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Context.— Differentiating individuals with early human immunodeficiency virus
1 (HIV-1) infection from those infected for longer periods is difficult but important for
estimating HIV incidence and for purposes of clinical care and prevention.

Objective.— To develop and validate a serologic testing algorithm in which HIV-
1-positive persons with reactive test results on a sensitive HIV-1 enzyme immuno-
assay (EIA) but nonreactive results on a less sensitive (LS) EIA are identified as
having early infection.

Design.— Diagnostic test and testing strategy development, validation, and ap-
plication. Specimens were tested with both a sensitive HIV-1 EIA (3A11 assay) and
a less sensitive modification of the same EIA (3A11-LS assay).

Settings and Participants.— For assay development: 104 persons serocon-
verting to HIV-1 comprising 38 plasma donors, 18 patients of a sexually transmit-
ted disease clinic in Trinidad, and 48 patrticipants in the San Francisco Men’s Health
Study (SFMHS); 268 men without the acquired immunodeficiency syndrome
(AIDS) in the SFMHS who had been infected for at least 2.5 years; and 207 per-
sons with clinical AIDS; for testing strategy validation: 488 men in the SFMHS from
1985 through 1990 and 1 275 449 repeat blood donors at 3 American Red Cross
blood centers from 1993 through 1995; and for HIV-1 incidence estimates:
2 717 910 first-time blood donors. We retrospectively identified persons eligible for
a study of early infection.

Main Outcome Measure.— Ability to identify early HIV infection.

Results.— Estimated mean time to being 3A11 reactive/3A11-LS nonreactive
was 129 days (95% confidence interval [Cl], 109-149 days). Our testing strategy
accurately diagnosed 95% of persons with early infection; however, 0.4% (1/268)
of men with established infection and 2% (5/207) of persons with late-stage AIDS
were misdiagnosed as having early HIV-1 infection. Average yearly incidence es-
timates in SFMHS subjects were 1.5% per year vs observed average incidence of
1.4 per 100 person-years. Incidence in repeat blood donors using the sensitive/less
sensitive assay testing strategy was 2.95 per 100 000 per year (95% Cl, 1.14-6.53/
100 000) vs observed incidence of 2.60 per 100 000 person-years (95% Cl, 1.49-
4.21/100 000). Overallincidence in first-time blood donors was 7.18 per 100 000 per
year (95% Cl, 4.51-11.20/100 000) and did not change statistically significantly be-
tween 1993 and 1996. Use of the sensitive/less sensitive testing strategy alone
would have identified all 17 persons with antibodies to HIV-1 eligible for a study of
early HIV-1 infection and would have increased enrollment.

Conclusions.— The sensitive/less sensitive testing strategy provides accurate
diagnosis of early HIV-1 infection, provides accurate estimates of HIV-1 incidence,
can facilitate clinical studies of early HIV-1 infection, and provides information on

HIV-1 infection duration for care planning.
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MONITORING and controlling the spread
of human immunodeficiency virus 1 (HIV-
1) worldwide!? would greatly benefit from
a simple, practical method of identifying
recently infected persons. Accurate and
rapid diagnosis of recent infection also has
clinical implications.

Recent HIV-1infection comprises the
preseroconversion period from expo-
sure to detection of antibodies by en-
zyme immunoassay (ETA) and Western
blot and the early postseroconversion
period. The antibody-negative period is
referred to as acute or primary HIV-1
infection, diagnosed by p24 antigen®* or
viral RNA via polymerase chain reac-
tion®® and during which symptoms of the
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acute retroviral syndrome occur.*%" The
period immediately after seroconver-
sion, which we refer to as early HIV-1
infection, has been difficult to diagnose
with a single blood specimen.

Serologic monitoring of the HIV-1 epi-
demic has been generally limited to moni-
toring seroprevalence, the proportion of
persons with HIV-1 antibodies, compris-
ing both those with early infection and
those with chronic infection.® The best
data for understanding recent changes in
transmission are measurements of the
number of new infectionsina defined time
period (incidence) that have been prima-
rily provided by longitudinal cohort stud-
ies,”! longitudinal studies of persons at
risk for infection who seek repeat HIV
testing,!! and longitudinal unlinked sero-
surveys.'? These studies are technically
difficult and expensive, require long fol-
low-up, and may be biased.'

The detection of HIV-1 p24 antigen in
the preseroconversion period has been
proposed for identifying persons with
acute infection for estimating inci-
dence.’® However, because the dura-
tion of antigenemia before antibody de-
tection is brief (average, 14 [G.A.S., un-
published data, 1998]-22 days!'4!6), that
approachislimited to situations in which
alarge number of people can be tested or
in which the population incidence is high
(eg, more than 5% per year). Using this
approach, incidence surveys that over-
sample persons likely to have symptoms
related tothe acuteretroviral syndrome
will overestimate incidence in the popu-
lation from which the sample is selected.

To identify a person in the period of
early infection (when the antibody titer
is increasing but before peak and persis-
tently high antibody response!™), we
propose a sensitive/less sensitive assay
testing algorithm in which a blood speci-
men from a person with early infectionis
reactive on an EIA sensitive to antibod-
ies but nonreactive on a less sensitive
EIA. This testing strategy estimates in-
cidence by equating incidence with
prevalence of persons with early infec-
tion divided by the time between sero-
conversion on the 2 tests.?

