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The AIDS Epidemic in India: A New Method for Estimating Current Human
Immunodeficiency Virus (HIV) Incidence Rates

Ron Brookmeyer,1 Thomas Quinn,2'3 Mary Shepherd,2 Sanjay Mehendale,4 Jeanette Rodrigues,4 and
Robert Bollinger2

Human immunodeficiency virus (HIV) incidence rates in India were estimated using a new method that
accounts for follow-up bias. Follow-up bias arises in epidemiologic cohort studies when the incidence rate
among individuals who do and do not return for follow-up are different. The new method combines data on the
prevalence of p24 antigenemia among all those initially screened together with the longitudinal follow-up data
on the subset of patients who returned for follow-up. Using these methods, the current HIV incidence rate
among patients attending sexually transmitted disease clinics in Pune, India, was 18.6% per year. It was found
that follow-up bias can cause significant underestimation in HIV incidence rates, perhaps by as much as 60%.
These incidence estimates, together with other HIV seroprevalence studies, suggest the HIV epidemic in India
is growing rapidly. Am J Epidemiol 1995;142:709-13.
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Current human immunodeficiency virus (HIV) inci-
dence rates are crucial for estimating the current and
future magnitude of the acquired immunodeficiency
virus (AIDS) epidemic and for targeting intervention
programs. Unfortunately, there is a paucity of data on
current HIV incidence rates in developing countries in
contrast to the considerable data available on HIV
seroprevalence. HIV seroprevalence indicates the pro-
portion of individuals infected sometime in the past,
while incidence refers to the current risk (hazard) of
infection. Estimates of HIV incidence have typically
been based on the longitudinal follow-up of a cohort of
uninfected individuals. However, attempts at estimat-
ing incidence in developing countries with this ap-
proach are often stymied by low follow-up rates, cost,
and a form of selection bias called "follow-up bias,"
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which arises if the incidence rates among the subgroup
of individuals who return for follow-up are different
from the incidence rates among those who do not
return for follow-up.

Other approaches for estimating HIV incidence
have important limitations. For example, back-
calculation, which uses numbers of AIDS cases to-
gether with the incubation period to reconstruct past
HIV infection rates (1) has very limited utility for
estimating current incidence rates because of the long
incubation period from infection to AIDS, and because
of incomplete reporting of AIDS cases, particularly in
developing countries. Another approach, based on
trends in HIV seroprevalence derived from serial sur-
veys, can produce misleading estimates because of
unknown population changes due to migration, deaths
from HIV disease, and changing selection biases (2).

Estimates of the scope of the AIDS epidemic in
India have been based principally on HIV seropreva-
lence surveys. HIV incidence rates are exceedingly
difficult to obtain in India as in other developing
countries because of the problems of assembling co-
horts of high risk individuals, low follow-up rates, and
follow-up bias.

MATERIALS AND METHODS

Human immunodeficiency virus type 1 (HIV-1) in-
cidence rates among patients attending two sexually
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transmitted disease clinics in Pune, India, were com-
puted using three different methods. All patients
screened between May 1993 and January 1994 were
tested for the presence of HIV-1 and human immuno-
deficiency virus type 2 (HIV-2) antibody and those
that were seronegative were tested for p24 antigen and
invited to return for follow-up every 3 months. The
first method, called the "cohort" estimate, was based
on the cohort of individuals who returned for at least
one follow-up visit and was calculated as the ratio of
the numbers of seroconverters (d) divided by the
person-time of follow-up (7). The cohort estimate is
70 = d/T. Follow-up bias could cause this estimate to
seriously misrepresent the incidence rate among all
patients attending the sexually transmitted disease
clinic, especially if the follow-up rate is low.

