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The study reporfed here examines the past and potential fufure impact of HIV/AIDS in 29 
nafions of fhe primarily English-speaking Caribbean. The aufhors use DemProj, a demo- 
graphic projection model, to explore two different HIV scenarios. In the low scenario adult 
HIV prevalence stabilizes at 2% in fhe year 2000, and in the high scenario adult HIV 
prevalence stabilizes at 5%. By the year 2010, annual AIDS incidence exceeds 11 000 cases 
in the low scenario and 28 000 in the high scenario. In both scenarios, 70% of the cases are 
in young adults 20-45 years old and 12% are in children O-15. Age-specific mortality is 
more than doubled in the 20-40 age range in the low scenario, and more than quadrupled 
in the high scenario. The impact on death rates is also severe among children O-10. In 
assessing the economic impacf, the authors estimate that the fotal annual cosfs of the epidemic 
will approach US$ 500 million (in constant 1989 US$) or 2% of GDP in the low scenario, 
and will exceed US$ 1 200 million or 5% of GDP in the high scenario. 

INTRODUCTION 

Mathematical models are an important 
tool in the effort to anticipate the future 
impact of the AIDS epidemic and the ef- 
fects of intervention strategies. The long 
and variable incubation period of AIDS 
makes understanding the present course 
of the epidemic and predicting its future 
course particularly difficult, because it is 
hard to estimate the number of people 
who are presently infected but asymp- 
tomatic. It also impedes assessment of 
the effects of intervention measures. 
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Mathematical modeling provides a means 
of experimenting with a hypothetical 
population under different sets of as- 
sumptions. As Roy Anderson and Robert 
May have stated, “mathematical models 
of the transmission of infectious agents 
within human communities can help to 
interpret observed epidemiological trends, 
to guide the collection of data towards 
further understanding, and to design 
programmes for the control of infection 
and disease” (I). 

Mathematical models cannot provide 
exact forecasts of future events. They are 
only as accurate as the assumptions under- 
lying them and the translation of those 
assumptions into mathematical constructs. 
However, they do allow us to explore the 
implications of these assumptions, which 
may not be obvious and in some cases 
may be unexpected (2, 3). 

The Caribbean Epidemiology Center 
(CAREC) in Port of Spain, Trinidad, is 
developing models of the HIV/AIDS epi- 
demic for the Caribbean. Administered by 
the Pan American Health Organization 
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Table 1. Reported AIDS cases and deaths in each of CAREC’s members, 

to December 1992. 

Country or 
political entity Cases Deaths 

1990 
population 

Case rate 
per 100 000 

Anguilla 
Antigua and Barbuda 
Bahamas 
Barbados 
Belize 
Bermuda 
British Virgin Islands 

Cayman Islands 
Dominica 

Grenada 
Guyana 
Jamaica 
Montserrat 
Saint Kitts and Nevis 
Saint Lucia 
Saint Vincent and the 

Grenadines 
Suriname 
Trinidad and Tobago 
Turks and Caicos Islands 

4 3 7 000 57.1 
6 5 76 000 7.9 

1 093 662 253 000 432.0 
328 251 255 000 128.6 

67 60 187 000 35.8 
218 177 58 000 375.9 

6 3 13 000 46.2 
15 12 25 000 60.0 
24 23 82 000 29.3 
35 27 a5 000 41.2 

390 102 796 000 49.0 
431 299 2 456000 17.5 

1 0 12 000 a.3 
37 23 44000 84.1 
42 35 150000 28.0 

46 36 116000 39.7 
139 107 422 000 32.9 

1 228 779 1 281 000 95.9 
28 23 10000 280.0 

Total 4138 2 627 6 328 000 65.4 

Source: Data provided to CAREC by each member. 

(PAHO), CAREC provides epidemiology 
and laboratory reference services to 19 
member nations (listed in Table 1) with a 
total 1990 population of 6 328 000, com- 
prising the English-speaking Caribbean and 
Suriname. This article reviews the history 
of AIDS in these CAREC members and 
then describes projections developed for all 
of them taken as a whole. Projections for a 
hypothetical Caribbean nation are discussed 
in Hospedales et al. (4). 

AIDS in CAREC Member Countries 
(CMCs) 

Data on AIDS cases is supplied to 
CAREC by each of the CAREC member 
countries (CMCs). The first case of AIDS 
in a CMC was reported in 1982. By 31 
December 1992, 11 years later, a total of 
4 138 cases and 2 627 deaths had been 
reported, yielding a case-fatality ratio of 
63.5%. As indicated in Figure 1, the an- 
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nual incidence of AIDS cases has risen 
steadily each year, with 858 cases being 
reported for 1991 and 969 for 1992. 

