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HIV- 1 incidence and HIV- 1 associated mortality
in a cohort of urban factory workers in Tanzania
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Abstract
Objective-To determine HIV-1 inci-
dence and HIV-1 associated mortality in
a prospective cohort study. To deterniine
whether the cohort is suitable for studies
aiming to determine the impact of inter-
ventions on HIV-1 incidence.
Methods-The study population was a
cohort of 1772 urban factory workers
(1478 men and 294 women) in northwest
Tanzania. The study took place from
October 1991 to September 1993.
Outcome measures were HIV-1 serocon-
version and death.
Results-HIV-l incidence was 1'2 (95%
CI 0.7-2.0) per 100 person-years (pyr).
Crude annual mortality was 4 9 per 100
pyr in those with and 0.3 in those without
HIV-1 infection, giving an age and sex

adjusted mortality ratio of 12*9 (95% CI
5.4-30.7). Of all deaths, 62% were attrib-
utable to HIV-1 infection.
Conclusion-HIV-1 infection was a major
public health problem, being the major
cause ofdeath in this adult population. At
an HIV-1 incidence of 1.2 per 100 pyr, a
large cohort size would be required to
evaluate the impact of interventions on
HIV-1 incidence.
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Introduction
Measuring the incidence of HIV infection is
necessary to determine the rate of HIV trans-
mission. In addition, when studies are
planned to evaluate the efficacy of interven-
tions to reduce HIV transmission, for instance
through condom promotion, control of sexu-
ally transmitted diseases (STDs) or in future
through immunisation against HIV-1, a rea-
sonable estimate of the incidence of HIV
infection is required for the determination of
the size of the sample needed for the study.'
However, there is limited information on the
incidence of HIV-1 infection in Africa,2-'5
probably because incidence can only be mea-

sured in longitudinal studies which are diffi-
cult and costly to perform.'6
HIV-1 infection has been shown to con-

tribute substantially to mortality in hospitals
in Africa.'7-23 An obvious limitation of these
studies is their selection bias, as in Africa
many people die at home. Evidence from pop-

ulation-based studies is starting to emerge: in

Rwanda and Uganda HIV-1 associated mor-
tality was shown to be substantial.'52425
Quantification of HIV-1-associated mortality
is important for assessment and prediction of
the demographic and socio-economic impact
of the epidemic.2 28
A cohort study among urban factory workers

in Mwanza, Tanzania, was started in October
1991 in order to determine the incidence of
and risk factors for HIV-1 infection and other
STDs, describe changes in sexual high risk
behaviour following an intervention, and
describe the natural history of HIV-1 infec-
tion. The prevalence of and risk factors for
HIV-1 infection at intake of the cohort were
found to be similar to those in the general
urban population2930 and risk behaviour was
found to be common: having multiple sexual
partners in the past month was reported by
22% of male and 5% of female workers, while
condoms were used by 3% only.3'

In this paper we describe the HIV-1 inci-
dence and HIV-1 associated mortality in this
cohort from October 1991 to September
1993.

Methods
Study population
The study population comprised workers at a
large urban factory with a work force of 2038
workers (1706 men, 332 women). Enrolment
started in October 1991 and continued
throughout, both for new employees and
those initially declining to participate. A study
clinic was created at the factory to supplement
an existing clinic, as the latter was too small to
cope with additional activities. The study
population was advised that the aim of the
study was to determine the health status of the
workers, with special interest in sexually
transmitted diseases and HIV-1 infection and
they were invited to present themselves for
registration at the study clinic, on a voluntary
basis. The study was in accordance with
national guidelines on HIV testing and was
approved by the ethical committee of the
National Institute for Medical Research. The
data presented here cover a study period of
two years, from 1 October 1991 to 30
September 1993.