METHODS
Assays

For the sensitive assay, we used a
Food and Drug Administration (FDA)-
licensed ETA (3A11, Abbott Laborato-
ries, Abbott Park, I1l) as recommended by
the package insert.?! Specimens with re-
active 3A11 test results were confirmed
to have HIV-1 antibodies by Western
blot.22 For the less sensitive EIA (called
3A11-LS in this article), we modified 3
elements of the 3A11 test procedure:
sample dilution, sample incubation time,
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Table 1.—Sources of Serial Serum or Plasma Specimens From Persons Seroconverting to HIV*

No. of No. of Time Between Specimens, Duration of Follow-up,
Source Persons Specimens Median (Range), d Median (Range), d
Plasma donorst 38 314 5(1-111) 50 (18-431)
Trinidad STD clinic 18 149 16 (5-686) 342 (88-767)
SFMHS 48 227 210 (160-1091) 2221 (238-4012)

- ________________________________________________________________|]
*Each person has at least one 3A11l nonreactive and one 3All reactive specimen. HIV indicates human
immunodeficiency virus; STD, sexually transmitted disease; and SFMHS, San Francisco Men's Health Study.

TObtained from a variety of commercial sources.

and conjugate incubation time. For the
less sensitive assay, sample optical den-
sity (OD) value was standardized as fol-
lows: (sample OD value - negative con-
trol OD value)/positive control OD value.
To further reduce sensitivity, we varied
the cutoff OD above which a specimen was
considered to have a reactive result.

Specimens for Assay and
Testing Strategy Development

To identify optimal conditions for the
3A11-LSassay and determine duration of
time between seroconversion on 3A11
and 3A11-LS assays, we obtained 690 se-
rial plasma or serum specimens from 3
sources from 104 persons seroconverting
to HIV-1(Table 1).2%" All specimens from
plasma donors and the San Francisco
Men’s Health Study (SFMHS) were
tested with the 3A11 assay and Western
blot. All specimens from Trinidad had
been screened by Western blot, and we
confirmed the Western blot—positive
specimens to be reactive by 3A11 assay.

To assess whether the 3A11-LS test
remains reactive throughout infection,
we obtained specimens from 268 men
without the acquired immunodeficiency
syndrome (AIDS) infected for atleast 2.5
years and seen between July and Decem-
ber 1986 in the SEFMHS, 49 persons (48
men, 1 woman) with clinical AIDS from
Boston Biomedica, Inc, and the last avail-
able specimen from all 158 men with an
AIDS diagnosis in the SFMHS. The CD4
cell counts from the same day as the se-
rologic specimens from seroconverters
and from persons with AIDS were as-
sessed using the Wilcoxon rank sum test®
to assess whether the CD4 cell count
could be used to differentiate between
these 2 groups in persons with 3A11 re-
active/3A11-LS nonreactive results.

Development of Optimal
3A11-LS Test Conditions

All specimens from plasma donors and
the SFMHS were tested using 3 combi-
nations of modifications of the 3A11 assay
that made it less sensitive (data not
shown). We chose a 1:20 000 sample dilu-
tion, 30-minute sample incubation time,
and 30-minute conjugate incubation time
for the conditions for the less sensitive as-
say because, when using them, the 3A11-
LS is easy to perform on large numbers
of samples, has low sensitivity, and

achieves reproducibility similar to the
3A11 assay.? Interassay reproducibility
of the 3A11-LS assay conditions was as-
sessed by testing samples in 2 laborato-
ries and using 3A11 kits from the same
master lot number. Assay-positive and
assay-negative controls were tested 10
timesin 1run. Percent coefficient of varia-
tion (%CV) for positive controls was 7.8
(mean + SD 0D, 0.332 + 0.026) and for the
negative controls was 18.2 (mean + SD
0D, 0.022 + 0.004). Regarding intra-assay
reproducibility, results were analyzed
fromtriplicate tests of internal assay posi-
tive controls from 9assay runs from which
mean %CV was 11.6 (mean+SD OD,
0.396 + 0.046).

Once we chose optimal 3A11-LS test
conditions, all Trinidad specimens were
tested with the 3A11-LS assay. Speci-
mens from any of the 3 sources with re-
sults unexpectedly high or low for their
sequence inasubject’s sample series, and,
when available, specimens with OD val-
ues between 50% and 150% of the internal
assay positive control were retested in
triplicate for verification. For specimens
tested in triplicate, we compared mean
0D of the 3 samples with the cutoff to as-
sess sample reactivity. In calculating the
mean of specimens testedin triplicate, OD
values greater than 50% less or 100%
more than the closest OD value were ex-
cluded. Using OD cutoffs of 0.50, 0.75, or
1.00, 76% to 82% of 125 specimens tested
in triplicate had the same reactive or non-
reactive results as those of the original
single 3A11-LsS test, similar to those for
comparing initial samples with repeat-
ably reactive samples onthe 3A11 assay.?!

