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Objectives: To quantify the mortality impact of AIDS in the city of Abidjan (Cote
d’lvoire) by a full scale analysis of mortality trends before and after the onset of the
epidemic.

Design: Data on deaths registered in the 10 vital registration centers of the city
between 1973 and 1992, and data on causes of deaths in the four public hospitals
were coded and investigated. Data on deaths were compared with census data in
order to compute death rates. ‘

Methods: Life tables were computed for each of the 20 years of the study. The trends
in death rates were analysed during the 10 years before the onset of the AIDS epi-
demic (1973-1982) and compared with the changing death rates in the following 10
years (1983-1992). Deaths attributable to AIDS were defined as those in excess of the
original trends. The evolution in the number of deaths in the hospital allowed an
analysis by cause of death.

Results: There was a marked increase in death rates starting in 1986, date of the first
diagnosed AIDS cases in the city. This increase was significant for both sexes, but more
pronounced among men. It was concentrated primarily among young adults (aged
25-44 years) and among older children (aged 5-14 years), and most of it was consid-
ered to be attributable to AIDS and related infections, tuberculosis in particular. When
data were cumulated from 1986 to 1992, approximately 25 000 persons were esti-
mated to have died of AIDS.

Conclusions: The high number of AIDS deaths estimated in Abidjan underlines the
heavy toll already paid by African populations, and calls for intensive action.
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Introduction

The AIDS epidemic was first visible in the early 1980s in
North America, Europe and sub-Saharan Africa, and
somewhat later in South America and South Asia. It
soon became a major cause of death among young
adults, especially men, in the United States and in several
European countries [1-3].

In sub-Saharan Africa, HIV seroprevalence rates in adults
in the reproductive age group (1449 years) vary widely
among the many countries of the continent, and are
among the highest in the world in some countries of
Central, East and West Africa. Large cities and some rural
areas, such as the Rakai district in Uganda and the Kag-
era district in Tanzania, seem to have been the hardest hit
at the early stage of the pandemic. During recent years,
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however, social networks and population mobility have

facilitated the spread of HIV, creating a mosaic of local
epidemics of increasing complexity [4].

The potential mortality impact of AIDS is usually esti-
mated using models based on seroprevalence data, pat-
terns of transmission and probability of transitions from
HIV to AIDS and from AIDS to death [5]. Models based
on seroprevalence rates indicate that AIDS may have a
major mortality impact, and may even reverse the posi-
tive population growth in extreme cases [6,7].

Vital registration data are usually defective in sub-
Saharan Africa, and there is virtually no account of the
mortality impact of AIDS outside a few countries where
cause of death statistics are available, such as South Africa
and Mauritius. Two small scale studies conducted in
Uganda indicated that HIV-seropositive persons had a
risk of death about 10-20-fold higher than HIV-
seronegative persons living in the same conditions [8,9].

Abidjan, the capital city of Cote d’Ivoire, appears to be
particularly badly affected by the AIDS epidemic. Both
HIV-1 and HIV-2 viruses are present the city, but HIV-1
seems to be responsible for the majority of the deaths
[10-14]. Early studies conducted in 1988 indicated that
AIDS was already the leading cause of death among
adults in Abidjan hospitals and responsible for a mortal-
ity increase in the population [15,16]. At that time, the
incidence of AIDS in the city was estimated to be among
the highest in the world, higher than in Haiti or New
York City, two places also badly affected by the virus.

This study builds on earlier work conducted in Abidjan
[17]. It is, however, far more comprehensive than earlier
studies, since it takes into account mortality trends over a
long period of time (20 years) and throughout the whole
population, instead of a simpler comparison of 2 years
based on samples. It reviews the demographic evidence
of the impact of AIDS in the city of Abidjan from all the
available data, and is part of a more comprehensive work
on the mortality impact of AIDS in three capital cities of
West Africa {18,19].

Materials and methods

The study drew information from demographic sources
(vital registration and census data), and from medical
sources (hospital records).

Vital registration and census data

The primary source of data for this study was vital regis-
tration. Deaths in Abidjan are recorded in the 10 vital
registration centers, one in each district (‘commune’) of
the city. These 10 centers weré visited, and all the non-
confidential information available on the death registers
was coded and entered into microcomputers for the
1973-1992 period. Approximately 150 000 deaths cer-
tificates were available for this study. A few registers were

missing, usually away from the center waiting to be
bound in the printing office (fewer than 1% of the total
number of deaths). More details on the data collection
methods can be found elsewhere [18,19].