The extent of underreporting is un- 
known, though underreporting as high 
as 50% has been estimated in some Latin 
American countries (5). We expect that 
in the smaller island CMCs most cases 
are reported, but in the larger countries 
some cases may be missed. 

As Table 1 shows, cumulative AIDS 
rates vary considerably in different CMCs. 
Cumulative rates exceeding 100 cases per 
100 000 have been reported in the Ba- 
hamas (432.0), Barbados (128.6), Ber- 
muda (375.9), and the Turks and Caicos 
Islands (280.0). The precision of these es- 
timates is limited by the fact that the pop- 
ulations of some CMCs are quite small, 
10 of the 19 having populations under 
100 000. 

The mode of transmission has shifted 
substantially over the course of the epi- 



Figure 1. Reported AIDS cases and deaths in CAREC member countries, 
1982-1992. 
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demic. The earliest cases reported were 
all among homosexual males. However, 
the percentage of heterosexual cases has 
been rising steadily, from 12% of the cases 
with an identified mode of transmission 
in 1985 to 78% in 1992. This was accom- 
panied by a change in the sex ratio, so 
that of the cases reported in 1992 in adults 
(those age 15 or older), 31% occurred in 
women. 

There has also been a shift in the age 
distribution of AIDS cases. AIDS has af- 
fected primarily the young adult popu- 
lation, with 76% of the cases of known 
age reported in people 20-44 years old 
in 1985 and 73% in 1992. However, the 
number of cases reported in older age 
groups (over 44 years) has increased 
steadily, accounting for 19% of total cases 
in 1992 as compared to only 9% in 1985. 

While the number of cases among chil- 
dren (those under age 15) has increased 
over the course of the epidemic, the per- 
centage of all cases in this age group has 
declined-from 13% in 1985, when the 
first pediatric case was identified, to 7% 
in 1992. This may be a reflection of the 
more rapid progression from HIV infec- 

tion to AIDS among children (3,5). How- 
ever, we expect to see a rise in the pro- 
portion of cases in this age group as the 
epidemic becomes increasingly hetero- 
sexual. 

HIV Incidence and Prevalence 

HIV incidence is the number of new 
HIV infections occurring in a particular 
population during a specified period of 
time, frequently 1 year. HIV prevalence 
is the number of infected people in a pop- 
ulation at a particular point in time. HIV 
prevalence is frequently expressed as the 
number (or percent) of adults (those age 
15 or older) who are infected-partly be- 
cause, in general, only adults transmit 
infection, and also because the duration 
of infection is much shorter in children 
(5). Both HIV incidence and prevalence 
are difficult to measure directly (6) and 
must be inferred from seroprevalence 
levels in selected populations. 

No large-scale HIV seroprevalence 
studies have been conducted in CAREC 
member countries. However, HIV sero- 
prevalence levels in blood donors and 
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prenatal clinic attenders provide some in- 
dication of levels in the general popula- 
tion. These levels vary widely, both among 
and within countries; but in most cases 
they are currently less than 1%. Seroprev- 
alence levels among prenatal clinic atten- 
ders may overestimate those in the general 
population, because young sexually active 
women are at high risk of contracting the 
disease. On the other hand, because blood 
donors are screened, levels among blood 
donors most likely underestimate those 
in the overall population. 

HIV seroprevalence levels in selected 
high-risk populations can be quite high 
and have been rising in recent years. For 
example, one 1990 study found that 25% 
of a group of female sex workers were 
HIV-positive. Another 1991 study found 
that 33% of a group of STD clinic patients 
were HIV-positive (unpublished CAREC 
data provided by member countries). 

Future Prospects 

It has been observed in countries with 
a longer history of epidemic AIDS, par- 
ticularly in Africa, that the adult HIV 
prevalence does not continue to climb in- 
definitely. In fact, the epidemic can fre- 
quently be divided into three phases: an 
early phase with a prevalence of less than 
l%, a steeply rising epidemic phase, and 
then an endemic phase in which the adult 
HIV prevalence stabilizes at a certain level 
(7). This level may be very high, as high 
as 25% or 30% in certain African cities 
(8). In Port-au-Prince, Haiti, a plateau of 
approximately 7% may have occurred (9). 