Model Estimating Time Between
Seroconversion on the 2 Assays

We estimated distribution and mean
time between seroconversion on the
3A11 assay and the 3A11-LS assay using
amathematical model for specimens from
all 3 sources with a variety of cutoffs. To
estimate time between seroconversion on
the 2 assays, we assumed a progressive
increase in antibody during early infec-
tion, producing for each subject a well-
defined time on each assay before which
results would be nonreactive and after
which results would be reactive; serocon-
version time on the 3A11 assay was uni-
formly distributed between time of the
last 3A11 nonreactive specimen and the
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Figure 1.—3A11 (closed circle) and 3A11-LS (open circle) optical density (OD) test results from serial blood
specimens from 4 illustrative individuals. The origin of the x axis is the day of the last 3A11 nonreactive
specimen. Note that scales for the x and y axes vary among the figures and that different scales are used

for the 3A11 and 3A11-LS results.

time of the first 3A11 reactive specimen;
3A11-LS assay seroconversion occurred
no earlier than 3A11 assay seroconver-
sion; and time difference between sero-
conversion on the 3A11 and 3A11-LS as-
says was independent of seroconversion
time onthe 3A11 assay. We modeled time
between seroconversionsusing adiscrete
distribution that assigned a probability
toeachday from 0to3000 days, estimated
by maximum likelihood based on ob-
served data on times of last nonreactive
and first reactive results for 3A11 and
3A11-LS assays, using an EM algorithm
approach.? A smoothing step was added
to the algorithm® to speed convergence
and produce smooth curves; a kernel
smoother with a triangular kernel was
used with bandwidth (h) of 20 days. Mean
times between 3A11 and 3A11-LS sero-
conversion were largely invariant for the
range of days for smoothing bandwidths
we considered (0=<h=100). Confidencein-
tervals (CIs) for mean time between se-
roconversions were obtained using the
bootstrap percentile method.*® Day of
3A11 assay seroconversion was esti-
mated from the model conditional on ob-
served times of last nonreactive and first
reactive results for 3A11 and 3A11-LS
assays and using estimated distribution
of times between seroconversions. To as-
sess ability of the testing strategy to ac-
curately classify specimens obtained
within 129 days of estimated day of 3A11
seroconversion and to correct for mul-
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tiple specimens provided by subjects, we
calculated the average proportion of each
person’s specimens with 3A11 reactive/
3A11-LSnonreactive results obtained in
that period.

Sensitive/Less Sensitive Testing
Strategy for Estimating
HIV-1 Incidence

We estimated incidence with the sen-
sitive/less sensitive testing strategy
with the following formula: I = (ng/N)
(365/T) (100), where I is incidence (per-
cent per year); ny is number of persons
who were 3A11 reactive/3A11-LS non-
reactive; N is number of persons who
were HIV-1 negative plus number who
were 3A11 reactive/3A11-LS nonreac-
tive; and T is estimated mean number of
days between seroconversion on 3A11
and 3A11-LS tests (Appendix 1).

To determine whether the sensitive/
less sensitive testing strategy gives ac-
curate incidence estimates, we com-
pared our estimates with observed
incidence in 2 groups with different inci-
dences. Observed incidence was calcu-
lated as number of persons seroconvert-
ing between sequential follow-up visits
divided by person-years of follow-up. In
the first validation, we examined twelve
6-month follow-up periods of the SEMHS.
To provide independent verification for
this comparison, we used an estimate of
mean time between seroconversion on the
3A11and 3A11-LS assays using data only
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Figure 2.—Plot of standardized 3A11-LS optical
density (OD) values of specimens obtained since
estimated day of seroconversion on 3A11 assay. All
specimens were aligned at origin of x axis by
imputing a day of seroconversion on 3A11 assay
(see “Methods”). The solid line is a lowess®** smooth
ofthe OD values. The dashed line represents an OD
cutoff of 0.75 for the 3A11-LS assay.

from plasma donor and Trinidad speci-
mens. In the second validation, in a popu-
lation with low incidence, we tested the
HIV antibody-positive blood donations
from persons donating more than once
from January 1993 through December
1995 in 3 American Red Cross collection
regions (Appendix 2) that participate in
the Retrovirus Epidemiology Donor
Study (REDS).* Donations that tested
HIV-1positive with only 2 bands on West-
ern blot were tested by RNA polymer-
ase chain reaction as recommended to rule
out false-positive results in donors.*

Applications of the Sensitive/Less
Sensitive Testing Strategy

To better understand current HIV-1
transmission on a national level, we es-
timated incidence and examined trends
in proportion with early infectionin first-
time donors at 32 American Red Cross
collection regions (about 70% of annual
Red Cross donations) from May 1993
through December 1996 using x*test for
linear trend.?®

To examine utility of the sensitive/
less sensitive testing strategy in clinical
research, we retrospectively tested speci-
mens of potential enrollees in the Op-
tions Project, a research study of treat-
ment, epidemiology, and pathogenesis of
primary HIV infection in San Francisco.
Criteria for study enrollment were hav-
ing negative or indeterminate Western
blot and positive HIV-1 RNA test re-
sults, or having a documented negative an-
tibody result less than 6 months before a
positive antibody result at enrollment.

RESULTS

Results from 3A11 and 3A11-LS test-
ing of serial specimens from 4 illustra-
tive individuals are shown in Figure 1.
Signal/cutoff OD values on the standard
3A11 assay increase rapidly over sev-
eral weeks while standardized OD val-
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ues on the 3A11-LS assay increase more
gradually. Figure 2 shows standardized
OD values from the 3A11-LS assay for
372 specimens from 104 persons sero-
converting to HIV-1 and shows the in-
crease in 3A11-LS reactivity with in-
creasing time after the estimated day of
3A11 seroconversion.

