
V. Projection of AIDS Incidence in
Women in New York State

Introduction
One objective of the New York State

Ncwborn HIV Scroprevalence Study was
to provide information for AIDS casc pro-
jections. Earlier projections were devcl-
oped by linear extrapolation from re-
ported AIDS cases. The limitations of
using AIDS case reports include underre-
porting of AIDS cases, reporting dclays,
and, most importantly, the long incuba-
tion period of HIV infection.

To improve the projection process,
wc turned to data from two other sources:
fertility data, and the results of the New-
born HIV Seroprevalence Study. With
these and other data, we estimated the
numbcr of HIV-infected women of repro-
ductive age in 1988 and then the number of
women infected each year during 1981-88.
From this distribution of the incidence of
infcction and an incubation distribution,
wc projected the anticipated AIDS case
incidence for this population.

The AIDS case projection methods
developed here are a form of back calcu-
lation.'2 The major advantage of this ap-
plication is that information from another
data source, newborn HIV seropreva-
lence, is employed to obtain an estimate of
the number of infected women of child-
bearing age in 1988.

As newborn scrosurvcys for anti-
body to HIV are implemented in more
states, this type of analysis will become
incrcasingly important in cfforts to antic-
ipate future AIDS cases.

Methods
AIDS casc projections were devcl-

oped in three steps:
1. Newborn scroprevalence results

from 1988 provided an estimate of the
number of infected women of reproduc-
tive age in 1988.

2. An incubation distribution was
used to create an expected case series for
each number of a family of hypothetical
distributions of incident infections. A
"best distribution" of infections was se-
lected by comparing the cxpected and ac-
tual case series.

3. A lower bound on future AIDS
cases for this population was obtained
from the estimates of prcscntly infected
women.

Estimating the Number of Infected
Women

The number of HIV-seropositive
newborns in 1988 was obtained from the
Newborn HIV Seroprevalence Study3 for
each of 80 age, racial/ethnic, and geo-
graphic strata. The number of HIV-in-
fected women of reproductive agc (15-44
years) in each stratum was determined by
dividing the number ofnewborn HIV sero-
positivCs3 by the fertility rate for that stra-
tum. The total estimate is the sum of these
80 stratum-specific estimatcs.

The fertility rate R of a givcn female
population is defined as B, the number of
live births that occur in the population dur-
ing the given year, divided by P, the av-
erage or midyear population for the given
female subgroup of age 15 to 44 years: R
= B/P. An estimate of Pi, the size of the
infected fcmale population, was obtained
by inverting the relationship: R- = BJ/P. If
B, is the number of seropositive births and
R, is the fertility rate in the infccted female
population, the population size is P, = B!/
Ri. Assuming the samc fertility rate for
infected women as for the cntire stratum
Ri = R, then P, = Bi/R.

Since the fertility rate R varies by
age, race, and geographic location, the
population was stratified by age (15-19,
20-29, 30-39, 40-44 years), race (Hispan-
ic, non-Hispanic Black, non-Hispanic
White, and all others), and five geographic
regions: New York City (the five bor-
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oughs); New York City Vicinity (Nassau,
Suffolk, and Westchester Counties), Mid-
Hudson Valley (Dutchess, Orange, Put-
nam, Rockland, Sullivan, and Ulster
Counties), Upstate Urban (Albany,
Schenectady, Onondaga, Erie, and Mon-
roe Counties), and Upstate Rural (all other
counties).

Vital statistics data for 1980 and 1988
were used to obtain estimated stratum-
specific fertility rates. The 1980 fertility
rates were increased in each stratum to
reflect the 1988 fertility experience: ages
15-19 were increased by 17.8 percent,
ages 20-29 by 4.1 percent, ages 30-39 by
30.5, and ages 40-44 by 48.9 percent (J.
Cooney, Bureau of Production Systems
Management, New York State Depart-
ment of Health, oral communication, Jan-
uary 1990).

