially with time as
the census and medical field teams got to know the population.

On enrolment in the study participants received a persgsonal
identification {ID} number; this number included wvillage and
household codes, and a check-digit to safeguard against
transcription errors. Participants who moved house received a
residence number in addition to their personal ID number. On
enrolment, participants also received an ldentification card.
Prior to the start of the baseline survey the community had not
been in favour of ID cards with photographs. Without these the
cards were of limited use.

Progress of the surveys was monitored on a daily basis by clerks
based at the field station, In all surveys a 10% random sample
of respondents was re-interviewed, on the same day but by a
different interviewer, to assess repeatability. Interviewers were
debriefed by survey facilitatorsg for each single questionnaire,
In ¢general, dquestions were pre-coded and coding would be
completed by the interviewers. The baseline survey included,
however, some open questions and during this survey coding of
some more complex guestions wag done at the field station. Data
were then entered on to databases in Entebbe; c¢hecks for
consistency were run and any dqueries sent back to the field
station for follow up. One of the advantages of working in one
geographical area is that the follow-up of queries is relatively
easy; in studies conducted in a sample of clustexs scattered over
a large area {8,9) such follow-up is time consuming. In our
experience, the feed-back of gueries to the census team, together
with regular supervigion, contributed considerably to the
reliability of the data collected.

To enhance our confidence that ne, or only few, births or deaths
were missed, a c¢ontinuocus birth and death registration was
introduced in 1991 in all 15 study villages. The registers were
maintained by trained village leaders who were supervised on &a
monthly basis. Fortunately, we found a good consistency between
the data collected through the annual census and those obtained
through the continuous registration,

Compliance with the demographic surveys was without exception
good. Moreover, the local interviewers played an important role
as intermediaries between the programme and the community, and
provided feedback on the response to the medical surveys in the
villages, for example on misgivings people had about giving blood
{14) . .

Medical surveillance

During the baseline survey and three following repeat surveys all
consenting persons aged 13 years and over were examined for HIV-
associated signs after a brief medical history had been taken,
A 10% random gample was re-examined. A blood sample was taken
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from all individuals, regardless of age, for whom consent was
obtained: from infants a capillary sample, and from children and
adults a venous sample {of the adults who refused to give blood
very few were willing to give a saliva sample instead).

The medical history included mainly guestions on HIV-associated
symptoms. In order to reduce the semantic discrepancies between
Western medical terms and their nearest vernacular equivalents,
lengthy definitions had sometimes to be used. Moreover, five of

the nine criteria of the <¢linical AIDS case definition
incorporate specific durations (’'for longer than one month’} or
frequencies ('three or more times per day’). The validation of

such reported data is difficult. In the baseline survey, the
repeatability of positive responses given by 342 randomly
selected participants was low, particularly for rare events. For
example, for c¢hronic fever four subjects gave concordant-
positive, 322 concordant-negative and 14 discordant responses
{15) . Unfortunately, there is no obvious way of dealing with this
methodolegical problem,

As in many other communities, people living in the study area are
reluctant to give blood as long as they are healthy, and the
HIV/AIDS epidemic has added to this. Notwithstanding the intense
mopilisation approaches the medical team were often forced to
spend a disproportionate amount of their time on discussions with
participants who were reluctant to give blood. All too often the
going of the medical team was tough: walking long distances
through mud, heavy rains or under a baking sun, sometimes only
to bleed a handful of participants during a working day, and,
occasgsionally, to be abused. No wonder then that the team often
tended to loose heart. A most important task of the supervisors
was to encourage the team members by making them feel that there
work was important and that they were not left on their own. In
additicn, numb routine often tended to take over. This made it
necessary to organige regularly refresher sessions to keep the
team members on thelr toes.

Data management and the role of statisticians

The entry and storage of the vast amount of data generated by a
large longitudinal study used to cause formidable problems,
During the last decade computer hard- and software developments
have, however, changed the situation dramatically. In Entebbe,
the senior programme statistician together with his staff
developed a highly efficient data management system. Once a week
forms and gquestionnaires were transported from the f£ield to
Entebbe. Data were entered by double entry and verification, and
checked for consistency. Within two weeks following completion
of the census of a certain village an updated census list for
that village used to be ready as were working lists for the
medical fileld team and diaries. Where appropriate, reminder and
revisit schedules were produced. Thusg, it is now possible to
manage field data from large studies in guch efficient way that
the data set itself proves invaluable for the day to day
execution of these studies.

The programme statisticians were directly involved in most of the
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programme activities and weekly visits to the field were made by
at least one of them. This direct involvement of the
statisticians in the field work greatly contributed to the
quality of the data collected.

Organisational aspects

The study started in 1988, two years after the end of the Ugandan
civil war. At the time the economy of the country was in a sorry
state. Government institutions, including Makerere University,
the Uganda Virus Research Institute and health facilities were
cash strapped and facing serious shortages of cualified staff,
power failures were very common and communication lines were
poor. Thus, a situation which is rather typical for the poorest
cf the low income developing countries. But there was an
important difference with other countries, namely the presence
of many well educated, motivated and highly skilled people. It
iz worth pointing out that during the years 1988-94 Uganda has
gone through a period of remarkable recovery.

Programme location and organisation

It was agreed in 1988 that the UVRI would be the leading Ugandan
partner for MRC and that the programme would be based at the
Institute. The Memorandum of Understanding between the
Governments of Great-Britain and Uganda specified that the
Director of the UVRI would be the technical ‘counterpart’ of the
head of the MRC programme, and the Head of the Department of
Epidemiology the operaticonal ‘counterpart’. The word
‘counterpart’' has been used in the past for wvery different
concepts, and it would have been helpful if tasks and
regsponsibilities had been set out in some detall shortly after
the start of the programme.

