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INTRODUCTION
The Joint United Nations Program on HIV/AIDS (UNAIDS) estimates that 1.5 million HIV-
infected women in low- and middle-income countries gave birth in 2006.1 With expansion of
prevention of mother-to-child transmission (PMTCT) interventions, the majority of their
infants will be HIV-uninfected. Reliable diagnostic testing must be available to confirm or
deny infection in these exposed infants. Diagnosis of HIV in infants is complicated by
transplacental transfer of maternal antibody, which is greatest in the third trimester,2 making
it difficult to distinguish between maternal and infant infection using antibody-based testing.
In settings where early HIV diagnosis by DNA or RNA polymerase chain reaction (PCR) tests
is not available, HIV enzyme-linked immunoassay (EIA) testing has been recommended by
the World Health Organization (WHO) from as early as nine months of age to rule-out infection
in non-breastfeeding infants.3, 4 This recommendation is based on earlier data showing that
~95% of uninfected children serorevert by 12 months of age.4 It is unclear whether this is the
case in Asian cohorts with different viral subtypes. In order to assess whether EIA testing
algorithms apply to Vietnamese infants, we conducted a prospective study of EIA testing
starting at 12 months of age in a cohort of HIV-exposed, uninfected infants.

METHODS
Study patients and data collection

HIV-exposed, uninfected infants enrolled in a parent study of diagnostic and monitoring testing
in Ho Chi Minh City between February 2005 to August 2006 were eligible for the EIA study.
Eligible infants for the parent study were ≤2 months of age, born to HIV-infected women at
≥36 weeks gestation, and lacked evidence of severe HIV disease at study entry. Pregnancy and
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delivery-related information were based on obstetric records and maternal recall at initial
enrollment; antenatal maternal antiretroviral days and postnatal infant antiretroviral days after
delivery were based on obstetric hospital records. Antiretroviral exposure was further
categorized based on inclusion of protease inhibitors in the antenatal regimen. Infant age,
height, and weight were collected at the time of follow-up blood testing. Height-for-age and
weight-for-age Z-scores were calculated using WHO 2006 Child Growth Standards.5

PMTCT regimens
Over the course of the study, the available and recommended PMTCT regimens in Vietnam
varied. Women identified as HIV-infected earlier in pregnancy initially were offered
zidovudine alone or zidovudine with lamivudine, with or without a single-dose of nevirapine
at labor, from approximately 34 weeks gestation. From the Fall of 2005 to the end of the
enrollment period, women with CD4 counts greater than 250 cells/mm3 were offered
zidovudine, lamivudine, and nelfinavir from 36 weeks gestation. Women with lower CD4
counts received zidovudine, lamivudine, and nevirapine. Throughout the enrollment period,
women identified at labor were given single-dose nevirapine. The infant regimen was single-
dose nevirapine after birth until December 2005, after which they were given seven days of
zidovudine and lamivudine. Around March 2006 the regimen was switched to zidovudine for
seven to 28 days with single-dose nevirapine, depending on maternal antiretroviral history.

Confirmation of HIV infection status
Diagnostic testing was initiated at two months of age. Samples were obtained at Children’s
Hospital 1, Ho Chi Minh City, and submitted to the Pasteur Institute within six hours for
processing and testing using HIV DNA PCR on whole blood (in-house assay, Pasteur Institute,
Ho Chi Minh City). Positive tests were confirmed with a second DNA PCR on a new sample
taken two to four weeks later. Infants with indeterminate or negative PCR tests at two months
were retested at six months of age. Those with ≥2 negative DNA PCR results were considered
HIV-uninfected. Uninfected infants who continued follow-up through 12 months of age were
eligible for participation in the EIA study.

