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We evaluated a less-sensitive enzyme immunoassay (3A11-LS) for its possible use for early diagnosis of
human immunodeficiency virus type 1 (HIV-1) infection in infants. The results were compared with those from
the immunoglobulin G-capture enzyme immunoassay. A total of 239 sera from 77 infants were tested. All 25
sera from the 10 infants born to seronegative mothers were found to be negative by both assays. Forty-one
seroreverting infants showed a complete decay of maternal antibodies by 4 months by the 3A11-LS assay.
However, the assay detected HIV antibodies in only 9 (36%) of 25 sera collected from infected infants between
4 and 6 months and in 27 (63%) of 43 sera collected after 6 months of age. Further analysis with alternative
cutoff values indicated that the 3A11-LS had a sensitivity of 12 to 44% and a specificity of 90 to 100% for infants
between 4–6 months of age. This data suggest that a diagnosis of HIV infection in some of the infants could
be made after 4 months of age by the 3A11-LS assay, although a negative 3A11-LS test result may not rule out
infection and may require a further followup.

Considerable efforts have been devoted to developing and
assessing new approaches for the early diagnosis of human
immunodeficiency virus (HIV) infection in infants (1, 6, 7, 12,
14, 17). Although it is generally agreed that molecular meth-
ods, such as the detection of viral RNA or proviral DNA, are
the most sensitive methods for HIV type 1 (HIV-1) diagnosis
in infants (7, 14), these methods involve complex and expen-
sive technologies and thus have remained largely unavailable
in resource-poor settings in the developing world, where the
majority of pediatric HIV infections continue to occur (3, 5).
While affordable intervention strategies are now available to
prevent vertical transmission (4, 5, 8, 13, 16), early diagnosis of
HIV infection in exposed infants remains a major obstacle and
challenge both to assessing the efficacy of these strategies and
to providing early appropriate care to infected infants. Identi-
fication of a simple and inexpensive laboratory tool for early
diagnosis in infants would have great implications, especially in
developing countries (11).

In 1998 Janssen et al. (9) described a modified, less-sensitive
enzyme immunoassay (3A11-LS) which, when used in conjunc-
tion with the sensitive enzyme immunoassay (EIA), identifies
recent HIV-1 infection and is useful for estimating incidence in
a population. This method detects increasing antibody levels
during the early phase of infection and thus is quite sensitive to
various levels of HIV-1 antibodies. We postulated that this
method may also be useful in diagnosing HIV infection in
perinatally exposed infants who are making their own antibod-
ies in the background of decaying maternal antibodies. Our
previous work (15), using an immunoglobulin G-capture EIA

(IgG-CEIA), had shown that the decay of maternal antibodies
was observed over a period of 6 months and that most infected
infants (�90%) developed their own HIV-specific antibodies
which were detectable after 6 months. However, since the
complete decay of maternal antibodies took at least 6 months
by this approach, a definitive diagnosis of HIV infection in
exposed infants could not be accomplished earlier than 6
months. Because the 3A11-LS assay is performed at a 1/20,000
dilution, it is likely to observe different antibody kinetics. If the
time period for decay of maternal antibodies is shortened, this
would allow detection of infants’ own antibodies. Therefore,
we used the same specimens to comparatively examine the
3A11-LS assay to assess whether the diagnosis of HIV infec-
tion can be accomplished with high sensitivity and specificity in
infants younger than 6 months of age.

Infant serum specimens were collected from New York City
hospitals as part of a multicenter perinatal HIV-1 transmission
study, as described in detail elsewhere (1, 15). The study
groups were composed of 115 longitudinal specimens from 41
uninfected, seroreverting infants; 99 specimens from 26 HIV-
1-infected infants; and 25 specimens from 10 infants born to
HIV-1-seronegative mothers (negative controls). The infection
status of infants born to HIV-1-seropositive mothers was con-
firmed by PCR, serology, and clinical followup beyond 18
months of age or until death. All specimens were collected
under a protocol approved by the institutional review board,
and informed consents were obtained from mothers.