Data collection techniques
All respondents were interviewed, physically
examined and underwent laboratory investi-
gations at intake and at four-monthly intervals
thereafter. Free medical treatment was
provided to all study participants at intake,
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follow-up visits, and any time they presented
in between. Where necessary, patients were
referred to hospital for further investigation or
treatment.
The interview took place in a private room

for 30 to 45 minutes in Kiswahili by trained
interviewers, using a structured and pre-
coded questionnaire. Assistant medical offi-
cers carried out the physical examination,
using a pre-coded form. In the study clinic
laboratory 10 ml of venous blood was taken.
Serological testing for HIV-1 antibodies took
place in the reference laboratory of the zonal
hospital with the Vironostika anti-HTLV-III
ELISA (Organon, Boxtel, The Netherlands).
All reactive and weakly reactive samples were
tested with Western Blot (Organon, Epitope,
Beaverton, Oregon, USA). The Western Blot
was considered positive if at least two of the
gp41, gp120, and gp160 bands were pre-
sent.32
A random sample of 10% of sera was

retested on ELISA for internal quality con-
trol. Western Blot band readings were
recorded individually and strips were kept for
inspection. All sera of individuals who were
not HIV-1 positive or negative throughout the
study period were tested by Western Blot as
well. No sero-retroconversions (from HIV-1
positive to HIV-1 negative) were observed.
Comparison of 200 serology results in 1991 at
the zonal laboratory with those of Nijmegen
University showed a 100% agreement.

Pre- and post-HIV- 1-test counselling was
offered to all. After pre-test counselling a sep-
arate blood sample was taken for HIV-1 testing
from those wishing to know their HIV-1 test
result. The HIV-1 results were made known
to the counsellor and through the counsellor
to the individual concerned only. Other staff
at the factory clinic were blind to the HIV-1
status of individuals.

Deaths among study participants were
identified by a follow-up worker tracing non-
attenders and through the welfare officer at
the factory responsible for paying an
allowance to the relatives of the deceased.
The latter officer knew of all deaths identified,
suggesting that his registration of deaths was
comprehensive. The household of the
deceased was visited by an assistant medical
officer two to six months after death to inter-
view the person who had taken care of the
deceased before his or her death. If this per-

Table 1 Incidence ofHIV-I infection in a cohort of 1567 non-HIV-I infected urban
factory workers

Number Number of Person-years Incidence
Age group enrolled of sero- (pyr) of /100 pyr
(years) (HIV-) conversions follow-up (95% CI)

Males
15-25 340 1 211-7 0.5 (00-2.6)
25-34 409 5 342-8 1-5 (0 5-3.4)
35-44 411 7 433-1 1-6(07-33)
45 + 165 2 183-3 1-1 (0-1-3-9)
All males 1325 15 1171-0 1-3 (0 7-2-1)
Females
15-25 105 0 64-7 0.0 (00-5 5)
25-34 97 2 84-3 24 (0 3-83)
35-44 31 0 38-0 00 (00-93)
45 + 9 0 8-0 00 (00-369)
Allfemales 242 2 195-0 1.0 (0 1-3.7)
Total 1567 17 1365-9 1-2 (0.7-2.0)

son was not available the household would be
visited again up to a total of three visits. Data
collection tools used were open-ended ques-
tions, a structured questionnaire, and a death
notification form if available. For those who
died in hospital, hospital records were traced
in order to get the hospital diagnosis. The
probable cause of death was determined from
hospital records if available and otherwise by
consensus of a group of three medical officers,
including one specialist in internal medicine,
blinded to HIV-1 status of the deceased.

Data analysis
Two sets of person-years of follow-up were
calculated. For HIV-1 incidence follow-up
included the time period between the first and
last negative HIV-1 test result plus for sero-
converters half the time period between the
last negative and first positive HIV-1 result.
For mortality the follow-up period included
the time from the first HIV-1 result until the
end of follow-up; the end of follow-up was
defined as the date of: (1) death or leaving the
factory, (2) one year after the last HIV-1
result or (3) 30 September 1993, whichever
came first. Deaths were included if they
occurred inside the defined follow-up period.
The population attributable risk was calcu-

lated as the difference of the mortality rate in
the total population and the mortality rate in
those without HIV-1 infection and the popu-
lation aetiological fraction as the ratio of the
population attributable risk and the mortality
rate in the total population.