At the UVRI the programme had temporary office accommodation
which housed the administration and statistical unit. New office
and laboratory accommodation was opened in early 1993, as were
a new field clinic and residential accommodation on both sites.
HIV serology work was carried out at the Institute, and elaborate
procedures for monitoring quality control of laboratory work were
successfully developed in collaboration with the virologists
{16); less successful, though, were attempts to improve the
adherence to proper safety procedures in the serology and
vireleogy laboratories.

At the start of the programme it was agreed that the crganisation
of supplies, transport, finances and general administration would
be independent from the Institute. This proved to be a sensible
decision as it made it possible to avoid some of the rather
bureaucratic Government procedures and to reduce competition for
supplies. For the procurement of supplies MRC channels had to be
used, This occasionally resulted in long delays and 1t was not
unusual that goods were received a full year after an order was
placed. MRC head office staff were without exception very
supportive, but tedious bureaucratic procedures and a high turn-
over of head office staff made the system by times painfully slow
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and communication difficult.

It was well recognised in 1988 and following years that the
Government salaries were well below the living minimum, and it
was generally accepted that payment of topping-up allowances was
essential for ensuring dedicated labour. Since no guidelines or
standards were avallable on what constituted reascnable salary
levels for wvarious categories of staff, the doors were
permanently open for new salary demands and staff action. By
agreeing with the staff that salaries would be reviewed twice
annually disrupticons became uncommon. In 1992 salaries were
pegged to the Ugandan salary scales used by the British Foreign
Office. This measure removed the need for salary negotiations
within the programme and, in retrospect, this line should have
been pursued much earlier,.

Another £financial uncertainty during the first years of the
programme was the high rate of inflation in Uganda. The inflation
was often, but not always, offset by a devaluation of the Ugandan
shilling. This made financial planning and budget control
difficult. Serious budgetary constraints were also caused by
devaluations of the pound sterling, Recently, after a long
process of negotiation, a mechanism was put in place to correct
on an annual basis the MRC programme grant so as to take into
account changes in local salaries and the sterling-shilling
exchange rate. The lesson to be learned 1is that for the
implementation of a longitudinal study a strong commitment from
the supporting organisation{s) and flexibility are essential.

Networks and collaborations

As mentioned, by 1988 the severity of the HIV epidemic in Uganda
was becoming apparent. The Government of Uganda openly
acknowledged the fact that it was facing a major problem and
welcomed overseas donor support for research on AIDS. At the same
time, however, there were both in Government and in the
scientific community feelings of being exposed and of unease
about how to deal with the influx of foreign investigators. This
response wag understandable in view of the enormous amount of
publicity which had been given in the mid 1980‘s to the AIDS
epidemic in sub-Saharan Africa by media in industrialised
countries. How fast should one move in such delicate situation
to rally a support network? We decided on a rather cautious
approach, the more so since we did not know whether it would be
possible to successfully implement the population-based study and
wanted to avoid false expectations.

Government officials at national, district and local levels were
extensively consulted at all stages of the implementation of the
programme. A General Advisory Committee was established to advise
on an informal basis on the research direction; members of thig
committee included leading authorities of the Ministry of Health,
AIDS Commission and Control Programme, the University, and the
Uganda Virus Research Institute. This committee functioned wvery
well indeed and facilitated effective communication bestween the
relevant authorities in the country and the programme. We also
established a Technical Advisory Committee to bring together
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leading Ugandan scientists in relevant fields for adwvice, when
regquired, on specific technical and scientific aspects of the
intended research. As a committee this group did not function,
presumably since the interests of individual members of the
committee were too diverse. After a few unproductive meetings we
decided to consult individual members on an ad~hoc basis.

As has been pointed out, the programme is based at the Uganda
Virus Research Institute, and there was extensive interaction
between programme and Institute’s staff. Under an umbrella
agreement with Makerere University collaboration took place with
various Faculties and Institutes, including the Faculty of Social
Science, the Medical School, the Institute of Statistics and
Applied Economics, and the Institute of Public Health. During the
first years of the programme the University struggled, however,
with understaffing in all disciplines and conseqguently,
experienced academic staff members were already burdened with a
heavy workload. Thus, time-wise only limited inputs in programme
activities by experienced academic staff could bhe realised.
Various members of staff of the programme contributed to teaching
activities at the Universlity and held honorary posts. It had been
anticipated that postgraduate students of Makerere University
would carry out their field work in the context of programme
activities. This did not materialise due to communication
problems and poor absorption capacity on the sgide of some
academic departments. Even when high priority is given to
institutional research capacity strengthening, the weakness of
institutional infrastructure itself may act as an obstacle to
improvement.

Initial overseas collaborative links included the Institute of
Tropical Medicine in Antwerp, the Liverpool School of Tropical
Medicine angd the London School of Hygiene and Tropical Medicine.
By mid 1994 more than 15 collaborative links with academic and
regearch organisations in Europe and the United States had been
formalised. Not surprisingly, some collaborations are more
productive (and enjoyable!) than others. There is prokably nc
simple recipe for how to develop a successful collaboration, but
there are a number of clues. First, it 1s essential that the
overseas c¢ollaborator has a good understanding of the local
situation and is appreciative of the wvarious problems that are
inherent in field research in resource-poor c¢ountriesg. Second,
the collaborator should be willing to spend a considerable amount
of time and energy on solving logistical hurdles. Third, both
sides should be diligent in their communication. Finally, in our
experience, collaborations tend to work best when there is money
involved; in other words, when the collaboration appears in the
budget of a grant application rather than in a statement of
intent annexed to the application.

Staff recruitment and training

As mentioned, 1t proved hard to attract experienced Ugandan
academic staff. There are various explanations for this,
including the scarcity of expertise and a reluctancy to work in
a rural community. In contrast, during the initial phase of the
programme we were very fortunate with the recruitment of
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international scientific staff members. These, together with the
senior UVRI scientists on the programme, formed a team of
exceptional dedication and quality.