HIV EIA testing
Antibody testing was conducted at 12 months of age using a two-step EIA protocol with two
different third-generation assays: Genscreen HIV 1/2 version 2 (Bio-Rad, France) and Murex
1.2.0 (Murex Biotech, UK). Samples were collected at Children’s Hospital 1 and delivered
within 24 hours to the Pasteur Institute, where specimen processing and testing were conducted.
Optical density readings that exceeded the intra-assay cut-off value were designated as positive;
readings at or below the cut-off were designated as negative. Infants with negative Genscreen
tests were considered to have seroreverted and were designated as EIA-negative (Figure 1).
Samples with positive Genscreen tests were retested with the Murex assay. Those with a
positive Genscreen but a negative Murex test were considered EIA-indeterminate. Those with
both positive Genscreen and Murex tests were considered EIA-positive. Infants who had not
seroreverted at 12 months (i.e., EIA-indeterminate or EIA-positive) were retested at 18 months,
and again at 24 months if necessary.

Analysis
Descriptive data were examined on the basis of the 12-month EIA result. For univariate
analyses, infants with negative EIA tests were compared to the combined group of those with
indeterminate and positive results (i.e., non-negative). Chi-square and Student t-test were used
for categorical and continuous variables, respectively. The confidence interval (CI) for the
specificity was calculated using Greenwood's formula for the log survival function.
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A logistic regression model was used for multivariate analysis that included variables with
p<0.2 on univariate analysis. The model was checked using graphic plots for influential points
and the Hosmer-Lemeshow goodness of fit test. The univariate results and regression model
were assessed at a level of significance of p<0.05. All analyses were performed in Stata Version
9.2 (College Station, Texas).

Human subjects protections
The study protocol was approved by the Ho Chi Minh City AIDS Committee Institutional
Review Board and the Committee on Human Research at the University of California, San
Francisco. Informed consent was obtained from the parent or legally-recognized guardian.

RESULTS
Of 303 HIV-uninfected infants enrolled in the parent study, 273 (90%) remained in follow-up
through 12 months of age and were included in the EIA study. Of these 273 infants, 230 (86%)
had maternal and infant perinatal antiretroviral exposure, with 11 (4.0%) infants ever breastfed
for a median of three [interquartile range (IQR) 1, 7] days (Table 1).

Initial EIA testing was conducted at a median of 12.20 (IQR 12.17, 12.23) months of age. Fifty-
nine infants (22%) were negative by EIA, 131 (48%) were indeterminate, and 83 (30%) were
EIA-positive; specificity 21.6 (95% CI 16.6, 26.3). Seroreversion was subsequently
documented in 112 (85%) indeterminate and 70 (84%) positive infants; 32 were lost to follow-
up (Figure 2). Infants with positive EIA tests at 12 months were 74% more likely than EIA-
indeterminate infants to test indeterminate or positive at 18 months [risk ratio (RR) 1.74, 95%
CI 1.15, 2.64; p=0.03].

By our criteria, none of the covariates was associated with testing negative at 12 months of age
on univariate analysis (Table 1). Although 30% of all mothers of non-negative infants were on
protease inhibitor-containing PMTCT regimens for a median of 22.5 days (IQR 19, 28)
compared with 19% of all mothers of seroreverted infants who received a median of 18 days
of antiretrovirals (IQR 5, 28), this difference was not significant (RR 0.61, CI 0.33, 1.14;
p=0.11).

The logistic regression model included three covariates: maternal antiretroviral history,
maternal protease inhibitor exposure, and infant height Z-score. Although not significant by
t-test, the model showed that height-for-age Z-score was associated with increased odds of
seroreversion at 12 months of age [adjusted odds ratio (AOR) 1.33 per unit increase, 95% CI
1.01, 1.76; p=0.045]. Goodness of fit testing did not reveal grossly poor fit (p=0.44). In an
exploratory analysis we found weak evidence (p=0.08) for interaction between days of
maternal antiretroviral use and protease inhibitor exposure. Among infants of mothers using
protease inhibitors, days of antiretroviral use was associated with lower odds of seroreversion
at 12 months (AOR 0.93 per day of use, 95% CI 0.87–0.99; p=0.03), but not among infants of
mothers not using protease inhibitors (AOR 0.99 per day of use, 95% CI 0.97–1.01; p=0.29).