The second method, called the "cross-sectional" es-
timate, was based on the prevalence of p24 antigen-
emia among all HIV seronegative patients who were
initially screened. HIV p24 antigen is normally detect-
able in the sera at some point prior to seroconversion
(3-7). The relation between the HIV-1 incidence rate,
7, the proportion of seronegative individuals with p24
antigenemia, p, and the mean duration of p24 antigen-
emia prior to seroconversion, JLL, can be derived from
an epidemiologic model (8, 9). This gives an equation
p *» / X fji that can be solved for / if data on the mean
duration of p24 antigenemia prior to seroconversion
are available. This well-known epidemiologic relation
is usually justified by the assumption of a steady state.
However, as described by Brookmeyer and Quinn (8)
in fact all that is required is that the number infected
per unit time remains approximately constant for at
least as long as the maximum plausible duration of p24
antigenemia. This is a reasonable assumption because
ix is relatively short (8). The estimate of incidence
derived from this equation is not affected by either low
follow-up rates or follow-up bias because it is based
only on the cross-sectional survey of the prevalence of
p24 antigenemia among all seronegative patients who
were initially screened, and does not require any
longitudinal follow-up data. However, this "cross-
sectional estimate" is sensitive to assumptions about
the mean duration of p24 antigenemia prior to sero-
conversion. This duration has been reported to be on
the order of several weeks or a month (4, 8, 10), and
one analysis reported JLL = 22.5 days (8).

The third estimate of incidence was based on a new
approach that combined the cohort and cross-sectional
estimates. The advantages of this approach are that it
is not affected by any follow-up bias nor does it make
assumptions about the mean duration of p24 antigen-
emia prior to seroconversion, and thus this method is
quite different from previous approaches. Our method

is based on the following argument. Let the ratio R be
the prevalence (proportion) of p24 antigenemia among
the seronegatives who do not return for follow-up (pt)
divided by the prevalence of p24 antigenemia among
those who do return for follow-up (pQ). This ratio R
also estimates the ratio of incidence rates among those
who do not return (7X) and do return for follow-up (70).
This follows from the equation p — I X /x and the as-
sumption that the mean durations of p24 antigenemia
are the same among infected individuals who do and
do not return for follow-up (7? = pjpo «* /J/V/Q/A =
71/7O). Thus, it is possible to estimate the incidence rate
among those who did not return for follow-up by R X
70, where 70 is the cohort estimate. Then, the estimate
of the overall HIV-1 incidence rate among all those
initially screened, 7, is a weighted average of the
incidence rates of those who did and those who did not
return for follow-up:

7 = w X 70 + (1 - w) X R X 70 , (1)

where w is the proportion who returned for follow-up,
and 70 = d/T. Confidence interval procedures for the
incidence rate based on this method as well as the
cross-sectional and cohort methods are outlined in the
Appendix.

RESULTS

The overall HIV seroprevalence among 1,885 pa-
tients attending sexually transmitted disease clinics in
Pune, India, at baseline was 25 percent. Of 1,408
individuals who were HIV-1 and HIV-2 seronegative
at baseline, sufficient sera were available on 1,241
individuals who were tested for the presence of p24
antigen, and 15 of these were p24 antigen positive. Of
the 1,408 seronegative individuals at baseline, 438
(31.1 percent) agreed to enroll in the cohort study and
returned for their first follow-up visit.

The incidence estimates are given in table 1. The
cohort estimate of incidence was 11.7 percent per year
(95 percent confidence interval (CI) 8.1-16.5) based
on 33 observed seroconversions during 282.6 person-
years of follow-up. The cross-sectional estimate as-
suming the mean duration of p24 antigenemia prior to
seroconversion was 22.5 days was

(15/1,241) X (365/22.5) X 100

= 19.6 percent per year (95 percent CI 11.0-32.3).
The estimate of HIV incidence based on the new

method of combining cohort and cross-sectional data
was 18.6 percent per year (95 percent CI 8.5-40.3).
This calculation was based on the ratio of the preva-
lences of p24 antigenemia, which indicated that the
incidence rate among those not returning for follow-up
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TABLE 1. Human immunodeficiency virus (HIV) incidence
estimates among sexually transmitted disease clinic patients
in Pune, India, May 1993-August 1994*

Mpthrvi

Cohort
Cross-sectional
Combined cross-

sectional-
cohort

Overall

11.7
19.6

18.6

Rate (%/year)

