
Letter to the Editor

A Simplified Formula for Inferring HIV Incidence from
Cross-Sectional Surveys Using a Test for Recent Infection

Editor: The paper of McDougal et al., previously published
in this journal,1 is becoming a standard reference used

for the estimation of HIV incidence from applications of the
BED IgG-capture enzyme immunoassay (BED assay) to cross-
sectional blood samples.2,3 Their approach provides an esti-
mate for an annual risk of infection in a hypothetical cohort,
using an estimate for the true proportion, Pt, of ‘‘recent infec-
tions’’ among HIV-seropositive individuals. The estimate Pt is
in turn derived from the proportion, Po, of seropositive indi-
viduals in a survey who test below a threshold value for nor-
malized BED optical density (OD-n).4 The condition of being
below the OD-n threshold is declared to be an imperfect test
for recent infection.

True ‘‘recent infection’’ is defined as having been infected
for less than a period o, where o is the mean time individuals
spend below the OD-n threshold. Since it is well known that
not all individuals progress to a given threshold, even after
arbitrarily long times, o needs to be carefully defined as the
mean threshold crossing time among those who do progress.
It is also known that during late stage illness, or under the
influence of antiretroviral therapy, individuals may regress to
OD-n values below the recency threshold. It is further plau-
sible, and indeed appears to be the case,5,6 that the parameters
characterizing progression through the BED-defined states of
infection vary regionally. These complications have caused
doubt about the prospects for using the BED assay as a ro-
bustly characterizable test for recent infection for the purposes
of estimating HIV incidence, as reflected in a UNAIDS state-
ment in 20067 recommending it not be used for this purpose.

Hence, new assays, or combinations of assays (such as a
BED and an antibody avidity test), are being developed to
provide more robust tests for recent infection. The fraction of
individuals that progresses atypically through an assay-
defined class of ‘‘recently infected’’ may thus be reduced, but
is unlikely to be zero. Therefore, the methodology developed
to deal with this problem for the BED assay appears, at face
value, to be immediately transferable, requiring only minor
modification (namely in the values of its parameters) to be
applicable to other imperfect tests for recent infection. We
argue that several subtle points need to be addressed to en-
sure that incidence inferences based on imperfect tests for
recent infection are not unnecessarily limited, or even in error,
and we do this by a critique of the original application.

The interindividual variability of BED OD-n progression is
captured in the McDougal model by three parameters:

� The sensitivity (s) of the BED assay as a test for the
condition of being ‘‘recently infected,’’ as defined above.

� The short-term specificity (r1) of the BED assay as a test
for the condition of being ‘‘recently infected,’’ when re-
stricted to persons who have been infected for a time
between o and 2o.

� The long-term specificity (r2) of the BED assay as a test for
the condition of being ‘‘recently infected,’’ when restricted
to persons who have been infected for a time longer than
2o.

Using data from a major epidemiological and demographic
surveillance study in South Africa,8,9 we and our collaborators
are currently comparing various approaches to HIV incidence
estimation using the BED assay.5,10 Given the long intervals
between follow-up visits in this study (about a year), it was
not possible to calibrate the McDougal formula in its pub-
lished form. Calibration of s and r1 requires a follow-up in-
terval of at most o (which is of the order of half a year1).

While trying to address this issue, we discovered that a
simplification of the McDougal formula is possible. In their
paper, the key result relating Pt to the calibration parameters
is given by

Pt¼
Poþ q2� 1

r� q1þ 2q2� 1
(1)

As is shown by McWalter and Welte in a separate short note,11

the above equation can be simplified using the following
identity:

r� q1þ q2¼ 1 (2)

This identity is derived using no more assumptions than are
used by McDougal et al. to derive their formula; these as-
sumptions are, however, stated with greater precision.11 The
idea that these parameters might be related was inspired by
the analysis of the incidence estimation problem previously
undertaken.12 Inserting the identity into (1) gives

Pt¼
Poþ q2� 1

q2

(3)

This means that in order to estimate incidence, it is only
necessary to calibrate the long-term specificity r2 (to estimate
Pt) and the window period o (to convert Pt to an annual risk of
infection). Unlike s and r1, these can both be inferred from
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infrequent follow-up. Incidentally, using the values of s, r1,
and r2 previously reported,1 we find that

r� q1þ q2¼ 0:989 � 1 (4)

which manifests the combined fluctuations in the estimates of
s, r1, r2, and o. Although o is superficially absent in the
identity, it enters as the period over which the other param-
eters are defined.

The appropriately simplified form10 is amenable to cali-
bration using data obtained with long intervals of follow-
up.10 This seems to us to be an important point, as many
demographic and epidemiological surveillance studies we are
aware of, or expect to see implemented, are characterized by
follow-up intervals of the order of a year, almost ideal for
calibrating the reduced formula and clearly inadequate for
calibrating the previously published form. There is likely to
be substantial data of this sort available. On the other hand,
the cost of obtaining short interval follow-up data is high and
the opportunities for doing so are rare.

Note that even given an appropriate data set for estimating
s, r1, and r2, the use of the naive formula, for the purpose of
systematically quantifying uncertainty due to imperfect cali-
bration, would require additional specification of nontrivial
covariances implied by the identity.5

The attraction of using a test for recent infection for
HIV surveillance, program evaluation, and policy making lies
in the fact that it allows HIV incidence estimation from
cross-sectional blood samples. Cross-sectional HIV status in-
formation alone, however, does not allow estimation of the
calibration parameters. These must be estimated in separate
studies, involving follow-up of an intensity comparable to a
prospective observation of incidence. Only after this has been
done can the more efficient cross-sectional survey be em-
ployed on a suitably similar population. The more robust and
locally validated the calibration parameters are, the more in-
formative cross-sectional surveys can be. Therefore it is im-
portant that the necessary parameters be calibrated as widely
and thoroughly as possible, using such data as is available.
The parameters of the simplified formula are independent and
can be estimated from comparatively long interval follow-up
data, while the parameters used by McDougal et al.1 have
nontrivial correlation and require short intervals of follow-up.
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