Figure 3, left,shows the estimated dis-
tribution of and Table 2 the mean time
between seroconversiononthe3A11and
3A11-LS assays from our model. In-
creasing the cutoff on the 3A11-LS as-
say increases mean time between sero-
conversiononthe assays. We selected an
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OD cutoff value of 0.75 for the 3A11-LS
assay for our analyses because patterns
of times between specimen collection
and length of follow-up for each of the 3
data sourcesresulted in this cutoff’s pro-
ducing the most reliable estimate of dis-
tribution of times between seroconver-
sion on the 2 tests. Mean time between
seroconversion on the assays was 112
days for plasma donor samples and 127
days for samples from Trinidad. Because
intertest intervals were so long for the
SFMHS, the (unsmoothed) maximum
likelihood estimate (MLE) of distribu-
tion of times between seroconversions

- n=39
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0
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Figure 3.—Analyses of 3A11-LS results from specimens obtained after seroconversion on 3A11 assay.
Left, From mathematical model (see “Methods”), distribution of time from seroconversion on 3A11 assay
to seroconversion on 3A11-LS assay for 3 cutoff values (optical density [OD] = 0.50, 0.75, and 1.00) for
the 3A11-LS assay. Right, Results of 3A11-LS testing (OD cutoff = 0.75) during selected periods after
estimated day of seroconversion on 3A11 assay. Since persons provided multiple blood specimens in a
period, height of each bar represents average percentage of each person’s specimens with 3A11-LS
nonreactive results obtained in the period. In most cases, multiple specimens provided by a subject
during a period had the same test results; however, in the 30- to 59-day period, 1 person provided 3
3A11-LS nonreactive specimens followed by a 3A11-LS reactive specimen, and in the greater than
150-day period, 3 persons each provided a specimen with 3A11-LS nonreactive results followed by
multiple blood specimens with 3A11-LS reactive results.

Table 2.—Effect of Varying OD Cutoff for 3A11-LS Assay on Sensitive/Less Sensitive Testing Strategy*
_______________________________________________________________________________________________________]

using only SFMHS data has a large re-
gion where the MLE form is not fully
specified, although total mass amount
assigned to the region is specified.* By
assuming extreme possibilities (all mass
at beginning or end of the undefined re-
gion), range of mean time between sero-
conversions was 71 to 143 days. For all
data sources combined, this cutoff yields
a 129-day (95% CI, 109-149 days) inter-
val between seroconversion on the 2 as-
says. Figure 3, right, shows the average
percentage of each person’s specimens
that were 3A11 reactive/3A11-LS non-
reactive by days since estimated day of
seroconversion on the 3A11 assay. Simi-
larity in shape of Figure 3, left and right,
suggests our mathematical model appro-
priately describes time between 3A11
and 3A11-LS seroconversions.

In our study population, 77 (98.7%) of
78 persons providing a specimen within 129
days of estimated day of 3A11 serocon-
version had at least one 3A11-LS nonre-
active specimen. Average proportion of
each subject’s specimens that were 3A11-
LS nonreactive was 95.4%. Of the 303
specimens provided within 129 days of es-
timated day of 3A11 seroconversion, 296
(97.7%) were 3A11-LS nonreactive. Con-
versely, of 60 persons with specimens more
than 129 days after estimated day of 3A11
seroconversion, only 3 (5%) had at least one
3A11-LSnonreactive specimen. Of the 60,
average proportion of each subject’s speci-
mens that were 3A11-LS nonreactive was
1%. Of 154 total specimens provided at
least 129 days after estimated 3A11 sero-
conversion date, 3 (1.9%) were 3A11-LS
nonreactive. The 3A11-LS test became re-
active for all 57 seroconverting persons fol-
lowed up for at least 149 days after esti-
mated seroconversion date. In addition,
only 1 (0.4%) of 268 specimens obtained

Median CD4
No. (%) of Cell Count of Persons With
Specimens Specimens Established Median CD4 Cell
From Persons From Early HIV Infection, Count of Specimens Sample Size Needed
Time Between With Early Infection With but Not AIDS, Persons With From Persons With If Incidence
Seroconversion Infection With 3A11 Reactive/ Classified as  AIDS Classified AIDS Testing 3A11
on the 3A11 and 3A11 Reactive/ 3A11-LS Nonreactive Having Early  as Having Early Reactive/3A11-LS =1% and =5% and
Cutoff OD for 3A11-LS Assays, 3A11-LS Nonreactive Results, x10°L Infection, % Infection, % Nonreactive, x10%L 95% Cl = 95% Cl =
3A11-LS Test  Mean (95% ClI), d Resultst (No. of Specimens)t (n=268)8 (n=207)8 (No. of Specimens) 0.3-3.0 2.5-10.0
0.50 102 (83-121) 290 (95) 0.454 (73) 0 14 0.027 (3) 3600 2000
0.75 129 (109-149) 303 (98) 0.446 (90) 0.4 2.4 0.027 (5) 3000 1400
1.00 164 (134-199) 317 (96) 0.454 (105) 0.7 2.9 0.044 (6) 2300 1400
1.25 184|| (152-238) 326 (94) 0.466 (111) 11 3.4 0.075 (8) 1 1
1.50 202|| (170-252) 330 (95) 0.491 (122) 11 53 0.048 (13) 1 1
2.00 252|| (200-321) 352 (95) 0.495 (139) 1.9 10.1 0.038 (23) 1 1

________________________________________________________________________________________________________________]

*Varying the cutoff on the 3A11-LS assay affects the time between seroconversion on the 3A11 and 3A11-LS assays, the proportion of persons with later-stage disease misclassified
as having early infection, and the sample size needed for cross-sectional incidence studies. OD indicates optical density; LS, less sensitive; HIV, human immunodeficiency virus;
AIDS, acquired immunodeficiency syndrome; and Cl, confidence interval.