Recruitment of university graduates went generally well. Grooming
staff can be time consuming, but it has been highly rewarding to
watch some of them grow and mature into competent scientists.
Notwithstanding the importance of in-service training, formal
postgraduate training is often important to give young
researchers the opportunity to reflect and to learn new skills,
and in view of long-term career prospects. While on several
occasions funds were secured to send graduates overseas for a
short period, all attempts to obtain funding for one-year master
courses were in vain.

While it was difficult to recruit experienced laboratory
technologists, for all other technical and support staff there
was an abundance of choice. To select technical and skilled
support staff we relied on formal job interviews. In recruiting
local field sataff school performance may not be a useful
selection criterium: the guality of the performance of a field-
worker depends more on his motivation than on his intelligence
{1). We used to invite approximately twice the number of those
actually required for a certain task, and selected the required
number based on performance during initial training. For example,
from among a large number of local people who had indicated their
interest in working as interviewers 50 were trained, and half of
these were selected for actual field work. Six years on, many of
them are still active in the programme and an invaluable
resource.
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Implementation of the sgtudy: socio-cultural and ethical aspects

Underdevelopment, communication problems, crogs-cultural
differences and the effects of the HIV epidemic, all cause
special challenges when AIDS research is conducted in resource-
poor countries. The chalienges imposed by underdevelopment range
from endemic poverty to the failure of public health sgystems.
Inportant impediments to communication include language problems,
illiteracy and cross-cultural differences in concepts. These
differences pertain to different perceptions and explanations of
the material and immaterial world, and to different scientific,
linguistic or semantic notions {1,2}. A special dimension is
added by the socio-economic disruption, anxiety and stigma caused
by AIDS.

The AIDS pandemic has provoked intense discussions on the rights,
needs and resgponsibilities of individuals and populations; these
issues are often complex and sometimes controversial. Research
involving human subjects has to be in accordance with the ethical
principles respect, beneficence and Justice (3,4). Respect
regquires that individuals are treated with respect for their
capacity for self-determination. Beneficence refers to the
obhligation to maximise benefit and to minimise harm and wrongs.
Justice refers to the obligation to treat each person in
accordance with what is morally right and proper, to give each
person what is due to him or her. These ethical principles can
be conflicting, and the major conflict is between the rights of
the individual and the needs of the population (5). For example,
in an epidemic this problem may be manifested as the conflict
between the right of society to protect itself against the spread
of infection and the ‘c¢ivil’ rights of the groups hit by the
epidemic {6); in trials conflicts may arise between the interests
of patients within the trial and the longer term interest of
obtaining reliable conclusions on which appropriate treatment
policies for future patients can be based (7). Ethical and moral
decisions are often complex. This complexity is increased in
cross-cultural setbtings where differences in norms and values may
fundamentally affect value assessments.

Cross-cultural igsues

Perceptions of physiological functions and of diseases and their
causes affect how people think and talk about their health and
their health needs. For example, among the Baganda in the Masaka
District in Uganda, malaria is an unknown disease concept. Fever
is called omusujja and a range of causes of omusujja are
recognised, including the consumption of corn: in this area,
where malaria is meso-endemic, the population is most severely
affected by the disease at the end of the rainy season, that is,
when the corn 1is ripe {8). This example may illustrate that
indigenous perceptions, more often than not, are hased on a

This chapter is based on a manuscript submitted for
publication.
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coherent and loglcal construct. When conducting a study these
perceptions will have a besaring on which questions can be asked,
how questiong should be asked, and what the best setting is for
an interview. Furthermore, it may follow that an intervention,
particularly a behavioural intervention, is likely to fall if not
introduced or implemented in a way which is appropriate in the
local context.

Conversely, Western investigators will often introduce into local
communities disease or research concepts that are alien., How can,
for example, the concepts of randomisation and of a random sample
be made c¢lear? Most participants in our studies are coffee
farmers and we explained random sampling by referring to the
practice of coffee traders who sample a bag with beans by picking
a few at random; it proved difficult to explain how a computer
could be used for drawing a random sample and members of the
community much preferred to pick names or numbers from a hat.

The difficulty of finding appropriate expressions in the local
language may even occur when this language is the mother tongue
of senior members of the research team. Translation problems tend
to increase with the sensitivity of the subject, and this
particularly applies to sexual behaviour issues. Extensive
training may be required before members of staff feel at ease in
discussing such sensitive lssues.

When cross-cultural differences are ignored it will often be
difficult to bring a study to a good end; it will be impossible
te do justice to the expectations and needs of the study
participants. In the following section we will deal in some
detail with cross-cultural issues related teo informed consent,
confidentiality, counselling, and compliance and coercion.

Consent

The notion of informed consent has been changing during the last
4 decades. For example, forty years ago informed consent with
clinical research meant little more than agreeing with what your
doctor told vyou; the current view is that a patlent must
demonstrate understanding of the i1mplications of his or her
decisions (9). How informed consent should be interpreted in the
context of regearch in Africa has been fiercely debated (10-18).
The predominant view ig that individual informed consent as an
absolute principle should be sought in & culturally-sensitive
way. Clearly, the interpretation of 'informed’ is fraught with
difficulty, particularly when concepts that are unfamiliar in the
local culture are inveolved.

In many traditional settings, the freedom of individuals tends
to be limited as a result of the hierarchical organisation of
society. This makes it often necessary to seek consent at each
hierarchical level (19). In our studies, a three-tiered approach
is used involving the community, househeld and individual levels.
Prior to any new research activity, meetings are first held with
community leaders. These are followed by dgeneral village
meetings, to explain plans and to address concerns. Rarely, a
community refuses to participate (this did happen on one occasion
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shortly after we had started distributing condoms at the
community level, upsetting the religious leadership; extensive
discussions over a few week period were required to defuse the
situation). After the village meetings, the plans are discussed
with heads of househeolds. Finally, each adult member of the
household is met in private, and plans and procedures are
explained. As a rule consent is obtained in writing, but
occasicnally people are reluctant to sign a consent form while
willing to participate in the study and witnessed verbal consent
is then accepted.