On the basis of the limited HIV prev- 
alence information available, and also the 
number of AIDS cases reported, we infer 
that in 1993 most CMCs were still in the 
early phase, with adult prevalences in 
their general populations still being less 
than 1% . However, the high rates in cer- 
tain high-risk populations, as well as rates 
starting to appear in prenatal clinics 

(CAREC, unpublished data), indicate that 
CMCs in general are currently at the start 
of the epidemic phase and may face 
sharply rising seroprevalence levels. On 
the other hand, we do not expect the 
epidemic in the Caribbean to become as 
severe as it is in certain parts of Africa 
and Asia. Rather, seroprevalence levels 
are unlikely to exceed those seen in Port- 
au-Prince, which we expect, given the 
level of poverty and lack of access to ed- 
ucation and health care, is a worst-case 
scenario for the Caribbean. These obser- 
vations have led us to explore the impli- 
cations of HIV seroprevalence levels up 
to 5% in our modeling efforts. 

METHODS 

In seeking to anticipate the epidemic’s 
impact, we have developed projections 
of the course of the epidemic, assuming 
strictly heterosexual transmission, for all 
CAREC member nations taken as a whole. 
(The term “CMN” is used to refer to this 
composite of the CAREC member na- 
tions.) The projections were made using 
the demographic projection model 
DemProj (20). APM, an AIDS projection 
model developed at CAREC (21) which 
is similar in its calculations to the WHO 
EpiModel (12), was used for validation. 

Input Parameters 

The models require the input of certain 
demographic and HIV/AIDS-related in- 
formation in order to formulate the pro- 
jections. 

Demographic Characteristics 

The 1980 population of the CMN is 
based on population estimates published 
by the United Nations (23, 14) for all of 
the CMCs. Other demographic features 
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are extrapolated from figures published 
by the UN for the five largest CMCs: Ja- 
maica (1980 population 2 133 000), Trin- 
idad and Tobago (1 082 000), Guyana 
(759 000), Suriname (352 000), and Bar- 
bados (249 000). In 1980 the total CMN 
population was 5 549 000, with 61.6% 
being adult (15 years of age or older). The 
crude birth rate was 27.6; the crude death 
rate was 7.3; the infant mortality rate was 
30.6; the population growth rate was 
1.18%; and the total fertility rate was 3.51. 
Male life expectancy was 66.0 years, and 
female life expectancy was 70.8 years. 

For making future projections, the age 
distribution of fertility was taken from 
the UN Sub-Saharan Africa Table; of the 
three tables built into DemProj, this one 
is the closest to figures published for 
Trinidad and Tobago in 1989 (15). Age- 
specific survival rates were calculated from 
UN projections for life expectancy and 
the default Coale-Demeny North Life 
Table. International migration rates were 
assumed to be zero, based on UN pro- 
jections for most CMCs indicating that 
net migration will reach zero by the mid- 
1990s. 

The per capita gross domestic product 
for all years was taken to be US$ 2 429 
(in constant 1989 US dollars) based on 
World Bank estimates for Latin America 
and the Caribbean (16). This figure is im- 
portant for assessing the epidemic’s eco- 
nomic impact. 

HIVlAlDS Parameters 

The AIDS incubation distributions for 
adults and for children are based on Bac- 
chetti and Moss (27) and Chin (5) re- 
spectively. Among adults, approximately 
50% develop AIDS within 10 years. How- 
ever, among children the rate of pro- 
gression is thought to be much faster, so 
that 50% develop AIDS within 3 years. 
On the basis of published estimates (8, 

18-21), the perinatal transmission rate is 
taken to be 30%. The age distribution of 
HIV incidence was surmised from the age 
distribution of reported AIDS cases; the 
highest incidence rates are for males be- 
tween the ages of 20 and 29, and for 
females between the ages of 15 and 24. 

It is difficult, if not impossible, to pre- 
dict the future of any epidemic accu- 
rately. In the absence of dramatic changes 
in the dynamics of the HIV epidemic, 
such as might result from the introduc- 
tion of an effective vaccine, we feel that 
adult HIV seroprevalence in the CMCs is 
likely to stabilize in the vicinity of 2% by 
the year 2000. This is based on published 
(4) and unpublished CAREC surveillance 
data and on observations in other coun- 
tries, as mentioned above. Even in the 
worst case, however, the HIV seroprev- 
alence is unlikely to exceed 5%. We 
therefore decided to examine the impacts 
of two different HIV prevalence scena- 
rios, a “low” scenario in which the adult 
HIV prevalence rate stabilizes at 2% start- 
ing in the year 2000, and a “high” sce- 
nario in which the prevalence rate sta- 
bilizes at 5% in that year. 

In both scenarios the prevalence rate 
starts at 0.01% in 1980, rising to 0.13% 
in 1985 and 0.25% in 1990. In the low 
scenario it climbs to 1.25% in 1995 and 
2% in 2000. In the high scenario it reaches 
3% in 1995 and 5% in 2000. The levels 
through 1990 were chosen to approxi- 
mate the AIDS incidence already ob- 
served in the CMCs. 