The model for estimating the number
of women infected during 1981-88 is pre-
sented in Figure 1. This tree diagram par-
titions the ever-infected population into
disjoint subgroups for which infection is
estimated. Subgroups 4 and 6 use esti-
mates from the AIDS Reporting System
(ARS) which is considered 80 to 90 per-
cent complete (Dr. Meade Morgan, Chief
of Statistical and Data Management
Branch, Division of HIV/AIDS, Centers
for Disease Control, oral communication,
January 19, 1990).

Estimating the Distibution of
Infections

A family of candidate distributions
was examined for their utility in describing

the incidence of HIV infection in women
during 1981-88. The generic candidate
(Figure 2), a two-step histogram, was gen-
erated by specifying four parameters:
START, WIDE, CENTER, and SIZE.
START, the beginning of the infection ep-
idemic, had possible values 1975, 1976,
... . 1980. The interval of high infection
activity begins at CENTER and had pos-
sible values that range from START to
1988. WIDE is the width of the period of
high infection activity and had possible
values 1, 2, 3, or 4 years. SIZE is the pro-
portion of infections within the period of
intense infection activity and had possible
values 0.5, 0.6, 0.7, 0.8 or 0.9. With this
model there are 1,200 possible two-step
histograms.

A Weibull incubation distribution
was selected with a median of 10years and
a fifth percentile of 3.5 years. This selec-
tion was based on reports of incubation
distributions in a hemophiliac population
and in the San Francisco Gay Cohort,4,5
with estimated median incubation times of
10.0 and 9.8 years, respectively. The es-
timated fifth percentiles of incubation
timeswere 3.6 and 3.4years, respectively.
An expected case series was created for
each of the 1,200 candidates and com-
pared to the annual observed, lag-adjusted
AIDS case incidence.

The comparison measure, called ER-
ROR, is the sum of the absolute differ-
ences between the observed and expected
incidences for each year in each candidate
series. The 1,200 ERROR sums were or-
dered from smallest to largest. Absolute

accuracy was measured by ERROR. Rel-
ative accuracy was obtained with %ER-
ROR, which is ERROR divided by 2,589,
the total incidence observed during 1981-
88.

To validate the use of an incubation
distribution with a median of 10 years and
a fifth percentile of 3.5 years, a family of
nine Weibull incubation distributions was
created having a 50th percentile of 9, 10, or
11 years and a 5th percentile of 3.0, 3.5 or
4.0 years. Each of these incubation distri-
butions and each of the 1,200 histograms
of infection were combined to produce
10,800 candidates, and for each candidate
an expected case series was calculated.
The top 50 candidates, as ranked by ER-
ROR, were examined to find the smallest
ERROR for each incubation distribution
(Table V-1). This calculation was at least
consistent with the choice of 10 and 3.5
years, although the choices (10, 4.0) and
(9, 4.0) appeared equally good. The
choices where the 50th percentile is 11 or
the 5th percentile is 3.0 appeared consid-
erably less consistent with the observed
case series.

Projections ofAIDS Case Incidence
in Women

The candidate with the minimum
value of ERROR was selected as the es-
timate of the distribution of infections.
The expected number of cases was calcu-
lated for eachyear as a lowerbound on the
anticipated future incidence of AIDS
cases in women.
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1975 A B C 1989

A The beginning of the infection epidemic curve. called SIARJ. has

values 1975, 76. 77, 78, 79, 80.

B Called CENTER, is the beginning of the period of high injection

activity and has values 1975 to 1980 and is constrained by AsB.

B,C The interval from B to C is called the period of high infection

activity, has length C - B = Wl)E, has values 1. 2. 3. 4 years

SIZE Is the proportion of cases in the period of high infection activity,

has values .5- .6. .7- 8, and .9.

FIGURE 2-Generic Candidate For
Distribution of Infections
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Results
Estimates ofNumber ofInfected
Women (15-44years)

If we assume equal fertility rates for
the general and infected populations in
each of 80 age, racial/ethnic, and geo-
graphic strata, an estimated total of 23,430
women age 15-44 yearswere infectedwith
HIV in New York State in 1988. This total
was used to obtain an estimate of all
women infected during 1981-88 (Figure 1,
Table V-2).