The main concern with vital registration data in sub-
Saharan Africa is the lack of completeness. However, this
was not the case for adult death registration in Abidjan.
Abidjan, like a few other French-speaking West African
cities (such as Dakar), has a long-standing tradition of
good vital registration going back to the colonial period.
This is in part due to the fact that registration is compul-
sory for burial in the city’s cemeteries. The cormpleteness
was estimated first by comparing the data with the multi-
round survey conducted in 1978 in Abidjan [20]. For
adult men, the registration was found to be virtually
complete, and for adult women, completeness was esti-
mated-to be 91%. However, this was not the case for
children aged 0—4 years, for whom the completeness was
estimated to be 70% in 1978, and may even have
declined over time. Completeness of adult death registra-
tion was also estimated by using the Preston—Coale
method, a standard indirect demographic technique that
compares the age distribution of registered deaths with
the age distribution at the census [21]. The comparison
indicated that death registration in 1975 was 97% com-~
plete for adult men, and 81% complete for adult women,
and there were no evidence of decline in completeness
of adult death registration in 1988 [18,19].

The two censuses conducted in 1975 and 1988 were
used for reconstructing the population by age and sex for
each year between 1973 and 1992. A simple age and sex-
specific log-linear interpolation between the two cen-
suses was used to calculate the population by age and sex
at each timepoint. This allowed us to compute age-
specific death rates for each year, and therefore period
life tables, which were the basis for all further computa-
tions.

Hospital data

Similarly, the four main public hospitals of Abidjan were
visited, and all the available information on causes of
death, either from death certificates or from the admis-
sion registers, was coded and entered into microcomput-
ers. This type of information was much less complete
than the vital registration. First, original data could be
located only for the 1987-1992 period. Prior to 1986,
there were too many elements of information missing to
allow a systematic analysis. Second, even with complete
information, deaths in hospitals for the 1987-1992
period accounted for about one-half of the deaths in the
vital registration: the other half of the deaths had
occurred outside of the hospitals.

Despite this information being rather scanty, it was still
useful for our study. In fact, the increase in the number of
adult deaths between 1987 and 1992 in the hospitals
(3974 deaths) closely matched that of the vital registra-
tion data over the same period (n = 4098). It will be




shown later that this increase was probably due to AIDS
and related conditions (opportunistic infections such as
meningitis, pneumonia, diarrhea, tuberculosis, septicemia
and encephalitis). This indicates that most deaths attrib-
utable to HIV/AIDS were likely to have occurred in the
hospitals. Consequently, the analysis was restricted to the
increase in the number of deaths in the hospital, which
could be compared with the increase in the number of
deaths in the vital registration. We did not consider the
absolute distribution of deaths by cause, as normally
done in other studies, since it was severely biased.

In hospitals, the cause of death information was of vari-
able quality. Some of the available death certificates were
propetly filled in, with an underlying cause of death, an
immediate cause, and an associated cause recorded as rec-
ommended by the World Health Organization. In other
cases, only a single condition was available. In some cases,
distinction was simply made between natural death and
accidental or violent death. The cause of death remained
unknown in a relatively large proportion (31%) of cases.

The first case of AIDS diagnosed in Abidjan’ hospitals
occurred in December 1985. Therefore, the rationale for
this study was that any departure from previous mortal-
ity trends since 1986 could be interpreted as the impact
of AIDS. To further substantiate this demographic argu-
ment, the corresponding increase in deaths was matched
with the cause-of-death information in the hospitals.

Results

Baseline mortality trends, 1973-1982
Some minor improvements in the adult mortality situa-

tion occurred between 1973 and 1985. In 1985, the life

expectancy at age 15 years was slightly higher for men
(50.0 years) than the 1973—1982 average (49.6 years), and
likewise for women: 57.5 years in 1985 compared with
56.8 years average in 1973-1982. This mild mortality
decline was concentrated in the 35-64-year age group
for men and in the 25-54-year age group for women,
among young adults of both sexes.