Results
Of the 2038 factory workers 1478/1706
(87%) men and 294/332 (89%) women had
enrolled in the study. A total of 471 (27%) of
these were lost to follow-up by the end of the
study period. Defaulting was not associated
with sex or HIV-1 infection (data not shown),
but was higher in those aged below 35 years
(317/1079 = 29%) than in those aged 35
years and over (154/693 = 22%) (X2 10-7; p <
0.01). The rate of defaulting was not associ-
ated with the time of enrolment: in the two
groups enrolling before and after 26 weeks the
rate was 19 per 100 person-years of follow-up.

At intake 153/1478 (10.4%) men and
52/294 (17.7%) women were HIV-1 infected.
In the study period 17 seroconversions took
place in 1365.9 person years of follow-up giving
an HIV-1 incidence rate of 1. 2 per 100 per-
son-years of follow-up (95% CI 0-7-2.0). No
association was found between seroconversion
and age or sex; the power of the study to
detect such associations was limited as the
number of seroconversions was small (table 1).
The crude annual mortality rate was 4.9

per 100 person-years in those with and 0.3 in
those without HIV-1 infection (table 2). The
age and sex adjusted mortality ratio was 12-9
(95% CI 5.4-30 7). The age and sex adjusted
population attributable risk was 0.5 per 100
person-years, and the population etiological
fraction 62%.
Of the 14 HIV-1 infected people who died,
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Table 2 Mortality rates in an urban factory in 205 workers with and 1567 workers without HIV-1 infection

HIV-I infected Non-HIV-I infected

Person- Mortality Person- Mortality
Age group Number* years of rate Number* years of rate
(years) Enrolled Died follow-up (I OO pyr) (95% CI) EnroUed Died follow-up (/I OOpyr) 95% CI

Males
15-24 17 0 21-2 0-0 (00-17-4) 340 1 421-8 0-2 (0-0-1 3)
25-34 71 3 100-8 3.0 (06-9-2) 409 0 561-8 0 0 (0 0-0 0)
35-44 54 9 78-8 11-4 (5-5-21-4) 411 2 629-2 0-3 (0-0-1 1)
45 + 11 1 12-7 7-9 (0-6-43.3) 165 1 257-9 0-4 (00-2-1)
All males 153 13 213-6 6-1 (3-1-10-4) 1325 4 1870-7 0-2 (0-1-05)
Females
15-24 14 0 17-8 0.0 (0 0-20.7) 105 0 132-1 0-0 (0-0-2-8)
25-34 26 0 35-1 0.0 (0 0-10 5) 97 3 131-1 2-3 (0 0-2.6)
35-44 11 1 17-0 59 (0.6-32.3) 31 0 51-1 00 (00-70)
45 + 1 0 1.9 00 (00-842) 9 0 13-3 0-0 (0-0-247)
All females 52 1 71-9 1-4 (0-1-7 8) 242 3 327-5 0.9 (022-27)
Total 205 14 285-5 4-9 (26-8 2) 1567 7 2198-2 0.3 (0-1-07)

*HIV-1 status is given at enrolment. Seroconverters contribute person-years of follow-up to the groups without and with HIV-1
infection before and after seroconversion, respectively.

nine met the criteria of the 1987 revised
CDCtWHO AIDS case definition33: one had
cryptococcal meningitis and eight HIV wast-
ing syndrome. Two others had had weight
loss and fever, but the evidence was inade-
quate to make or reject the diagnosis ofAIDS.
The remaining three without an AIDS diag-
nosis had pulmonary tuberculosis, diarrhoea
and pyomyositis, respectively.