Confidentiality

Medical research often involves the collection and storage of
data that, if disclosed to third parties, could cause harm or
distress, and investigators should arrange to protect the
confidentiality of such data {4). Particular attention should be
given to information on forms that may lead to the identification
of individual subjects and to limiting access to forms and stored
data. In addition, research staff should be trained to respect
the privacy of individuals and to protect the confidentiality of
data (20). The risk of disclosure particularly exists in
community-based longitudinal AIDS studies as local members of
staff may sense rather rapidly the HIV-status of some of the
participants,

In communities where the HIV-associated mortality is high, the
AIDS epidemic is causing congiderable anxiety and often there is
the notion that "only promiscuous people get infected". This
situation is compounded in traditional communities where sharing
of personal infermation is common. In such a situation, it may
be incomprehensible for a participant that wvolunteered
information should not become widely known and that a team member
would not have access to all information. This may be felt in
particular when interviewers and HIV counsellors are recruited
locally. In our studies, confidentiality issues are discussed
with participantg and staff members whenever there is a suitable
cpportunity and it is our impression that participants’ concerns
about confidentiality decreased over time (21).

Counselling and disclosure of HIV status

The aim of counselling is to assist people in dealing with the
emotional consecuences of disease. AIDS counselling approaches
in industrialised and developing countries originally evolved
around diseased individuals and their families. Counselling of
healthy individuals who like to be informed about their HIV
status has, however, increasingly gained importance,

Based on the argument that disclosure may help prevent HIV
transmission to others, some investigators insist that study
volunteers should always be informed about their HIV status.
There 1is, however, no evidence that disclosure of HIV status
alone will induce behaviour change. Good counsgelling may do so,
but it is our experience and the experience of others that
infected but asymptomatic individuals are often very reluctant
to inform their sexual partners, even after repeated counselling
{13,22). Moreover, disclosure of HIV status can have socilal
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implications, including the risk of divorce or stigmatisation:
in a study in Nairobi where women were routinely informed about
their HIV-status staff members often heard "I wish you had never
told me" {(16}). From a practical perspective, the position that
all subjects should be informed about their HIV status implies
that all potential volunteers for a study have to be counselled
before informed consent can be given. This may often not be
feasible,

In our view, participants in population-based AIDS studies have
the right to know their HIV status as well as the right not to
know. We developed a community-based counselling service which
took into account the unigque test circumstances and the cultural
context (23), and actively encouraged the study participants to
attend this service.

Mandatory testing without informed consent has nho place in AIDS
research and prevention programmes (24), In situations where the
provision of counselling is not affordable nor practical it is
sometimes possible te anonymise the HIV test results while
preserving linkage tco relevant variables; such methods have been
developed and successfully used.

Compliance and Coercion

Individuals and communities should not be pressured to
participate in a study. However, it can be hard to draw the line
between exerting pressure by offering inappropriate inducements
and providing legitimate reimbursement for efforts (25); local
staff will usually be in the best position to determine the right
balance. In resource-poor settings basic commodities like sugar
or socap can be powerful incentives, and thus be coercive. A
practical problem with material incentives i1s that demands tend
to increase over time, and once such incentive has been given
there may not be a way back. Another approach to enhancing
metivation, as described below, is to offer support for long-term
community initiatives.

While participation is being negotiated, investigators should
spell out clearly what benefit is being offered and refrain from
implicit promises. Once a person enters a study, particularly
someone who is poor and lacks access to medical care, the
investigator assumes some duty to safeguard that person’s health
and welfare (26). From an opportunistic perspective, researchers
have an interest in maintaining the health and welfare of
subjects, as those who are healthy and satisfied are more likely
to be compliant than those who are not (26}. Should non-
participants, such as family members, alsoc be treated? There is
no ethical obligation to do &0, unless participation in a study
has direct implications for family members. While possibly a
useful incentive, there is a risk that the treatment demand will
be exceed available resources. Moreover, once services are
introduced, investigators have some ongoing responsibility beyond
the temporal limits of the study.

In our population-based studies the willingness to participate
varied dramatically, both between villages and from year to year,
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and depended on historical, religious, political and ethnic
issues, as well as the perceived benefit from the study. For each
village we used a village profile, drawn by an anthropologist and
documenting the network of key persons and issues of the day, as
a basis for planning an optimal mobilisation approach.

Benefits for communities and individuals

Part of the benefit that communities and individuals may
reasonably expect from participating in medical research is that
they will be told of findings that pertain to their health (25).
The information should include both the relevant research
findings and their public health implications, and should be
presented to the participants in a way which is locally
meaningful. In addition, the findings should be communicated
without undue delay to the local and national health authorities,
and the scientific community,

In addition to the provigsion of care to study participants
discussed above, it is important that there is a service
commitment to the local population (27). This could include
efforts to improve general health services or non-medical
community services. Communities will often have health priorities
which differ from those held by visiting investigators: shortages
of food, water, and shelter commonly present urgent needs, and
measles and other childhood diseases tend to be important.
Moreover, the absence of a cure for AIDS or a preventive vaccine
may cause communities to put AIDS relatively low on their
priority lists.