For children, the situation was markedly different. There
was a rapid (exponential) decline of mortality over the
1973-1982 period, from an estimated probability of
death between birth and age 5 years of 107 per 1000 in
1973 to 41 per 1000 in 1982. This mortality decline
started long before 1973, and was consistent with other
estimates from demographic surveys since 1963, even
though the level of mortality was lower when computed
from the vital registration data because of the low com-
pleteness of death registration for children.

Departure from baseline trends

Among adults, death rates fluctuated around baseline
trends from 1973 to 1985, then increased suddenly in
1986 (Fig. 1). This change was visible in most age groups
and for both sexes, and was particularly strong among
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young men and to a lesser extent among young women.
A measure of mortality increase was computed by com-
paring the observed value of death rates in 1992 with
expected value from previous 1973-1982 trends. For
adult men, this mortality increase was 51% at age 15-24
years, 100% at 25~34 years, 101% at 35—44 years, 20% at
45-54 years, 19% at 55—64 years and 28% at 65—74 years.
For adult women, this mortality increase was about one-
half that of men: 24% at age 15-24 years, 50% at 25~34
years, 48% at 35—44 years, 29% at 45~54 years, 6% at
55-64 years and 29% at 65-74 years.
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Fig. 1. Change in death rates for children (aged 5-14 years)
and young adults (aged 25-44 years) in comparison with the
1973-1982 trend, Abidjan 1973-1992.

Among young children aged 0—4 years, the observed val-
ues of death rates were in general slightly above the trend
line between 1986 and 1991, but slightly below in 1992.
Among children aged 5~14 years for whom the quality
of data was much better, there was again a marked depar-
ture from trends, starting also in 1986 (Fig. 1). By 1992,
mortality of children aged between 5 and 14 years was
49% higher for boys and 56% higher for girls than antici-
pated from the 1973-1982 trend.

Pattern of increase by age and sex

To indicate the differential impact of AIDS by age and
sex, the observed value of the death rate in 1992 was
compared with the ekpected value from the 1973-1982
trend by detailed age group, and for both sexes. Results
revealed two peaks, which were similar for males and
females: a first peak at age 5-9 years and a second peak at
age 30-39 years (Fig. 2). The adult peak matched what
was expected from previous empirical findings, from
seroprevalence data and from models based on sexual
transmission of AIDS [6,17]. In this case, the age group
of 25—~44 years is usually the most affected by AIDS. The
children’s peak was more surprising, which could be due
in part to the acquisition of HIV by blood transfusion. In
Abidjan, malaria anemia and sickle cell anemia are two
frequent pathologies requiring blood transfusion in
infants and young children. There is evidence that the
supply of blood and blood products was seriously con-
taminated by HIV in the early years of the epidemic
[22]. High levels of HIV infection in malaria and sickle
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cell anemia patients who had received blood transfusion
have been documented in Africa [23,24]. The increased
mortality among children aged 5-14 years could also be
due to resurgent tuberculosis among HIV-seronegative

children.
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Fig. 2. Relative increase in age-specific death rates in 1992
compared with the 1973-1982 trend, Abidjan.

Causes of death :
Despite all its limitations, the cause of death information
confirmed the conclusions of the demographic analysis.
In 1992, 6925 deaths were reported in the four public
hospitals compared with 2446 in 1987, a relative increase
of 183%, which was far above the 33% increase in the
population of the city over the same period of time. In
absolute numbers, this increase was roughly equivalent to
that noted in the vital registration. This excess number of
deaths can be broken down by cause of death for broad
age groups (Table 1),

For adults aged 15—44 years, 82% of the increase in the
number of hospital deaths for which a cause was known
(1717 deaths) could be attributed to certified AIDS (374

7

deaths) or opportunistic infections (1030 deaths). For
adults aged 45 years and above, the corresponding pro-
portion was 62% (523 out of 843 deaths). Other causes
of death which contributed to the increase in adult
deaths were malaria (2%), hypertension (5%), cardiovas-
cular diseases (9%), cerebrovascular diseases (3%), cancers
(4%), and accident and violence (1%). Whereas some
cancers might be themselves the manifestation of AIDS,
two causes were likely to be independent from this cause
— malaria, and accident and violence — which com-
bined accounted only for 4% of the increase of deaths in
the 15—44-year age group, the most stricken by
HIV/AIDS. Hypertension also played a minor role in
this age group (3%). It is therefore plausible that
HIV/AIDS was responsible for most of the increase in
hospital deaths among adults.