Males

9.7
20.8

20.6

Females

20.1
14.2

15.1

* Data based on patients first screened between May 1993 and
January 1994 and follow-up data through August 1994. HIV-1 an-
tibody testing was based on a second generation enzyme immuno-
assay, and repeatedly reactive specimens were confirmed by West-
ern blot test (DuPont, Wilmington, Delaware). P24 antigen tests
were based on a monoclonal antibody-based antigen capture
enzyme-linked immunosorbent assay (ELISA) (Abbott Laboratories,
Abbott Park, Illinois). Positive specimens (defined as >15 pg/ml of
p24 antigen) were retested with an anti-p24 neutralization proce-
dure to ensure high specificity. Cross-sectional estimates assume
n = 22.5 days. All available p24 antigen data from all follow-up visits
were used to estimate R in the combined cross-sectional-cohort
method.

was R = 1.85 times higher than the HIV incidence rate
among those returning for follow-up. The percents that
were p24 antigen positive among those returning and

not returning for follow-up were 0.874 percent and
1.62 percent, respectively. Equation 1 gave

0.31 X 11.7 + 0.69 X 1.85 X 11.7

= 18.6 percent per year.
The cohort estimate of incidence, 11.7 percent/year,

was lower than that obtained with the other methods.
The ratio R = 1.85 suggested the presence of some
follow-up bias whereby individuals who did not return
for follow-up had a higher HIV-1 incidence rate, al-
though the confidence interval for R was wide (95
percent CI 0.7-5.1). An additional analysis was un-
dertaken to determine if this trend in follow-up bias
was corroborated by demographic, behavioral, and
other risk factors for HIV incidence collected at base-
line. It was found that individuals who returned for
follow-up generally reported behaviors in the previous
3 months consistent with lower risk of HIV incidence
compared with those who did not return for follow-up
(table 2): those who returned for follow-up were more
likely to have reported no sexual partners in the pre-
vious three months, and to have used a condom and
were less likely to have an active genital ulcer.

TABLE 2. Percent of patients who return for at least one follow-up visit among patients screened in sexually transmitted
disease clinics in India by baseline characteristics

C h a ra ptpri ̂ ti o

No. of sexual partners
in previous 3
months

0
1
>2
p value*

Condom use in
previous 3 months

Never
Sometimes or

always
p value*

Sex with commercial
sex workers in
previous 3 months

No
Yes
p value*

Currently employed as
commercial sex
worker

No
Yes
p value*

Active genital lesion
No
Yes
p value*

No.

139
674
587

1,046
349

597
806

1,259
146

755
653

Overall

% who return

37
27
34

0.01

28
40

<0.001

32
30

>0.25

30
40

0.02

34
28

0.03

No.

122
563
446

899
228

328
806

1,132
4

545
593

Males

%

0.06

<0.001

0.12

>0.25

0.003

who return

40
29
32

29
42

35
30

32
25

36
28

No.

17
111
141

147
121

269
0

127
142

210
60

Females

% who return

12
17
40

<0.001

22
37

0.008

29

16
40

>0.001

28
33

>0.25

* p values are based on chi-squared tests for contingency tables.
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However, separate analyses for males (81 percent of
those screened) and females (19 percent of those
screened) indicated quite different trends. The inci-
dence rate among males who did not return for
follow-up was estimated to be R = 2.66 times the rate
among males who did return for follow-up. Generally,
males who returned for follow-up presented with char-
acteristics consistent with lower risk of incidence of
HIV infection compared with males who did not return
for follow-up (table 2). In contrast, the incidence rate
among females who did not return for follow-up was
estimated to be only R = 0.65 times the incidence rate
among females who did return for follow-up. This was
generally corroborated by the baseline data (table 2)
that showed females who returned for follow-up pre-
sented with characteristics consistent with a higher
risk of incidence of HIV infection compared with
females who did not return for follow-up. Females
who returned for follow-up were more likely to be
commercial sex workers, and to report at least two
sexual partners in the previous 3 months.

The cohort estimate of the female HIV incidence
rate was more than two times the male incidence rate
(table 1). However, after adjusting for follow-up bias
by combining the cross-sectional p24 antigen data
with the cohort data, the female incidence rate was
lower than the male incidence rate (table 1). A main
explanation for this is that female commercial sex
workers who have relatively high HIV incidence rates
were 2.5 times more likely to return for follow-up than
other females.