TNumber of 3A11-LS nonreactive specimens obtained from persons within the cutoff-specific estimated mean number of days after seroconversion on the 3A11 assay.

$CD4 cell counts of 3A11 reactive/3A11-LS nonreactive specimens from persons seroconverting to HIV. CD4 cell counts were available only from specimens from Trinidad and
the San Francisco Men’s Health Study.

§Proportion with 3A11 reactive/3A11-LS nonreactive test results.

|[Means and 95% Cls for cutoffs greater than 1.00 are conditional on seroconversion. For cutoffs of 1.25, 1.50, and 2.00, we estimate that approximately 2% of persons with HIV
infection may never have a reactive 3A11-LS test result.

fICutoffs greater than 1.00 for the 3A11-LS assay produce greater uncertainty in the estimate of the time between seroconversion on the 2 tests than do lower cutoffs and may
not provide incidence estimates as accurately as with lower cutoffs.
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Table 3.—Comparison of HIV Incidence in the San Francisco Men’s Health Study, Estimated by the Sensitive/Less Sensitive Testing Strategy, With Observed

Estimates*

Observed HIV Incidence

Estimation by Sensitive/Less Sensitive Testing Strategyt

Period in Which [
Seroconversion on
3A11 Assay Occurred

No. Observed
to Seroconvert

Incidence per 100
Person-Years (95% ClI)

1 [
No. Identified as
Having Early Infectiont

1
Incidence, % per
Year (95% ClI)

No. at Risk for HIV
Infection During Period

1/85-6/85 10 3.6 (1.7-6.6) 5 488 3.1(0.8-9.2)
7/85-12/85 5 2.4 (0.8-5.6) 2 408 1.5 (0.1-7.0)
1/86-6/86 5 2.4 (0.8-5.7) 1 393 0.8 (0.01-5.7)
7/86-12/86 5 2.5(0.8-5.8) 3 398 2.3(0.3-8.6)
1/87-6/87 3 1.2 (0.3-3.6) 1 405 0.8 (0.01-5.5)
7/187-12/87 1 0.5 (0.01-3.0) 1 393 0.8 (0.01-5.7)
1/88-6/88 2 1.0 (0.1-3.6) 2 393 1.6 (0.1-7.3)
7/88-12/88 2 1.0 (0.1-3.5) 2 396 1.6 (0.1-7.2)
1/89-6/89 2 0.9 (0.1-3.3) 2 408 1.5 (0.1-7.0)
7/89-12/89 1 0.5 (0.01-2.6) 1 391 0.8 (0.01-5.7)
1/90-6/90 1 0.5 (0.01-2.8) 1 391 0.8 (0.01-5.7)
7/90-12/90 1 0.6 (0.01-3.5) 0 266 0(0.0-4.9)
Average§ 3 14(..) 2 394 15(..)

*HIV indicates human immunodeficiency virus; Cl, confidence interval; and LS, less sensitive.
tCalculations using the sensitive/less sensitive testing strategy used a mean time between seroconversion on the 3A11 and 3A11-LS assays of 119 days (95% CI, 104-131
days) based on data only from plasma donor and Trinidad specimens.
FEarly infection is defined as 3A11 reactive/3A11-LS nonreactive specimens with an optical density cutoff of 0.75 for the 3A11-LS test.

§Unweighted average of 6-month results.

Table 4.—Trends in HIV Incidence Among Persons Donating Blood for the First Time in 32 American Red
Cross Collection Regions, May 1993 Through December 1996*

No. HIV No. HIV Positive/ Incidence per
Year Positivet and 3A11-LS Nonreactive No. Testedt 100000 per Year (95% ClI)
19938 107 15 460507 9.22 (3.95-19.28)
1994 177 24 763141 8.90 (4.47-16.62)
1995 141 12 754551 4.50 (1.76-10.02)
1996 122 18 739711 6.89 (3.16-13.74)
19938-1996 547 69 2717910 7.18 (4.51-11.20)

*HIV indicates human immunodeficiency virus; LS, less sensitive; Cl, confidence interval; and EIA, enzyme

immunoassay.

‘tDonations were screened with a combination HIV-1/HIV-2 EIAand those with repeatably reactive EIAresults were
confirmed to have antibodies to HIV by Western blot. All HIV-positive donations that had only 2 bands on Western
blot were tested with RNA polymerase chain reaction. Polymerase chain reaction—-negative donations were excluded

from the analysis.

fIncludes those with negative HIV test results and those with HIV positive/3A11-LS nonreactive test results.
§May through December 1993. All other years are January through December.

from men without AIDS in the SFMHS
was 3A11-LS nonreactive (Table 2).

Of 207 specimens from persons with
AIDS,5were3Al1lreactive/3A11-LSnon-
reactive (Table 2). Of these, 4 were from
men from the SEMHS for whom earlier
specimens were available. Blood speci-
mens from 6 months before their 3A11
reactive/3A11-LS nonreactive tests were
reactive on both assays. The CD4 cell
counts were significantly higher in sero-
converters who were 3A11 reactive/3A11-
LSnonreactive (mean + SD CD4 cell count,
0.554 +0.341 X 10%L [554 + 341/pL]; range,
0.118-1.363 X 10%/L) than in those with
AIDS with such results (mean + SD CD4
cell count, 0.044 + 0.038 X 10%/L; range,
0.013-0.104 X 10%/L; P<.001).