*Among children aged 5-14 years, certified AIDS and
opportunistic infections contributed 59% to the increase
in the number of hospital deaths with known cause (57
out of 97), which confirms that AIDS was acting in this
age group and was probably responsible for a large part
of the observed increase in mortality. This age group is
also highly vulnerable to tuberculosis, a resurgent disease
closely associated to the AIDS epidemic. Many of the
5-14-year old children may have died of tuberculosis
without being HIV-positive. If this was the case, the
increased mortality could be considered indirectly due to
the HIV/AIDS epidemic. Malaria and violence also con-
tributed significantly (32%) to the increase in the num-
ber of deaths in this age group, the other causes having a
negligible effect.

Among children aged 0—4 years, the increase in the
number of hospital deaths was smaller than the popula-
tion increase. This appeared to be due to a combination

Table 1. Causes of death responsible for the increase in hospital deaths, Abidjan, 1987-1992.

Age group (years)
0-4 5-14 15-44 245 Total
Population increase (1992/1987) 1.28 1.41 1.29 1.41 1.33
No. hospital deaths
1987 908 227 762 549 2446
1992 1118 447 3383 1977 6925
Excess no. deaths, given
population increase —45 126 2401 1201 3683
Main causes of deaths responsible
for the excess no. deaths
Certified AIDS ~2 6 374 102 480
OpFortunistic infections ~94 51 1030 421 1408
Malaria 21 19 46 15 101
Vaccine-preventable -30 3 -27
Other infectious/parasitic diseases -3 -4 16 3 12
Hypertension 58 81 139
Cardiovascular 106 112 249
Cerebrovascular 20 60 83
Cancers -2 7 56 47 108
Early infancy 105 105
Malnutrition - 98 2 -96
Maternal -20 5 -15
Accident and violence 12 12 31 -4 51
Other/unknown 45 29 684 358 1082
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Table 2. Estimations of deaths attributable to AIDS by age and sex in Abidjan, 1992 (deaths cumulated over the 1986-1992 period).

Male deaths

Female deaths

Deaths

attributable
Age group Registered Expected Registered Expected to AIDS

(years) M (2) (3) 4) (1-2+3-4)
0-4 7406 6914 4874 3842 1524
5-14 2993 1571 1665 908 2179
15-24 4102 2794 3091 2771 1628
25-34 9162 2430 3145 2359 7518
35-44 9450 2877 2217 1498 7292
45-54 6282 5004 1485 1099 1664
55-64 4792 4069 1405 1320 808
>65 4306 2283 1549 1450 2122
Total 48493 27942 19431 15247 24735

Expected number of deaths were obtained by extrapolating the 1973-1982 trends in death rates to each year of the 1986-1992 period,
and multiplied by the corresponding population in each age group. Expected deaths at age 0—4 years may be underestimated due to
lack of completeness of the death registration. Expected deaths at age = 65 years for men may be underestimated due to differential age
misreporting in the 1975 and 1988 censuses. Therefore, the derived estimate of deaths attributable to AIDS at age 04 years and 2 65
years may be overestimated. Estimates for women may also be underestimated to lack of completeness of death registration. Deaths of
Abidjan residents who died elsewhere could not be counted. See Results for further details.

of two factors: (1) the mortality decline visible in the
vital registration data, and (2) a very small number of
certified AIDS deaths in this age group. Furthermore, the
number of certified AIDS deaths in 1992 (one case
among children aged 0—4 years against 499 cases in other
. age groups) was even smaller than the number of con-
firmed AIDS cases in 1987 (three cases). AIDS was cer-
tainly present in this age group, and was in fact found in
more detailed hospital studies, but in smaller numbers
than with other causes of death [17].

Mortality impact

Assuming that the increase in death rates since 1986
could be entirely attributable to HIV/AIDS, the mortal-
ity impact of AIDS was computed by summing over the
7 years from 1986 to 1992 the number of deaths in
excess of those expected from the 1973-1982 trend.
Results by age and sex indicate that the largest increase
was among men aged 25—44 years and among children
aged 5—14 years of both sexes (Table 2). In total, approxi-
mately 25 000 deaths were attributable to HIV/AIDS in
the city of Abidjan since the beginning of the epidemic.