If a project is to contribute te the improvement of local medical
cr non-medical servicesg, careful thought should be given to the
avoidance of "donor dependency™. In our studies we started with
assistance to the existing government health facilities with the
aim of helping them to improve their services. Community
activities have been expanded gradually and include community-
based health care, AIDS home care for bedridden patients,
protection of water springs, health education and AIDS prevention
efforts, and income generating activities. The project’s role is
to facilitate these efforts, and the resource inputs are
relatively small., Unfortunately these activities have only partly
satisfied community expectations. Restricted access to the study
clinic has been a sourxce of profound discontent. The community
based health care service and most other developmental activities
supported by the project gave only a few people a sense of
benefit; this 1s understandable since most of these activities
do not result in immediate tangible improvements.

In settings where AIDS is considered an important public health
problem arrangements for the care of AIDS patients (28) and the
introduction or improvement of HIV control approaches are likely
to be perceived as valuable short-term benefits, Investigators
have, moreover, a moral obligation to assist individuals in
protecting themselves against HIV infection and to contribute to
HIV prevention. Clearly, this moral obligation may clash with the
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objectives of observational studies or intervention trials; for
example, the obligation to educate and counsel study subjects may
make it necessary to considerably increase the sample size of an
efficacy trial of a candidate preventive HIV vaccine.

In areas where the prevalence of HIV is high, investigators will
be confronted with the socio-economic consequences of the HIV
epidemic, particularly when studies are long-term. As it is
probable that the socic-economic effects on households and
communities will be felt for decades to come, "emergency" aid,
in the form of one-off material or financial support, will be of
little help. Even if resources would permit such material
support, this kind of aid is likely to damage the often already
vulnerable social fabric (29} and enhance "donor dependency".

Community-based studies enhance their prospects of being
successful when research, care, and prevention efforts build on
existing social networks and structures., In our experience, this
may require an intense interaction between the project and
communtity members. Community participation in research activities
is Yikely to instill a sense of co-ownership and thus enhance the
prospects for success (2,21).

The importance of aveoiding false expectations cannot be over-
emphasized. Raisgsing false expectations, possibly in the hope of
impreving ceompliance, 1s dishonest and may prevent successful
completion of a study or prevent future studies. Thus, an
investigator should explain to candidate study wvolunteers or
communities in a clear and explicit way which immediate and long-
term benefits can be expected. Even when this has been done it
may, in our experience, still be difficult to preveant in a long-
term study the build-up of false expectations. Particular
attention should be given to the avoidance of false expectations
in c¢onnection with studies of anti-retroviral drugs and
preventive HIV vaccines. In recent years, scientific developments
in these fields have had enormous news value. Regardless of
whether investigators are dealing with the press, communities or
individuals, drug- and vaccine- related research must be
discussed with cautious realism.
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Summary

HIV and AIDS are currently among the most pressing global public
health issues, and it is estimated that more than half of all HIV
infected adults and children live in sub-Saharan Africa. In
Uganda, the first cases of clinical AIDS were recognised in 1982
and a few years later it was clear that a major HIV epidemic was
emerging. In 1987, the Government of Uganda requested the help
of the British Medical Research Council (MRC) in dealing with the
ATDS epidemic. This request resulted in the development of a
multidigciplinary research programme, the MRC (UK) Programme on
AIDS in Uganda, which was directed by the author during the
period 1988-94. The aims of the programme are to clarify aspects
of the epidemiology of HIV-1 and the natural history of HIV-1-
assoclated disease in rural Uganda, and to contribute to the
development of AIDS control strategies. This thesis presents
results of studies on the epildemioclogy of HIV-1 in a rural
Ugandan population, carried out as part ¢f the MRC Programme.

Chapter 1 gives background information on the state of knowledge
in 1988 of the epidemiology of HIV-1 in Africa, study objectives
and design, the study area and population, and a summary ¢f the
research carried out during the period 1989-94, In 1988 knowledge
of the epidemiolegy of HIV-1 in Africa was largely based on
studies of patients attending urban hospitals and on selected
urban populations. Since the majority of people in Uganda and
other African countries live in rural areas, it was considered
that there was a pressing need for studies of rural populations.
A prospective gtudy design was required to asgcertain causal
relationships between risk factors and HIV-1 infection, to study
the incidence of HIV-1, and the natural history of HIV-1-
associated disease, and the adopted approach was to combine the
follow-up of a large cohort of a rural population for study of
the epidemiology of HIV-1 with the follow-up of a small sub-
cohort for clinical studies. A cluster of 15 neighbouring
villages was selected in the Masaka district in South-West
Uganda. An ethno-demographic and medical baseline survey of the
15 villages was conducted in 1989-90. Since then the cohort has
been kept under demographic and medical surveillance through
annual repeat surveys.

In Chapter 2 three studies are presented on rigk factors for HIV-
1 infection in adults. The results of these studies confirm the
predominant role of sexual behaviour in the HIV-1 epidemic: the
factor most strongly associated with increased risk of infection
is the number of lifetime sexual partners. People most at risk
of HIV-1 infection in this Ugandan population are women aged 13-
24 years. Men tend to start their sexually active life a few
vears later than women; while the risk of HIV-1 infection is
relatively low among men aged 13-21 yvears, amcong those aged 22-24
years the risk is substantial. An important determinant of HIV-1
infection is socic-economic status. It has often been assumed
that poor women and rich men are particularly at risk of
infection., The results of one of the studies s=uggest, however,
that poverty leads to a greater risk for both males and females,
possibly due to reduced access to information, education and
health care.
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In Chapter 3 two studies are described on the seroprevalence and
incidence of sexually transmitted diseases (STDs), and on the
role of STDs as risk factors for HIV-1 infection, The results of
the first study suggest that infections with syphilis, chancroid,
chlamydia and herpes simplex virus type 2 (HSV-2) are common in
the cohort population. HSV-2 is particularly common. HSV-2
infection persists lifelong causing recurrent genital
ulcerations. In view of its high prevalence, HSV-2 may well be
an important risk factor for HIV-1 infection in this population.
Using a simulation model of the transmission of HIV-1 and other
STDs, and data from the Masaka cohort, we estimate that during
the first 10 years of the epidemic (1980-90) over 90% of HIV-1
infections in the cohort were attributable to STDs. Even under
conservative assumptions STDs played in our =simulationgs a
critical role in the widespread transmission of HIV-1 infection.
The results of these gimulations underline the potential wvalue
of S8TD control measures, especially 1f such measures are
introduced at the early stage of an epidemic.