The 3A11-LS assay is a modified version of the Abbott 3A11
HIV-1 (viral lysate) EIA for HIV-1 antibodies. The assay pro-
tocol was described earlier (9) and included dilution of speci-
mens at 1/20,000 and reduced incubation times. An external
Calibrator (CAL) and low positive control were added to the
assay for increased consistency and were run in triplicate on
every plate. Specimens were run in duplicate. Standardized
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optical density (SOD) values were calculated to normalize the
optical density (OD) values and to minimize the interassay
variability by using the formula (mean specimen OD � mean
negative control OD)/(mean CAL OD). SOD values versus
infant age were plotted. Data were analyzed by using alterna-
tive cutoffs ranging from 0.5 to 1.5 SOD. IgG-CEIA results
were taken from previously published work (15) for compara-
tive analysis. The method has been described in detail earlier.

All 25 specimens from the 10 HIV-unexposed uninfected
infants were found to be negative by both the 3A11-LS assay
with a mean SOD of �0.019 and the IgG-CEIA with a mean
OD of 0.066 (not shown).

The comparative results of the 3A11-LS assay and the IgG-
CEIA on the 115 specimens from 41 seroreverting infants are
shown in Fig. 1A (upper panels). Decay of maternal antibodies
was observed in specimens taken soon after birth by the
3A11-LS assay and reached below the threshold of 0.75 SOD
by 4 months of age. All 90 specimens collected after 4 months
of age were below an SOD of 0.75, while 88 (98%) of these 90

specimens had SOD values of �0.5. In contrast, the observed
decay of maternal antibodies by the IgG-CEIA was delayed
initially by about 2 months and reached a background level
(�0.5 OD) by 6 months. Thus, all 69 specimens from 39 sero-
reverting infants collected after 6 months of age were negative.
Interestingly, the decay kinetics of maternal antibodies were
quite similar by both assays, with parallel slopes and half-lives
(t1/2) of 28 to 30 days (15).

The comparative results of the 3A11-LS assay and the IgG-
CEIA on 99 specimens from the 26 infected infants are shown
in Fig. 1B (lower panels). As before, the 3A11-LS assay dem-
onstrated an early, rapid decay of maternal antibodies, fol-
lowed by an increase reflecting synthesis of infant’s own anti-
bodies. The distribution showed a clear pattern of decline and
rise in HIV antibodies. However, the rise in detectable anti-
bodies observed by the 3A11-LS assay following decay of the
maternal antibodies was slower than that detected by the IgG-
CEIA.

The data were analyzed for sensitivity and specificity, by age,

FIG. 1. HIV-1 antibody detected in seroreverting infants (A, upper panels) or in HIV-1-infected infants (B, lower panels) with respect to their
ages. SOD values obtained by the 3A11-LS assay (F, left panels) or OD values by IgG-CEIA (E, right panels) are shown.
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using a cutoff of 0.5 OD for IgG-CEIA (15) and variable
cutoffs of 0.5 to 1.5 SOD for the 3A11-LS assay (Table 1). The
results demonstrate that the IgG-CEIA had poor specificity
during the infants’ early months. However, in specimens taken
from infants after 6 months of age, this assay had sensitivities
ranging from 88 to 94% in different age groups, with specific-
ities of 100% in each age group analyzed. The 3A11-LS assay
had excellent specificity, ranging from 90 to 100% in specimens
from infants after 4 months of age due to the lack of detection
of maternal antibodies. However, the sensitivity of the assay in
detecting HIV antibodies in infected infants was 12 to 44%
between 4 and 6 months of age and increased to 20 to 60%
between 6 and 8 months depending on the cutoffs used. Using
the cutoffs of 0.5 or 1.0 SOD, the highest sensitivity of 78% and
specificity of 100% was achieved only after the infants were
�10 months old.

In spite of this limitation, our results suggest that the
3A11-LS may potentially be useful in detecting HIV antibodies
in some of the infected infants by as early as 4 to 6 months of
age (sensitivity � 36% and specificity � 100% using a cutoff of
0.75). Therefore, a positive 3A11-LS result after 4 months of
age would be highly indicative of infection. However, a nega-
tive 3A11-LS test result would not rule out infection and will
require a further followup. It is possible that the infants can
subsequently be tested by IgG-CEIA after 6 months of age
when it has better sensitivity and specificity (90 and 100%,
respectively). Thus, an algorithm involving these two serologic
assays can help diagnose HIV infection in most perinatally
exposed infants by 4 to 6 months of age.