The number of deaths attributable to HIV/AIDS
increased dramatically year by year, from 1986 to 1992
(Fig. 3). This pattern of increase was faster than a linear
increase but slower than an exponential increase, which
was consistent with what is known of the dynamics of
the AIDS epidemic due to sexual transmission [25].

Applying a back-calculation model, the number of adult
male deaths attributable to HIV/AIDS was used to esti-
mate AIDS cases and HIV infections year by year from
1982 to 1992 [18,19]. The HIV epidemic curve was
found to be accurately fitted by a gamma function,
which has been used successfully to model the North
American AIDS epidemic [26]. The model estimated
that the cumulated total number of infections among
survivors in 1992 was approximately 91 500 infected
persons (plus 25 000 deaths) for an estimated population
of 724 000 men — that is a seroprevalence of 13%. This

Number of deatits

-

Fig. 3. Estimated number of deaths attributable to AIDS in
those aged 15~74 years, Abidjan 1986-1992.

estimate of seroprevalence for men is consistent with two
independent estimates of HIV-1 seroprevalence (11 and
14.8%) among pregnant women conducted in Abidjan
in the same year (1992), and with an earlier estimate of
HIV-1 seroprevalence (8%) among male blood donors in
1990 [27-29]. Similarly, the low estimate of death attrib-
utable to HIV/AIDS among children aged under 5 years
was also consistent with the low estimate of HIV-1 sero-
prevalence among healthy children of 0.8% in 1989 [17].

Discussion

Our crude estimate of the number of deaths attributable
to AIDS may suffer from several biases. First, due to inac-
curacy in some of the data, the number of deaths attrib-
utable to AIDS obtained by difference between observed
and expected values of death rates may lead to a serious
bias of the impact of AIDS among young children (aged
0—4 years), and in the elderly population (aged 65 years
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and above). In contrast, it was certainly underestimated
for women (because of underregistration of deaths), and
for migrant workers of both sexes who went back to
their country of origin in the interval between the onset
of AIDS and death. Assuming that the tendency was to
overestimate the impact among children and the elderly
and to underestimate the effect among young adults, the
crude estimate of 25 000 AIDS-related deaths could be
taken as a plausible estimate, but should be given a wide
confidence interval.

Similarly, we attributed all the increase from previous
mortality trends to AIDS, although it is possible that
mortality increased at the same time for a few causes of
death unrelated to AIDS, such as malaria, accident, vio-
lence and hypertension. Unfortunately, data on mortality
by cause of death were not available for the years prior to
1986, and were too incomplete for 1987-1992 to war-
rant such an analysis. Even if these other diseases had
played a role in the mortality increase, it must have been
minimal. Furthermore, if these diseases were increasing,
others must have been decreasing in about the same
numbers, since overall mortality was slightly decreasing
prior to 1986. Adult mortality started to increase dra-
matically from 1986, shortly after the date at which
AIDS was first clinically documented in Abidjan hospi-

. tals, It was therefore reasonable to attribute all of the

mortality increase to HIV/AIDS, assuming that the small
increase due to malaria, accident and violence, and
hypertension tended to be compensated by the other
causes which were declining at the same time. It would
be surprising indeed if the other increasing causes of
death all started to increase at the same time as AIDS, and
that the decreasing causes all stopped decreasing in 1986.

The other alternative explanation to the changing trends
in mortality may have been that mortality was rising
because of the economic crisis and the structural adjust-
ment policy. This can be ruled out. If it had been the
case, most of the increase would have been among chil-
dren and young women, and mostly among vaccine-
preventable diseases, which are the most susceptible to
this type of situation. The contrary was observed: mor-
tality from vaccine-preventable diseases was still declin-
ing in 1992, and young men were the most affected by
the mortality increase. It should be noted that great
efforts were made in the mid-1980s to increase vaccine
coverage, in particular for measles, an action that usually
has a dramatic effect on mortality decline.