DISCUSSION

The traditional cohort method of estimating HIV
incidence is problematic if the follow-up rate is low or
if there is follow-up bias. Our data indicate that the
HIV incidence rate in a screened population may be
nearly 60 percent larger than that based on the pro-
spective follow-up of a cohort because of follow-up
bias. Advantages of the cross-sectional estimate are
that follow-up data are not required, and the estimate
is not affected by follow-up bias. However, it is sen-
sitive to assumptions about the duration of p24 anti-
genemia. Advantages of the method that combines
cross-sectional data on p24 antigenemia with cohort
data are that it accounts for follow-up bias and makes
no assumptions about the duration of p24 antigenemia.
Both the cross-sectional and combined methods gave
estimates broadly consistent with each other. Our data
show the feasibility of gleaning estimates of HIV
incidence from a large cross-sectional survey of p24
antigenemia in an area with a growing epidemic. How-
ever, large sample sizes will be required because
the duration of p24 antigenemia is relatively short (8),

and thus the approach may be most useful in some
developing countries where the incidence rate is high
and where it is possible to screen large numbers of
individuals.

Our HIV incidence estimate of 18.6 percent per year
may not be representative of all sexually transmitted
disease patients in India. Approximately 53 percent of
our female patients were commercial sex workers, and
52 percent of our male patients presented with active
genital ulcer disease. Nevertheless, the high incidence
rates are broadly consistent with a number of surveys
among sexually transmitted disease clinics in India
that show a rapid rise in seroprevalence rates in the
1990s (11-14). The confidence interval based on the
incidence estimate of 18.6 percent per year was wide.
Nevertheless, even the lower confidence limit of over
8 percent per year was alarmingly high. Larger sample
sizes are required to produce narrower confidence
intervals. The development and application of other
diagnostic tests for other markers of recent infection
with longer durations, such as polymerase chain reac-
tion, may be useful for improving the precision of
incidence with these methods (8).

The HIV incidence estimate of 18.6 percent per year
together with a seroprevalence rate of 25 percent in-
dicates an epidemic doubling time of less than 2 years.
This doubling time is similar to doubling times re-
ported in the 1980s (15) in selected populations in a
number of countries in Africa, such as Malawi, Kenya,
and Uganda. The high seroprevalences of HIV infec-
tion that have been reported among commercial sex
workers as well as other sexually transmitted disease
patients are evidence of the extent of the past growth
of the epidemic in India. The current high incidence
rates indicate that the HIV epidemic in India continues
to grow rapidly.
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APPENDIX

In this Appendix, the confidence interval procedures for the incidence rate are outlined. Confidence intervals
for incidence based on the cohort method used the Poisson distribution (see reference 16 for additional detail) by
relating the number of seroconverters, d, to a Poisson distribution with mean given by the product of the true
incidence among returners and T, where T is the total person-time of follow-up. Similarly, confidence intervals
for incidence based on the cross-sectional method were based on referring the number who were p24 antigen
positive at baseline to a Poisson distribution with mean given by the product of the number who were HIV
seronegative and tested for p24 antigen, the true incidence, and /x. Both of these confidence intervals are exact
and do not rely on asymptotic approximations.

An approximate asymptotic confidence interval for incidence based on the combined cross-sectional-cohort
method was derived. Let Xx and X2 be the number who were p24 antigen positive among the returners and
nonreturners, respectively. Let X3 be the number of individuals who seroconverted on follow-up but did not
previously test antigen positive. Then, it can be shown by application of the delta method (with d = Xl + X3)
and assuming Xx, X2, and X3 have Poisson distributions, that the variance of ln(/) is approximately

X3-\ 2
w-(i-w)/?- y (1 - wfRR2

(Xi+X3)
2'

where c = w + (1 — W)R. An approximate 95 percent confidence interval for / is exp(ln/ — 1.96 V), exp(ln/ +
1.96V), where V is the square root of the variance of ln(7). This variance formula for In / accounts for uncertainty
both in R and /0 as well as the correlation between them. However, it is only an approximate large sample
procedure.
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