Estimates were not possible for cer-
tain populations. Box 2 represents all
women infected during this period who
were alive and age 45 years or more in
1988 but who were not a defined Centers
for Disease Control (CDC) case by De-
cember 1988. This is the only source of
infected women who are potential future
AIDS cases forwhich there is no estimate.
Box 7 represents all women infected dur-
ing this period who died by December
1987 from causes not related to HIV in-
fection. This population will not influence
future AIDS incidence.

The estimate of all HIV-infected
women of reproductive age in New York
State during 1981-88 is 25,196.

Estimates ofDistribution of
Infections during 1981-88

The 1,200 candidates were ordered
by increasing values of ERROR, and the
observed and expected cases for six rep-
resentative candidates were compared
(Table V-3). The best candidate had half
the ERROR of the next-best candidate.

Three populations of candidates for
the infection distribution-the best 10, 20,
and 30 candidates-were examined for
consensus on the four parameters (Table
V4). START had a clear single mode
across all three populations. This is a

strong consensus that year 1980 was the
begmining ofthe infection distribution. For
CENTER there was a strong consensus
across all three populations for 1984 and
1985.

The consensus for the percentiles
(Table V-5) shows that the cumulative
proportion of new infections nearly dou-
bles in 1984 for each of the three popula-
tions. Thus the period of intense infection
activity began in 1984. The three-year pe-
riod 1984-86 accounts for 70 to 80 percent
of all infections.

Projections ofFuture AIDS Cases
The three best candidates for the dis-

tribution of infections were used with the
incubation distribution to project future
AIDS case incidence for 1989 to 1993 (Ta-
ble V-6). A considerable consensus was
found for each year across the three best
candidates, and the means and standard
deviations for the top 20 candidates sub-
stantiated this consensus. The average ob-
served coefficient of variation for these
five years was 0.0313. The best candidate
indicates that if there were no additional
infections after December 1988, the min-
imum cumulative number of cases ex-
pected December 1993 is 8,295.

The linear projections in Table 6 are
estimates of future AIDS incidence calcu-
lated from actual monthly AIDS surveil-
lance data by linear extrapolation.6 These
linear projections and the best candidate
show considerable similarity for the first
three years. Beginning in 1992 there is a
growing divergence. The linear projec-
tions continue to increase each year by a
fixed amount, 277 cases. The rate of in-
crease in the candidates is governed by the
distribution of infections and, in time, if
one assumes no additional infections,
there will be a slowing in the rate. Since

these projections make no attempt to an-
ticipate future infections, they must be
viewed as a conservative estimate.

Discussion
These projections of future AIDS

cases among women of reproductive age
are based on the results of a newbom HIV
seroprevalence study in New York State.
An earlier method, linear extrapolation,
yielded similar projections for the short
term.6 Projections by extrapolation will al-
ways exceed those produced with a
method that uses a fixed number of in-
fected because the projections of AIDS
cases produced here are based only upon
presently infected persons; they must be
considered a lower bound of expected
cases.

Back calculation is a general class of
methods that uses an incubation distribu-
tion and the observed case incidence se-
ries to estimate the distribution of infec-
tions over time.1,2 The method discussed
here, employing two-step histogram, suf-
fers from all the usual disadvantages of
back-calculation methods: underreporting
of case incidence, limited knowledge of
the incubation distribution, and absence
of case reports before a certain year (in
this case 1981). The key theoretical ad-
vantage of back calculation, compared to
earlier empiric extrapolation, is its direct
quantification of the size of a previously
infected population.

The potential limitations of the valid-
ity of the work presented here include the
assumption of equal fertility between the
general and the infected populations in
each stratum, the selection of an incuba-
tion distnbution, the simplicity of the two-
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step histograms, and the underrepresen-
tation of infections occurring during the
survey period, 1988.