Chapter 4 describes a study of the post-natal incidence of HIV-1
infection in children. The main routes of HIV-1 transmission,
namely sexual c¢ontact with an infected person, parenteral
exposure to infected blood and mother-to-child, have been well
documented. Concern has, however, been commonly expressed that
HIV might also be transmitted through other routes, for example
non-sexual ‘casual’ contact or insect vectors. These
"alternative’ transmission routes can best be studied in
children. Among 3,900 children aged 0-12, who were HIV-negative
on enrolment and had at least one follow-up specimen, we observed
only one seroconversion. In this case the transmission was most
probably through breast milk. Apart from mother-to-child
transmission, HIV-1 infection of children in this population is
extremely rare. The study provides the most conclusive evidence
to date that the probability of transmission through non-sexual
‘casual'’ contact and insect vectors is extremely small. This
evidence should help to dispel misconceptions.

In Chapter 5 a study is presented on the incidence of HIV-1
infection and two studies on HIV-l-associated mortality in
adults. During the first year of follow-up the incidence of HIV-1
infection was 9.2 per 1,000 person vears of observation, a rate
similar to those reported for other rural areas in sub-Saharan
Africa.

Arguably the most important study results are those on HIV-1-
assoclated mortality. At 2-vear follow-up the mortality among
seronegative adults was 7.7 per 1000 person years and among those
seropositive 115.9 per 1000. Adulis testing positive for HIV-1
antibody were 15 times as 1likely to die during the 2-year
observation period as were otherwise similar persons who tested
negative, Among those aged 13-44 years the relative risk was 60.
Half of all adult deaths and more than 80% of deaths among those
aged 13-44 years were attributable to HIV-1. At 2-year follow-up
we reported a rapid progression from asymptomatic infection or
mild disease to death. Using 4-yvear follow-up data we estimate
that the median survival from infection to death in the cohort
population is approximately 7 vears for those aged 13-54 years.
This compares with a median survival of 11 years in
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industrialised countries. These results show the strong impact
that HIV-1 infection is having on mortality in a rural area of
Uganda where the overall adult HIV-1 prevalence is below 10%, a
rate lower than in many urban areas in sub-Saharan Africa.

Chapter 6 describes a study of the trend in HIV-1 prevalence and
incidence among yeung adults. While the overall adult HIV-1
prevalence and incidence showed little change during 4-year
follow-up, the prevalence among males aged 20-24 yvears showed a
highly significant dJdecrease from 11.8% to 2.7% {p<0.001); in
females aged 13-19 years the prevalence fell from 4.5% to 2.5%
{p=0.09), In addition, there was a suggestion of a decrease in
incidence among males aged 13-24 years, but not among females of
the same age. During the period 1982-94 intervention efforts
aiming at a reduction in the frequency of partner change,
distribution and promotion of condoms, and the control cof STDs,
were gradually expanded in the study area, but by 1994 the people
using condoms or seeking treatment for STDs 1in the official
health sector were still relatively few. It is probable,
therefore, that study and intervention effects resulted in a
change of sexual behaviour among young adults. The most important
result of this study is the observation that a decrease in
infection rates among vyoung adults is possible, even in
populations with a relatively high force of HIV-1 infection, with
no mere than a modest intensity of interventions. This should be
reason for cautious optimism and encourage the vigorous pursuit
of HIV prevention measures.

Chapter 7 describes the results of a simulation study, using data
from the Masaka cohort, to assess the likely impact on HIV-1
incidence of increased condom use, a reduction in casual sexual
partners, treatment of other S5TDs, and combinaticns of these
interventions. For the scenario most consistent with data from
the study population, 39% of all adult infections were averted
when condoms were used consistently and effectively by 50% of men
in their contact with one-off partners; 68% of infections were
averted when men reduced by 50% the frequency of sexual contacts
with one-off partners; and 43% of infections were averted when
the duration of all STD episodes was reduced by 50%. When the 3
interventions were combined, 82% of all adult infections were
averted. The main finding of this study is that the greatest
gains may be made by a combination of interventiocns targeted at
less regular sexual partnerships.

In Chapter 8 the results of the studies are discussed and placed
in a broader context. Methodological and operational aspects of
the implementation of the population-based cohort study are
discussed in some detail, as are socio-cultural and ethical

aspects.
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Samenvatting

HIV en AIDS behoren momenteel tot de ernstigste gezondheids
problemen in de wereld en meer dan de helft wvan alle HIV-
geinfecteerde volwasgenen en kinderen leven in Afrika ten zuiden
van de Sahara. De eerste gevallen wan AIDS in Oeganda werden
geconstateerd in 1982 en een paar jaar later werd duidelijk dat
er een ernstige epidemie op komst was. De Oegandese overheid
verzocht in 1987 de Engelse Medical Research Council (MRC) om
steun bij het ontwikkelen van wetenschappelijk onderzoek op het
gebied wvan HIV en AIDS. Dit vwverzoek resulteerde in de
ontwikkeling van een multi-disciplinair cnderzoeks programma, de
MRC (UK) Programme on AIDS in Uganda, waarvan de auteur de leiding
had gedurende de periode 1888-94, Het programma had als doel bij
te dragen aan de kennis van de epidemioclogie van HIV in ruraal
Ceganda en van het natuurlijk beloop van aan HIV-1 gerelateerde
zilekte, en een bijdrage te leveren aan de ontwikkeling van betere
interventies vwvoor het verminderen van heterosexuele HIV-
transmissie. In dit proefschrift worden resultaten beschreven van
onderzoek naar de epidemiologie van HIV-1 in een rurale Oegandese
populatie.