Validation of the Sensitive/Less
Sensitive Testing Strategy
for Estimating HIV-1 Incidence

Comparisons of incidence estimates
using the sensitive/less sensitive testing
strategy with observed SFMHS cohort
estimates are shown in Table 3. Despite
the small number of persons at serocon-
version risk in each follow-up period,
point estimates for most 6-month follow-
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up periods and for average incidence per
follow-up period were similar.

In our validation in repeat blood do-
nors, of 1275449 eligible donations, 16
donations tested HIV-1 positive. Of
the 16,10 were 3A11 reactive/3A11 non-
reactive, giving an HIV-1 incidence es-
timate of 2.95 (95% CI, 1.14-6.53) per
100 000 per year, similar to incidence es-
timated fromlongitudinal observationin
the same donors (2.60[95% CI,1.49-4.21]
per 100 000 person-years]) (G. Schreiber,
REDS, written communication, Sep-
tember 5, 1997).

Applications of the Sensitive/Less
Sensitive Testing Strategy

Of 2717910 first-time blood donations
at 32 American Red Cross collection re-
gions, 547 were positive and 69 were 3A11
reactive/3A11-LS nonreactive (Table 4).
Incidence of HIV-1in first-time blood do-
nors was stable from mid-1993 through
the end of 1996 (Table 4; P =.17).

From June 1996 through June 1997, in
the Options Project, we enrolled 5 per-
sons with reactive EIAs, negative or in-
determinate Western blot results, and
positive for HIV-1 RNA;all5were 3A11-

LSnonreactive. Also, we enrolled 17 per-
sons who met a second study criterion of
a documented negative HIV-1 antibody
test result less than 6 months before a
positive HIV-1 antibody test result at en-
rollment,; all had 3A11-LS results consis-
tent with early HIV-1linfection. Thus, the
sensitive/less sensitive testing strategy
alone would have identified all 17 persons
meeting this criterion. Also, 7 persons
seeking enrollment could document a
negative result only in the previous 6 to
18 months but had evidence of early in-
fection based on HIV-1-positive and
3A11-LS nonreactive results.

COMMENT

We developed a serologic testing algo-
rithm that accurately diagnoses persons
as having early HIV-1 infection many
months afterseroconversionis detectable
by standard antibody assays. The ability
to differentiate persons with early infec-
tion from those with later infection is a
breakthrough for estimating HIV-1 inci-
dence, for clinical care and research stud-
ies focused on early HIV-1 infection, and
for guiding HIV prevention programs.

Based on our validation studies, the sen-
sitive/less sensitive testing strategy can
be expected to provide accurate national
and local HIV-1incidence estimates. Back-
calculation has provided plausible descrip-
tions of past HIV-1 incidence but esti-
mates of recent HIV-1 incidence using it
have great uncertainty.*** Also, change
in the AIDS case definition in 1993% has
further limited the use of backcalcula-
tion. The sensitive/less sensitive testing
strategy, however, used in conjunction
with HIV case surveillance, can provide
minimum estimates of incidence in states
with HIV surveillance,? and national es-
timates may be modeled from such data.
At the local level, our sensitive/less sen-
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sitive testing strategy can be used to pro-
vide timely estimates of incidence in cross-
sectional studies in a variety of settings.®

To better understand HIV-1 trans-
mission on anational level, we examined
incidence trends in first-time blood do-
nors at nearly three quarters of Ameri-
can Red Cross collection regions. Al-
though AIDS cases in persons infected
through heterosexual contact increased
during the study period,? many were re-
lated to sexual transmission from inject-
ing drug users. Incidence in blood do-
nors is more likely to reflect persons at
risk through heterosexual transmission
from persons not at recognized risk. Our
datasuggest that thereis nowidespread
increase in such heterosexual HIV-1
transmission in the United States.

Diagnosis of earliest stages of HIV-1in-
fection is important for clinical interven-
tion and research.*4* Patients with acute
infection present with relatively nonspe-
cific signs and symptoms that are often
undiagnosed or misdiagnosed.*"* An ac-
curate diagnosis permits initiation of
effective antiretroviral treatment to aug-
ment immunologic mechanisms that con-
tain viral replication following primary vi-
ral dissemination.**™ While plasma viral
load decreases following seroconversion,
in early infection, viral replication in lym-
phoid tissue remains as high as during
acute infection, which provides a patho-
physiologic basis for treating those with
early infection as aggressively as those
with acute infection.*” The sensitive/less
sensitive testing strategy would greatly
assist in identifying persons for whom
there is pathophysiologic and clinical®®
evidence to support initiation of antiret-
roviral therapy. Also, in combination with
viralload levels, knowledge of the timing
of seroconversion can provide valuable
information regarding a patient’s prog-
nosis.*

Over a 1-year period in the Options
Project, using the sensitive/less sensi-
tive testing strategy, we could have in-
creased enrollment by identifying sero-
positive persons who could not docu-
ment an HIV-1-negative result in the
preceding 6 months as having early in-
fection. It is now included in criteria for
study enrollment.