A fundamental assumption in relating
newborn seropositivity to infections in all
women of reproductive age is that HIV-
infected women have the same fertility
rate as uninfected women in the same age,
racial/ethnic, and geographic strata. How-
ever, the possible effects ofHIV infection
challenge this assumption. Intravenous
drug use could also reduce fertility and
thus low-bias the estimate of infected
women of childbearing years.

Few published reports address the
potential differences in fertility between
the general population and HIV-infected
or intravenous-drug-using women. Com-
monly the comparison is between sero-
positive and seronegative womenwho are
also or have been intravenous drug
users.7-'0 For these groups no differences
in fertility have been observed.

If there is a decrease in fertility in
HIV-infected women, it may be second-
ary to associated intravenous drug use.
Selwyn7 compared the pregnancy rate of
women in the Bronx in 1985 with a cohort
of intravenous drug users enrolled in a
methadone maintenance treatment pro-
gram. The latter group had an estimated
decrease in the fertility rate of 4.7 preg-
nancies per 100 person-years. Thus if
there is a decrease in fertility, it is likely to
be small (Dr. Peter Selwyn, Department
of Epidemiology and Social Medicine,
Montefiore Medical Center, New York,
NY, oral communication, January 1990).

To investigate the sensitivity of the
assumption of equal fertility, we com-
puted the estimate oftotal infectedwomen
for progressively decreasing fertility rates
in the infected population. If

Bi

i=l Ri

is the original estimate ofthe total numberof
infectedwomen ofchildbearing age in 1988,

80 Bi 1 F 1 1 B.

i=l [(1 - a)Ri 1 -a[-Rai

is the estimate resulting from a 100a per-
cent decrease in fertility. The results of
these calculations are given in Table V-7,
as well as the ERROR for the best, the
best five, and the best 10 candidates for
each scenario ofdecreased fertility. These
ERROR values measure the consistency
of the assumed decrease in fertility.

As fertlity decreases, the estimated to-
tal number of infected women increases to
48,626 (corresponding to a 50 percent de-
crease in fertility). ThethreeERRORvalues
generallyincreasewith decreases in fertlity.
This generaly increasing ERROR implies a
degradation in the consistency of the model
and casts doubt on the estimated total num-
ber of infected women that results from a
severe decrease in fertility. Modest de-
creases in fertility result in larger but still
credible estimates of infecteds (a 15 percent
decrease in fertility results in a 16 percent
increase in infecteds and a 13 percent in-
crease in best-10 ERROR). Larger de-
creases in fertility are clearly much less
credible than the estimate ofno difference in
fertility rates between the HIV-infecteds
and the general population.

The selection of the incubation dis-
tribution was based upon two articles4,5
that indicated consensus in the choice of a
Weibull distribution and its parameters.

Attempts at verification were consistent
with those reported in both articles.

Although structurally more complex
histograms would yield more accurate re-
sults, our simple histograms still offer a
wide variety of choices. In any case,
parametric modelers performing a back
calculation with maximum likelihood
methods must necessarily limit the form
of their candidate populations for each
estimate.2 The accuracy of the expected
case series in the best several candidates
(Table V-3), the strength of consensus in
parameter estimates (Table V4), and the
strength of consensus in the future num-
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bers (Table V-6) confirm the adequacy of
the simple histograms.

This method, utilizing HIV seroprev-
alence data from newborns, has resulted
in improved projections of AIDS case in-
cidence in women and may be useful in
developing improved projections of pedi-
atric AIDS.

Sumnuy
The results of the Newborn HIV Se-

roprevalence Study in NewYork State for
1988 were used to estimate the number of
human immunodeficiency virus (HIV)-

infected women of childbearing age in
1988. The estimate was accomplished for
each of 80 age, racial/ethnic, and geo-
graphic strata by dividing the number of
seropositive newborns by the 1988 esti-
mated fertility rate. Summng across strata
yielded a total of 23,430 infected women
age 15 to 44 years in 1988. From this es-
timate a tree model was used to estimate
the number of women infected during
1981-88. Back calculation was used to dis-
tribute these infections over time, and the
selected incubation distnbution was used
to estimate futureAIDS cases for this pop-
ulation: 8,295 cases by 1993. El
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