In Hoofdstuk 1 wordt beschreven wat er in 1988 hekend was over
de epidemiologie van HIV-1 en wat de doelstellingen en opzet van
het onderzoek waren. In dit hoofstuk wordt tevens achtergrond
informatie gegeven over de studie populatie en worden de
verschillende studies die werden uitgevoerd tijdens de periode
1988-94 samengevat., De epidemiologische kennis wvan HIV-1 in
Afrika was in 1988 wvoornamelijk gebaseerd op studies onder
patienten die ziekenhuizen in de grote steden hadden bezocht en
van geselecteerde stedelijke populaties. In Oeganda en vele
andere Afrikaanse landen wonen de meeste mensen evenwel op het
platteland, en er was daarom dringend behoefte aan onderzoek
onder rurale populaties. Het onderzoek dlende prospectief te zijn
teneinde causale relaties wast te kunnen stellen tussen
risicofactoren en infectie met HIV en voor het bestuderen van de
incidentie wvan HIV-1 en het natuurlijk beloop van de ziekte.
Besloten werd tot een combinatie van een groot ruraal cohort voor
epidemiologische studies en een aanzienlijk kleiner sub-cohort
voor klinische studies. Een groep van 15 naburige dorpen in het
Masaka disgtrikt in Zuid-West QOeganda werd geselecteerd voor de
studie. Het eerste ethno-demografisch en medisch onderzoek van
de bevolking in de 15 dorpen vond plaats in 1989-90. Sindsdien
is de bevolking gevolgd door middel van jaarlijks herhalings
onderzoek.

In Hoofdstuk 2 worden drie studies naar risico factoren wvoor
infectie met HIV-1 onder volwassenen beschreven. De resultaten
van deze studies bevestigen het grote belang van sexueel gedrag
voor de HIV-1 epldemie: de risico factor die het sterkst met HIV-
infectie geassocieerd bleek is het aantal seksuele partners.
Vrouwen in de leeftijds groep 13-24 hadden het hoogste infectie-
risico. Mannen worden een paar jaar later sexueel actief dan
vrouwen in de studie populatie, en het infectierisico is relatief
laag onder mannen in de leeftijdsgroep 13-21; onder mannen van
20-24 jaar 1s het risico evenwel substantieel. Een belangrijke
risicofactor is socio-economische status. Het werd algemeen
aangenomen dat met name vrouwen met een lage sociaal- economische
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status en rijke mannen het risico liepen om geinfecteerd te
worden met HIV. Het resultaat van onze studie suggereert evenwel
dat armoede leidt tot een groter risico voor zowel mannen als
vrouwen; een mogelijke verklaring is dat voor de armen in de
samenleving informatie, onderwijs en gezondheidszorg moeilijk
toegankelidjk zijn.

Hoofdstuk 3 beschrijft een studie naar de seroprevalentie en
incidentie van sexueel overdraagbare aandoeningen (SQAs}) en een
studie naar het mogelijk belang van SOAs als risico factoren voor
infectie met HIV-1. De resultaten van de eerste studie suggereren
dat infecties met T. pallidum (de wverwekker wvan syphilis), H.
ducreyl {de verwekker van chancroid), Chlamydia trachomatis (een
verwekker van urethritis) en herpes simplex virus type 2 (HSV-2)
veelvuldig voorkeomen in de studiepopulatie. Infecties met HSV-2
persisteren gedurende het hele leven en veroorzaken terugkerende
genitale ulceraties. Aangezien HSV-2 zeer vesl veoorkomt in deze
populatie is het denkbaar dat het een belangrijke risiceo factor
ig voor HIV-1 infectie. Gebruik makend van een simulatie model
voor de transmissie van HIV-1 en andere SOAs, en van gegevens van
het Masaka cohort, werd een gchatting gemaakt van het percentage
HIV-1 infecties in het cohort die mogelijk het gevolg waren van
co-infectie met SOAs. Het resultaat van deze studie gaf aan dat
gedurende de eerste 10 Jjaar van de epidemie (1980-90)
vermoedeliik meer dan 90% van de HIV-1 infecties in het cohort
het gevolg waren van co-infectie. ©Ook onder conservatieve
aannamen speelden SOAs in onzZe simulaties een kritische rol in
het cntstaan van de HIV-1 epidemie. De resultaten wvan deze
simulaties geven aan dat de preventie en bestrijding van SOAs
waarschijnlijk van groot belang is teneinde een HIV gepidemie te
beperken, in het bijzonder wanneer dergelijke maatregelen in een
vroeg stadium van een epidemie worden geintroduceerd,

Hoofdstuk 4 beschrijft een studie naar de post-natale incidentie
van HIV-1 infectie in kinderen. be belangrijkste manieren waarop
HIV-1 wordt overgedragen zlijn bekend: sexueel contact met iemand
die geinfecteerd is, parenterale blootstelling aan geinfecteerd
bloed, en van moeder-op-kind. Herhaaldeliijk 1s evenwel
bezorgdheid geuit dat HIV ook ¢p andere manieren overgedragen zou
kunnen worden, bij voorbeeld door niet-sexueel "dagelijks"
contact of door insecten. Deze ‘alternatieve’ transmissie
mogelijkheden kunnen het beste bestudeerd worden in kinderen. We
bestudeerden 5,490 kinderen in de leeftijd 0-12 jaar; 3,940 van
deze kinderen waren HIV-negatief aan het begin van de studie en
hadden ten minste een maal een vervolg onderzoek. In totaal werd
slechts 1 sercconversie waargenomen. De transmissie van HIV vond
hoogst waarschijnlijk plaats via moeder melk. De conclusie is dat
afgezien van moeder-op-kind transmissie HIV-1 infectie in
kinderen in deze populatie buitengewoon zeldzaam is en dat de
kans of transmissie door niet-sexueel contact of door insecten
zeer gering is. Het resultaat van deze studie zal hopelijk
bijdragen aan meer effectieve preventie inspanningen door te
onderstrepen dat deze inspanningen met name gericht moeten zijn
op de preventie wvan sexuele transmissie.