Those with early infection have re-
cently engaged in high-risk behavior with
a person with HIV-1 infection and may
transmit the virus more efficiently than at
other times during infection.”** Partner
notification strategies using the sensitive/
less sensitive testing strategy can be used
tomap the sexual or injecting drug use net-
works of a person with early HIV-1 infec-
tion® to identify groups in whom HIV-1
is being transmitted. Prevention activi-
ties can then be provided in the hope of in-
terrupting ongoing viral transmission.
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A limitation of the sensitive/less sen-
sitive testing strategy is that a few per-
sons with long-standing infection (0.4%)
and late-stage AIDS (2%) could be mis-
diagnosed as having early infection. If
one chose to use a higher OD cutoff than
0.75 for the 3A11-LS assay to identify
additional seroconverting persons, the
proportion misdiagnosed would be
higher (Table 2, Appendix 3). However,
CD4 cell counts in seroconverting per-
sonsin this study were similarto thosein
prior reports®® and higher than in AIDS
patients with 3A11 reactive/3A11-LS
nonreactive results. Thus, access to CD4
cell counts or clinical information on sub-
jects will be needed when the sensitive/
less sensitive testing strategy is used in
care settings (Appendix 4). The strategy
ismost useful when first testing for HIV.

The sensitive/less sensitive testing
strategy is inexpensive and reproduc-
ible and accurately identifies persons
with early HIV-1 infection. It is useful
at the population level for estimating
HIV-1incidence, at the clinical level for
patient care and for identifying subjects
with early infection for therapeutic tri-
als and pathogenesis studies, and at the
public health level for focusing and
evaluating HIV prevention efforts.

APPENDIX 1

Using a Bonferroni procedure, CIs for
incidence estimates using the sensitive/
less sensitive testing strategy will reflect
sampling variability ofng and uncertainty
in mean time between seroconversions
(T). To calculate 95% CIs (lgs, ugs) for inci-
dence estimates, we obtained a 97.5% CI
for ng, using a Poisson assumption. The
Bonferroni 95% Cls for incidence are lgs=
(ng, /N)(365/T*)(100), where ng is the
lower 97.5% CI from the Poisson assump-
tion, N is the number of HIV-1-negative
persons plus the number with 3A11 reac-
tive/3A11-LS nonreactive test results,
and T* is the upper 97.5% CI for mean
time between seroconversions; and ug; =
(ng; /N) (365/T-) (100), where ng; is the up-
per 97.5% CI from the Poisson assump-
tion, and T-is the lower 97.5% CI for mean
time between seroconversions. For a
3A11-LS cutoff of 0.75, we estimate
T-=108 days and T*= 154 days; for cutoff
of 1.0, we estimate T-=130 days and
T+=205 days.

APPENDIX 2

The formula for calculating HIV-1 in-
cidence using the sensitive/less sensitive
testing strategy must be modified to ac-
count for multiple donations from the
same subject. Incidence can be calculated
using (ng/Ng)(365/y)(100), where ng is
number of 3A11 reactive/3A11-LSnonre-
active specimens detected in eligible do-
nations, Nyisnumber of eligible donations

given (excluding the initial, seronegative
donation establishing eligibility for the
sample), and vy = E[[§T S(x)dx], where E
denotes expected value with respect to
interdonationintervals AT and S(x)is pro-
portion of 3A11 reactive/3A11-LS nonre-
active results x days after 3A11 serocon-
version as shown in Figure 3, left. This
equation has the same form as that in the
text, but with T replaced by . To derive
thisresult, observedincidenceis obtained
by dividing number of seroconverting
persons donating repeatedly by person-
time of observation. To use the sensitive/
less sensitive testing strategy, we re-
placed number of seroconverting persons
by number of persons who were 3A11 re-
active/3A11-LS nonreactive, divided by
probability that seroconverting persons
would be observed asbeing 3A11-LSnon-
reactive at time of first 3A11 reactive do-
nation. Following Satten,” this probabil-
ity is given by E[[§T S(x)dx)/AT where
AT denotes average interdonation inter-
val. Because person-time of observation
can be written as N,AT, we obtain the de-
sired equation. To estimate y, we used the
empirical distribution of interdonation in-
tervals from REDS to compute the re-
quired expected value. Due to the large
number of interdonation intervals con-
tributing to this empirical distribution,
bootstrap CIs for y assumed that the only
source of variability was S(x).

APPENDIX 3

Selection of a cutoff for the 3A11-LS as-
say for studies of incidence represents a
balance of sample size with uncertainty of
incidence estimate and proportion of per-
sons with AIDS possibly misclassified as
having early infection. Smaller sample sizes
can be achieved by raising the 3A11-LS as-
say cutoff, but at the cost of increasing in-
cidence estimate uncertainty and increas-
ing proportion of persons with possible
ATDS misclassification (Table 2). When us-
ing the sensitive/less sensitive testing
strategy for clinical purposes and preven-
tion activities, an OD cutoff as high as 2.00
for the 3A11-LS assay may be acceptable
since follow-up samples can be obtained to
confirm early infection using CD4 cell count
or by showing a progressive increase inre-
activity on the 3A11-LS assay.