Discussion
In this cohort of urban factory workers with a
prevalence of HIV-1 infection of 12%, the
annual HIV-1 incidence rate was 1.2%. It is
striking that at an HIV-1 prevalence of 12%,
62% of deaths in adults were attributable to
HIV-1 infection, making it one of the most
important public health problems in this
urban, adult population.
The incidence rate of HIV-1 infection in

this study was similar to that in a cohort of
urban health workers in Zaire,34 and rural
population cohorts in Uganda,1415 but much
lower than that of 4.7% in an urban popula-
tion in a neighbouring Region in Tanzania,'1
which also had a much higher HIV-1 preva-
lence (of 24%) at the start of the study period.
Urban women of childbearing age in Rwanda
and Zambia also had higher incidence rates of
3-4%.6 As might be expected, the observed
HIV-1 incidence was much lower than that of
high risk groups in Africa such as spouses of
HIV-1 infected people 7 10 prostitutes8 1213 and
attenders of sexually transmitted disease clin-
ics.5 Low HIV-1 incidence rates of approxi-
mately 2%35 and of 11 %36 were observed in
prostitutes in low prevalence areas, though in
the latter study a rapid increase in incidence
rates over time was noted.36

Mortality rates in those with and without
HIV-1 infection were similar to those
reported from Rwanda,25 while the population
aetiological fraction in the present study of
62% was lower than that in Rwanda (90%),
which is explained by the difference in HIV-1
prevalence (32% in Rwanda and 12% in the
present study). In Uganda, mortality rates
were approximately twice as high, both in
those with and without HIV-1 infection,1524
resulting in a population aetiological

fraction of48% at an HIV-1 prevalence of 8%.'5
The population attributable risk is deter-

mined not only by the prevalence of the risk
factor (HIV-1 infection) but also by the rela-
tive risk or mortality rate ratio. As might be
expected, the mortality rate ratios in these
three studies were not significantly different:
they were reported to be 20-8 in Uganda and
12.9 in the present study, and can be esti-
mated at approximately 28 in Rwanda.
Confidence intervals are particularly wide in
the present and the Rwanda study, because of
the small numbers of deaths in non-HIV-1-
infected people.

It seems likely that a sizeable proportion of
deaths (at least 3/14 = 21%) occurred in HIV-
1 infected people who had not yet developed
AIDS, as was shown in Rwanda,9 Kenya,'9
and among intravenous drug users in the
U.S.,'37-39 although because of data limitations a
precise estimate of this proportion could not
be made. Tuberculosis was diagnosed in 2 out
of 14 deaths; an autopsy study in Ivory
Coast40 suggests that a much larger proportion
of deaths in the study population may have
been attributable to tuberculosis than is evi-
dent from our data.
The study has a number of limitations.

Although total enrolment was reasonable at
87% of those eligible, losses to follow-up were
considerable at 19 per 100 person-years of fol-
low-up. These losses to follow-up were largely
due to two factors: many study participants
did not like to submit blood samples repeat-
edly, and owing to economic difficulties the
factory had to close down temporarily in the
second year of the study, sending staff on
unpaid leave. The first factor might be partly
overcome by more intensive follow-up and
education; the latter factor however, which
affected in particular those in younger age
groups, is much more serious, and may if
repeated jeopardise the continuation of this
cohort study.
The effect of these losses to follow-up may

be an underestimate of the incidence ofHIV- 1
infection, if the incidence is highest in those
less than 35 years old.'4 The effect on the
mortality results is probably limited, as fami-
lies of those sent on unpaid leave still qualified
for receiving an allowance if a worker died.
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For studies aiming to show that preventive
interventions reduce the incidence of HIV-1
infection, a large sample size will be required
to show an effect at a baseline incidence of
1.2%. For instance, if a vaccine against HIV-1
reduced the incidence of HIV-1 infection by
50% from 1.2 to 0.6 per 100 pyr, a sample
size would be required in intervention and
control group of approximately 5500 pyr each
to have a 90% probability of showing that the
vaccine is effective.

In conclusion, HIV-1 infection was a major
public health problem, being the major cause
of death in this adult population. At an HIV-1
incidence of 1-2 per 100 pyr, a large cohort
size would be required to evaluate the impact
of interventions on HIV-1 incidence.
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