Since the 3A11-LS assay is performed at 1/20,000 dilution,
only high-titered antibodies are detected. The limited sensitiv-
ity (25 to 35%) of the 3A11-LS assay can possibly be explained
in that all infected infants did not make high-titered antibodies
at the early time points. In contrast, �90% of infected infants
had detectable antibodies as determined by the IgG-CEIA
after 6 months of age. Since this assay reflects the proportion
of HIV-specific antibody in the sera, it appears to be more
sensitive in this setting.

It was interesting that the two different approaches, one that
measures levels of antibodies indirectly by HIV antibody titer
and the other that measures the proportion of HIV-specific
antibodies showed similar decay characteristics of maternal
antibodies in seroreverting infants. Since the dynamic ranges
of the two assays are somewhat different, the 3A11-LS assay
showed decay soon after birth, while the IgG-CEIA showed
decay after about 2 months of age. This shift was also reflected
in the time it took for residual maternal antibodies to reach

background levels; 0 to 4 months for the 3A11-LS assay and 2
to 6 months for the IgG-CEIA. Unfortunately, the sensitivity
of the 3A11-LS assay was not adequate to detect antibodies in
all infected infants. Our previous work (15) has shown that the
synthesis of infant antibodies in significant amounts begins
only after about 3 months of age, but high-titer antibodies may
not be present until much later. Our results show that most
(�90%) HIV-infected infants have a significant proportion of
HIV-specific antibodies, detectable by the IgG-CEIA, by 6
months of age, but the titers of these antibodies are not high
enough (�1/20,000) to be detectable by the 3A11-LS assay.
Other techniques used to detect early HIV IgG in the infected
infants include the in vitro antibody production assay (2) and
the enzyme-linked immunospot assay (12). Both of these pro-
cedures detect HIV-specific antibodies secreted by infants’
lymphocytes but have had limited success for use in the early
period after birth. Secretion of small amounts of infant HIV
IgG, in the background of maternal antibodies, cannot be
detected by either of the two assays described here.

Our data show that the 3A11-LS assay may be useful for
early diagnosis of HIV infection in infants after 4 months of
age but that its sensitivity is limited. The 3A11-LS assay and
IgG-CEIA could possibly be used in an algorithm to diagnose
most infected infants between 4 and 6 months of age; however,
practical implementation of such an approach involving two
assays may not be easy. Since diagnosis of HIV-exposed infants
will continue to pose a major challenge in developing countries
for years to come, it will be important to develop a sensitive
and specific, yet simple and less-expensive assay. Recently,
Ledergerber et al. (10) described a boosted enzyme-linked
immunosorbent assay for p24 antigen detection that had com-
parable sensitivity to viral RNA measurements in predicting
progression to AIDS and survival in HIV-1-infected adults.
The application of such an assay for early diagnosis in infants
should be evaluated and could prove to be extremely valuable.
Alternatively, the development of an inexpensive, qualitative
HIV-1 RNA or DNA detection method should be a high pri-
ority. The development of such diagnostic method(s) will be
highly valuable in efforts to assess strategies to prevent vertical
transmission and for early treatment of HIV-1-infected infants.
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Alford, Mahrukh Bamji, Joanna Dobrosycki, Louise Kuhn, Ellie
Schoenbaum, Donald Thea, and Jeremy Weedon) and of the members
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the Centers for Disease Control and Prevention, Atlanta, Ga. (April

TABLE 1. Sensitivity and specificity of IgG-CEIA and 3A11-LS assay at various cutoffs, grouped by age

Method and
cutoff (SOD)

%SE and %SPa at various cutoffs in infants at age (mo):

0–2 2–4 4–6 6–8 8–10 10–12 �12

%SE %SP %SE %SP %SE %SP %SE %SP %SE %SP %SE %SP %SE %SP

IgG-CEIA 100 0 92 13 92 43 90 100 88 100 89 100 94 100
3A11-LS EIA

0.5 83 20 38 67 44 90 60 100 63 100 78 100 71 100
1.0 67 30 31 87 28 100 50 100 38 100 78 100 71 100
1.5 67 60 0 93 12 100 20 100 38 100 56 100 69 100

a %SE, percent sensitivity; %SP, percent specificity.
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