APPENDIX 4

To determine upper limit of acceptable
prevalence of persons with AIDS in a
sample, one can choose arbitrarily an ac-
ceptable percentage of the 3A11 reactive/
3A11-LS nonreactive specimens coming
from persons with AIDS. When using a
cutoff of 0.75 for the 3A11-LS assay, to
ensure that fewer than k percentage of
specimens testing 3A11 reactive/3A11-
LS nonreactive are due to late-stage
AIDS patients, paps <k/(100 - k)(T/365)
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(7/0.024), where pamps is the prevalence of
AIDS cases in the sampled population (as
apercentage); kis the acceptable percent-
age of 3A11 reactive/3A11-LS nonreac-
tive samples attributable to AIDS pa-
tients; T is mean time between serocon-
version on the 3A11 and 3A11-LS assays;
and ¢is HIV-1incidence in percentage per
year. For example, if k£ = 10, T = 129 days,
and 7=1%, then for fewer than 10% of
3A11 reactive/3A11-LLS nonreactive
samples to come from AIDS patients,
Pams must be less than 1.6%.

We are indebted to Haynes Sheppard, PhD, for
providing data from the SFMHS; to Courtenay
Bartholomew, MD, and Jeffrey Edwards, MD, for
oversight of specimen and data collection in Trini-
dad; to Jaye Brodsky, Ed Notari, MPH, and John
Aberle-Grasse, MPH, for providing system-wide
data from the American Red Cross; to George
Schreiber, ScD, and Kevin Watanabe, MD, for
providing incidence data from REDS; to Teresa
Jacobs, MPH, for data management; and to Harold
Jaffe, MD, for comments on the manuscript.
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and Critical Control Point principles to the processing of these
foods to control potential contamination.’ Until the final rule
is implemented, the FDA requires packaged juice that has not
been processed to prevent, reduce, or eliminate pathogens that
may be present to bear a warning statement informing con-
sumers of the potential risk of these products.’

We hope that the final implementation of the FDA’s new rules
will result in the production of safe product. Until that time,
consumers, in particular those at greatest risk of developing
serious illness from enteric pathogens (eg, children, the el-
derly, and persons with weakened immune systems), should
heed warning labels now being placed on unpasteurized juice
products.’ Those wanting to reduce their risk for illness should
drink only pasteurized juices.

Kim A. Cook, MD, MSPH

David L. Swerdlow, MD

Centers for Disease Control and Prevention
Atlanta, Ga
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Is Osteopathic Medicine "Alternative"?

To the Editor: Dr McPartland' raises an interesting issue in
criticizing my book on alternative medicine for excluding os-
teopathy. Is osteopathic medicine “alternative”?

Contrary to McPartland’s belief, but according to the Ameri-
can Osteopathic Association, mainstream training and licensure
requirements, and the American Medical Association, which in-
cludes doctors of osteopathy among its members, osteopathic
medicine is decidedly not alternative. Students of osteopathic medi-
cine train for the same length of time and according to the same
standards applied in allopathic medical schools, often must pass
the same tests and licensing examinations, and, like doctors of
medicine, may be licensed for the full practice of medicine in all
50 states. No other group is so trained or permitted.>’

Further, osteopathic medical school accreditation is recog-
nized by the US Department of Education. Applicants to schools
of both allopathic and osteopathic medicine are required to take
the medical college admission test.

Alternative medicine by definition is unproved, and it ex-
ists primarily outside mainstream medicine. If it were proved
and fully accepted, it would not be alternative. The thorough
integration of osteopathic medicine into the mainstream sug-
gests that the views of McPartland, who is the director of an
alternative medicine clinic, are not shared by most of his fel-
low practitioners.

Barrie R. Cassileth, PhD
Truro, Mass

©1999 American Medical Association. All rights reserved.
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In Reply: Dr Cassileth’s question “Is osteopathic medicine al-
ternative?” currently cleaves the osteopathic community. This
issue has been addressed in a recent survey' and numerous edi-
torials.>? Cassileth has her finger on the pulse of the “allopathic
wing” of the American Osteopathic Association. Verily, Ameri-
can Osteopathic Association Executive Director R. Draba sum-
marized his opinion in a letter to me: “Osteopathic medicine is
as American as apple pie and Chevy trucks. It's mainstream
medicine . . . there’s nothing alternative about osteopathic medi-
cine” (written communication, 1994).

But if we define alternative medicine as “any medical inter-
vention not taught widely at allopathic medical schools, nor
generally available at hospitals,”*> then osteopathic manipu-
lative treatment qualifies as alternative. Inferentially, a physi-
cian who uses osteopathic manipulative treatment can be
defined as an alternative practitioner. This label should
not disturb physicians familiar with the writings of A. T.
Still,® the founder of osteopathy, who offered his reform move-
ment as a rational alternative to the practice of 19th-century
medicine.
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CORRECTIONS

Incorrect Number: In the Original Contribution entitled “Early Health Effects of
the Emerging Tobacco Epidemic in China: A 16-Year Prospective Study” pub-
lished in the November 12, 1997, issue of THE JOURNAL (1997:278:1500-1504),
an incorrect number appeared in the abstract. In the fifth line under “Results,”
the number 22 in the confidence interval should be 2.2.

Incorrect Wording: In the Original Contribution entitled “New Testing Strategy
to Detect Early HIV-1 Infection for Use in Incidence Estimates and for Clinical and
Prevention Purposes” published in the July 1, 1998, issue of THE JOURNAL (1998;
280:42-48), there was incorrect wording in the abstract. On page 42, under “Re-
sults,” the first sentence should read as follows: “Estimated mean time from be-
ing 3A11 reactive/3A11-LS nonreactive to being 3A11 reactive/3A11-LS reactive
was 129 days (95% confidence interval [CI], 109-149 days)."
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