DISCUSSION
Previously reported seroreversion rates as high as 94% at 12 months of age led to
recommendations to use EIA testing in older infants as a way to rule-out infection in
asymptomatic, non-breastfeeding infants.4, 6 Although a recent study in Malawi reported that
seroreversion using standard EIA tests at 15 months of age had fallen from 99% in 1993-6 to
95% in 2000-3, the absolute percentages strongly support the use of EIA in their setting.7
However, the specificity of third-generation standard EIAs was only 22% in our cohort of HIV-
uninfected Vietnamese infants at 12 months of age.
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The reasons for our false non-negative rate of almost 80% are unclear. Current EIAs can
reliably identify infection with a variety of HIV-1 subtypes, but a few studies have found
subtype-related variations in assay performance.8, 9 Thai and US investigators using a less
sensitive EIA (Vironostika-LS EIA, bioMérieux, France) to estimate the window periods of
adults with recent infection, found significant differences between patients with subtype B and
circulating recombinant form 1 (CRF01_AE).9 Comparing our results from Ho Chi Minh City,
where the dominant subtype is CRF01_AE,10, 11 with the much higher seroreversion rates
observed in previous studies from South Africa and Malawi, where subtype C predominate,4,
7 raises questions about when the EIA would be a reliable tool to rule-out infection in HIV-
exposed but uninfected Vietnamese infants.

With regards to what factors might influence seroreversion on an individual level, our analysis
found an association with increased height at 12 months. Height is preserved relative to weight
during periods of malnutrition, and takes longer to recover.12, 13 Higher height-for-age Z
scores may indicate stable growth and development over time, but the connection to HIV
antibody titers is unclear. There was some question of whether maternal protease inhibitor use
had an impact on delaying seroreversion, potentially through greater reductions in peripartum
viral load. Moreover, mothers who received protease inhibitors were more likely to have higher
CD4 counts and less advanced clinical disease. However, US and South African studies have
not shown an association between maternal antibody titers and false-positive infant antibody
testing.14,15 The kinetics of HIV antibody in an uninfected child are likely to be related to a
combination of maternal peripartum and early infant health factors.

Recent studies have demonstrated that rapid HIV tests of serum and oral fluid have lower
relative sensitivity in infants than adults, which is an advantage when used to rule-out disease.
15, 16 In Uganda, the Determine HIV 1/2 rapid test (Abbott, The Netherlands) had a negative
predictive value of 100% among 3–18 month olds, and a positive predictive value of 83%
among 9–12 month olds.17 A study of 9-month old infants in Kenya observed specificities of
90% with the Determine and 96% with the Bioline (Standard Diagnostics, Republic of Korea)
rapid test kits.18 In South Africa, the OraQuick Rapid HIV 1/2 Antibody test (Orasure
Technologies, Inc., United States) had a positive predictive value of 68% using an oral fluid
sample compared with 15% for a standard serum EIA test in a cohort of 11–18 month old
infants.15 However, there are no published data on the use of these assays in Asian infants.

Our study was limited by not including rapid tests in our algorithm. In addition, our study
population was composed of full-term infants who had stable access to nutritional supplements.
Because prematurity or malnutrition can affect waning of maternal antibody, our results may
not apply to preterm infants and those in more resource-limited areas. We also applied strict
criteria for categorizing non-negative EIA test results. In practice, laboratories may consider
samples close to the optical density threshold as indeterminate rather than positive. With
regards to our analysis, we were unable to include variables related to the mother’s HIV disease
(e.g., maternal viral load) to examine their potential association with prolonged time to
seroreversion.

Low-cost and easily accessible diagnostic tools are needed to identify infected children for
care and treatment, and provide reassurance to the families of the larger, uninfected proportion
of the HIV-exposed infant population. In our setting of low rates of breastfeeding,
indeterminate EIAs at these ages could be reliable evidence for waning maternal antibody and
lack of infant infection. However, our results show that we may need to shift expectations of
providers and policy-makers regarding HIV seroreversion by standard EIAs to reflect potential
cross-regional differences in their performance.
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Figure 1.
EIA testing algorithm for HIV-uninfected infants
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Figure 2.
EIA testing results by age at test
*Patients who were >20 months at their second EIA
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