The projection of adult and child AIDS 
cases follows from the assumptions about 
seroprevalence, incubation periods, and 
vertical transmission rates. DemProj, 
APM, and EpiModel all compute AIDS 
incidence from HIV incidence, which in 
turn is derived from the input HIV prev- 
alence assumptions. DemProj is far more 
structured than the other two, however, 
with stratification of the population into 
5-year age categories. 
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RESULTS AND DISCUSSION 

HIV Population 

Since we have assumed that the HIV 
prevalence rate stabilizes in the year 2000, 
the absolute number of HIV-positive peo- 
ple rises in proportion to the growth of 
the total population. In the low scenario, 
the HIV-positive population reaches 
135 558 by the year 2010, and in the high 
scenario it reaches 330 104. 

AIDS Incidence and Effects on 
Population Growth 

The projected AIDS incidence is de- 
picted in Figure 2. By the year 2000, the 
annual incidence reaches 7 776 cases in 
the low scenario and 19 080 in the high 
scenario. By 2010, these figures rise to 
11 666 cases per year in the low scenario 
and 28 854 in the high scenario. 

The epidemic does affect population 
growth. By the year 2010, the population 
in the low scenario is approximately 98% 
of what it would have been in the ab- 

sence of AIDS, while in the high scenario 
it is 95%. These figures drop to 97% and 
92% by the year 2020. 

These DemProj results are very close 
to those generated by APM. Except for 
the earliest years, when AIDS incidence 
is low, the models agree to within 6% in 
estimates of both adult and child AIDS 
incidence. Using the same input adult 
HIV prevalence scenario, APM and 
EpiModel yield identical results for adult 
AIDS incidence. 

Age Distribution of AIDS Cases 

The age distribution of new AIDS cases 
in the low scenario in the years 2000 and 
2010 is represented in Figure 3. As has 
been observed in the CMCs, the model 
epidemic affects primarily young adults, 
with 70% of the AIDS cases occurring 
between the ages of 20 and 44. In the 
year 2000 a peak of approximately 1 560 
cases occurs in the 25-29 year age bracket, 
whereas in 2010 the peak is spread over 
the broader 25-34 age range, with close 
to 2 100 cases occurring in each of the 

Figure 2. Annual AIDS incidence (1980-2010) in the CMN projection 
(low and high scenarios). 

Yeai 

t Low scenario -+ High scenario 
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Figure 3. New AIDS cases by age in 2000 and 2010 in the CMN 
projection (low scenario). 

Age group (years) 

two 5-year age brackets involved. The av- 
erage age in 2010 is 32, and there is ac- 
tually a decrease in the number of cases 
seen in the 15-19 and 20-24 year age 
brackets as the epidemic stabilizes. 

In the high scenario the pattern is very 
much the same, but the peak in the 25- 
29 year age bracket is near 3 900 cases in 
the year 2000, and in 2010 close to 5 200 
cases occur in both the 25-29 and 30-34 
year age brackets. 

Since this is a model of strictly heter- 
osexual transmission, the percentages of 
child cases are higher than the percent- 
ages observed currently in the CMCs (12% 
as compared to 6%). However, as trans- 
mission patterns shift to a primarily het- 
erosexual epidemic, we can expect to see 
more pediatric cases in the future. In- 
deed, in some areas of the world pedi- 
atric AIDS cases constitute even more than 
12% of the total (20, 21). 

Age-specific Mortality 

In estimating the impact of AIDS on 
age-specific mortality, baseline or non- 
AIDS death rates were taken from pub- 
lished figures for 1989 in Trinidad and 

Tobago (25). These figures may under- 
estimate true rates for this country in 1989 
(due to underreporting), but may be more 
accurate for projections into the future, 
as longevity increases. 

Figure 4 depicts the impact of AIDS on 
age-specific mortality in the low scenario 
in the year 2010. The effect on young 
adults is particularly pronounced. Death 
rates are more than doubled in the age 
brackets from 20 through 39. Among chil- 
dren, death rates are increased by 65% 
in the O-4 age group and by twice that 
in the 5-9 age group. 

In the high scenario the impact is con- 
siderably more severe, as shown in Fig- 
ure 5. Overall death rates are at least dou- 
bled in every age bracket from 15 through 
44, and are more than quadrupled in the 
age brackets from 20 through 39. Among 
children, death rates are more than dou- 
bled in the O-4 age group and quadru- 
pled in the 5-9 age group. 