Hoofdstuk 5 beschrijft een studie naar de incidentie wvan HIV-1
in volwassenen en twee studies naar HIV-1 ¢geassocieerde
mortaliteit onder volwassenen. De HIV-1l incidentie was 9.2 per
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1,000 perscon-jaren (pj) in het eerste jaar dat het cohort werd
gevolgd. Vergelijkbare resultaten zijn gerapporteerd voor andere
rurale populaties in Afrika.

De belangrijkste studle resultaten zijn ons inziens de
bevindingen betreffende de HIV-1 geassocieerde mortaliteit,
Gedurende de eerste twee jaar dat het cohort werd vervolgd was
de bruto jaarlijkse sterfte 7.7 per 1,000 pjr onder HIV-negatieve
volwassenen en 115.9 per 1,000 pjr onder HIV-positieve
volwassenen. Volwassenen met een HIV-positief testresultaat
hadden een 15 maal groter sterfterisico dan wvergelijkbare
volwassenen met een negatief testresultaat. In de leeftijds groep
13-44 was het relatieve sterfterisico 60. De helft wvan alle
sterfgevallen onder volwassenen was toe te schrijven aan HIV-1
infectie; in de leeftijds groep 13-44 wags meer dan 80% van de
sterfgevallen toe te schrijven aan HIV-1. De data die beschikbaar
waren na twee jaar volgen van het cohort suggereerden een snelle
progressie van asymptomatische infectie naar ernstige ziekte en
dood. Gebruik makend van data voor een vervolgpericde wvan vier
jaar schatten wij dat in de leeftijds groep 13-54 de mediane
overlevingduur na infectie ongeveer 7 Jjaar bedraagt. Ter
vergelijking, 1in geindustrialiseerde landen 1is de mediane
cverlevingsduur ongeveer 11 jaar, Deze resultaten laten zien hoe
ernstig het effect is dat de HIV-1 epidemie heeft op de sterfte
onder volwassenen in een ruraal gebied in Oeganda waar de HIV~1
prevalentie minder dan 10% bedraagt; in vele stedelijke gebieden
in Afrika ten zuiden van de Sahara 1s de HIV-1 prevalentie
belangrijk hoger.

Hoofdstuk 6 beschrijft het wverloop in de tijd wvan de HIV-1
prevalentie en incidentie onder jonge volwassenen. Terwijl de
totale prevalentie en incidentie onder volwassenen weinig
verandering vertoonde gedurende de wvijf studie jaren, nam de
prevalentie onder mannen in de leeftijds groep 20-24 zeer sterk
af van 11.8% tot 2.7% (p<0.001); onder vrouwen in de leeftijds
groep 13-19% daalde de prevalentie van 4.5% tot 2.5% (p=0.09). Er
was bovendien een geringe daling in de HIV-1 incidentie onder
mannen van 13-24 jaar maar niet onder vrouwen van dezelfde
leeftijd. Preventieve maatregelen in het studie-gebied met als
doel het verminderen van het aantal partners, het bevorderen van
condoomgebruik en het verbeteren van de behandeling van SOas,
namen gedurende de periode 1989-94 geleidelijk toe in
intensiteit. Niettemin waren er in 1994 nog maar relatief weinig
mensen die condooms gebruikten of die gebruik maakten van de
officiele gezondheidszorgvoorzieningen voor de behandeling wvan
SOAs. De meest waarschijnlijke wverklaring wvoor de waargenomen
daling in prevalentie onder jonge volwassen is daarom een
verandering in sexueel gedrag mogelijk als gevolg van studie en
interventie effecten. Het belang van deze studie is dat het
resultaat aangeeft dat een afname in het infectie risico onder
jonge volwassenen mogelijk is, ook in populaties met een relatief
hoge infectiedruk, met relatief weinig intensieve interventies.
Dit is een rede voor voorzichtig optimisme maar ook voor het zo
krachtig mogelijk bevorderen van preventieve maatregelen.

Hoofdstuk 7 beschrijft de resultaten van een simulatie studie
naar het waarschijnlijke effect op de incidentie wvan HIV-1 van
verschillende interventies: toegenomen condoom gebruik, afname
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van het aantal eenmalige sexuele contacten, behandeling van SOQAs,
en comblinaties van deze drie interventies. Voor de simulaties
werden data gebrulkt van het Masaka cohort. Voor het scenario dat
het meest consistent was met de cohort data, werd 39% van alle
infecties onder veolwassenen voorkomen wanneer condooms consistent
en effectief werden gebruikt door 50% van de mannen tijdens
sexueel contact met een eenmalige partner; werd 68% van de
infecties voorkomen wanneer de frekwentie van sexueel contact dat
mannen hadden met eenmalige partners werd gereduceerd met 50%;
en werd 43% van de infecties voorkomen wanneer de duur van alle
S0A gevallen met 50% werd gereduceerd. Wanneer in de simulatie
de drie interventies werden gecombineerd, werden 82% van alle
infecties onder volwassenen voorkomen. De conclusie van deze
studie is dat de grootste winst, in termen van reductie van HIV-1
transmissie, kan worden geboekt door een combinatie van condoom
promotie, vermindering wvan het aantal sexuele partners en S0A
bestrijding.

In Hoofdstuk 8 worden de onderzoeks resultaten bediscussieerd en
in. een bredere context geplaatst. Methodologische en operationele
aspecten van de studie worden besproken, evenals socio-culturele
en ethische aspecten.
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