The order of magnitude of the mortality impact of AIDS
in Abidjan, 25 000 AIDS deaths by 1992, is much higher
than the official estimates based on certified AIDS cases:
14 655 for the whole country by 1992 [30]. This type of
underestimation is considered classic for sub-Saharan
Africa [2]. Extrapolated estimates from vital registration
data imply a ratio of one certified case for seven in the
population [18,19]. This is due to the fact that only one-
half of the deaths occur in hospitals and that, among

{
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these, not all are fully diagnosed and match the official
definition of AIDS, which is known to be highly specific
but to have a relatively low sensitivity [31].

In 1992, the number of registered deaths in the general
population (n = 11 639) was more than twice that fore-
cast by the 1973-1982 trends (n = 5725). The mortality
increase had cost 4.6 years in life expectancy at age 15
years for men, and 1.4 years for women, reversing for the
first time in decades the declining trend in mortality in
the country. This very rapid doubling of mortality in a
few years has virtually no equivalent in the recent world
history, outside of major political crisis, such as the dis-
mantling of the Soviet Union and the changing political
system which followed, or the massive destruction of the
health system caused by a revolutionary movement such
as in Mozambique [32,33]. However, it should be noted
that, in 1992, the number of registered births
(n = 71 005) was still largely in excess (by 59 366) of the
number of registered deaths. Even knowing that death
registration was not complete that year, a positive natural
increase of population should continue to occur in the -
near future in Abidjan.

Fewer women than men were found to have died of
AIDS. Among adults, the ratio of male-to-female AIDS
deaths was about 6 : 1, slightly higher than in hospital
data or observations of earlier studies [17]. At first glance,
this observation seems plausible. First, the fernale popu-
lation of young aduits is smaller than the male popula-
tion in Abidjan. Second, the early phase of the epidemic
seems to have been characterized by a small pool of
women (mainly commercial sex workers) who had
sexual contacts with a larger pool of men (their clients)
[17]. Furthermore, this sex differential might be exagger-
ated by biases in the data. First, deaths among women
were less likely to be registered, and women were less
likely to die in hospital. Second, women might also be
more likely than men to go back to their place of origin
outside of Abidjan, or even outside Cdte d’Ivoire. They
could be diagnosed as AIDS cases in Abidjan, but were
unlikely to die and be registered in Abidjan. This point
deserves further research.

The number of AIDS deaths among children aged 0—4
years was much lower than that predicted by models
such as Epi-Model [34]. It may be argued that the small
pool of women who became infected in the early phase
of the epidemic was not representative of the general
population. In particular, these women might be less
likely than others to have a sustained relationship with a
partner or a spouse, and less likely to give birth. Problems
of heterogeneity in vulnerability to HIV/AIDS have
been poorly studied so far, and may be crucial for under-
standing the dynamics of the epidemic during its first
years. However, the poor quality of data in this age group
may also be invoked to explain this discrepancy.



The back-calculation model used from the Abidjan data
for adult men revealed a marked peak of incidence in
1987-1988 [18,19]. Incidence diminished quickly there-
after, which matches data on seroprevalence found to be
stable between 1988 and 1992 [17]. This suggests a situ-
ation of strong heterogeneity, with a small pool of highly
vulnerable individuals who became infected very rapidly,
as was the case in the AIDS epidemics among homo-
sexual men in North America. Used prospectively, the
same model forecast an average yearly number of about
7500 AIDS cases for the few years after 1992, and about
the same number of AIDS deaths.

Further studies are needed to explore the evolution of
the epidemics, and the effect of social networks on the
dynamics of HIV spread. The apparent first peak and
decline of HIV incidence may be followed by a second
rise, as HIV may spread to the larger population of adults
who are not considered as being at high risk of acquir-
ing infection. In this later phase of the epidemic, it is
expected that the ratio of male to female cases will tend
to balance, and that there will be an increasing number of
pediatric ATDS cases.

By 1992, the cumulative number of deaths attributable
to AIDS in Abidjan, a city of about 2 million people, was
of the same order of magnitude as the cumulative num-
ber of AIDS deaths in France 3 years later (22 485 by
June 1995), a country of about 57 million {35]. This esti-
mate could provide clues to the extrapolation of mortal-
ity attributable to AIDS in cities where the seropreva-
lence s much higher than in Abidjan and where the
mortality impact could not be measured. It gives a mea-
sure of the heavy toll already paid by African popula-
tions. The HIV/AIDS epidemic calls for powerful and
sustained prevention and care programs.
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