Economic Impact 

In assessing the economic impact of 
HIV/AIDS, it is necessary to determine 
the direct costs (the costs of caring for 
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Figure 4. AIDS and non-AIDS age-specific mortality in 2010 in the CMN 
projection (low scenario). 
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AIDS patients) and the indirect costs, 
which are defined here as losses in pro- 
ductivity due to increased mortality of 
the working population (8, 22). 

In this study we have endeavored to 
express direct and indirect costs as func- 
tions of the per capita gross domestic 
product (PCGDP). To estimate direct costs, 
we examined costs found in other studies 
in 15 countries located primarily in Af- 
rica, the Caribbean, and Europe (22). As 

might be expected, there appears to be a 
direct linear relationship between re- 
sources available, as measured by PCGDP, 
and expenditures for the care of AIDS 
patients. Fitting a regression line of per 
person direct costs on PCGDP, we esti- 
mate direct costs as 1.75 times PCGDP. 
This result agrees with an estimate for 
Trinidad and Tobago when the costs of 
AZT are not included (23). 

A similar approach is used to assess 

Figure 5. AIDS and non-AIDS age-specific mortality in 2010 in the CMN 
projection (high scenario). 
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indirect costs. Here we examined costs 
assessed for six countries in Africa, Asia, 
and the Caribbean (24), and again found 
a linear relationship between lost pro- 
ductivity costs and PCGDP. Fitting a 
regression line, indirect costs per AIDS 
case are estimated as 15.6 times PCGDP. 

Another approach to estimating indi- 
rect costs is as follows: the income level 
of persons with AIDS is unknown; but 
if, for example, it is assumed that each 
person succumbing to the disease at an 
average age of 32 loses 30 years of pro- 
ductive life earning an annual income 
equivalent to the PCGDP, and these fu- 
ture earnings are discounted to their pre- 
sent value at 5% (25), then each AIDS 
case results in a loss to the economy of 
16.14 times the PCGDP. This alternative 
method yields an estimate which is smaller 
than estimates of lost productivity costs 
found in several countries including the 
United States (26, 27). However, in this 

article the still more conservative figure 
of 15.6 times the PCGDP is used. 

As mentioned above, the PCGDP is 
taken to be $2 429 per year (in constant 
1989 US dollars), so that annual total costs 
become US$ 2 429 x (1.75 + 15.6) x 
AIDS incidence, with direct costs ac- 
counting for approximately 10% of the 
total. As shown in Figure 6, annual total 
costs of the epidemic for the CMN ap- 
proach US$500 million, or approximately 
2% of GDP, in the low scenario, and ex- 
ceed US$ 1 200 million, or approximately 
5% of GDP, in the high scenario. 

CONCLUSIONS 

Even in the relatively conservative adult 
HIV prevalence scenarios modeled in this 
study, the effects of the HIV/AIDS epi- 
demic are substantial. With 70% of the 
AIDS cases occurring between the ages 
of 20 and 44, a significant proportion of 

Figure 6. The cost of AIDS (1989 US$) in the CMN projection (low and 
high scenarios), 1980-2010. Total costs include direct (cost of care) and 
indirect (lost productivity) costs. Direct costs are approximately 10% of 
the total. 

Year 

+- Low scenarfo - High scenario 
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the working and child-rearing population 
will be affected. AIDS will account for 
more than half of the deaths in this age 
range in either scenario. More than 10% 
of the cases will be in children, account- 
ing again for at least half of the deaths 
in children under 5 and having an 
even greater impact on deaths among 
children 5-9. 

Economic impacts, both in terms of 
caring for AIDS patients and lost pro- 
ductivity, will also be significant, possi- 
bly approaching 5% of GDP. If other in- 
direct costs including (1) losses on societal 
investment in persons dying prema- 
turely; (2) the cost of caring for orphans 
left by parents succumbing to AIDS; (3) 
the additional health care costs resulting 
from the increased incidence of other dis- 
eases; (4) the cost of ensuring the safety 
of the blood supply; (5) the cost of lab- 
oratory and hospital precautions; (6) the 
cost of health education and other pre- 
ventive measures; (7) the cost of lost tour- 
ism revenue; and (8) the enormous psy- 
chological toll imposed on AIDS victims, 
their families, and society as a whole, are 
taken into account, estimates of total costs 
will be considerably higher. 

In sum, the HIV/AIDS epidemic will 
markedly alter morbidity and mortality 
patterns with formidable social and eco- 
nomic consequences. It will be important 
for each CAREC member country to an- 
ticipate and, to the extent possible, mit- 
igate these effects. This circumstance has 
immediate implications for the design of 
institutional and community health serv- 
ices and other social support systems. 
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