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Low Concentrations of HIV-1
DNA at Birth Delays Diagnosis,
Complicating Identification of
Infants for Antiretroviral Therapy
to Potentially Prevent the
Establishment of Viral Reservoirs
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Among infants exposed to human immunodeficiency virus
type 1 (HIV-1), detection of viral infection at birth was
increased by 39% (95% confidence interval, 19%–47%) by in-
creasing DNA input from dried blood spots into polymerase
chain reaction. Infants with low concentrations of HIV-1 at
birth may be the best target population to evaluate whether
immediate antiretroviral therapy can prevent long-term
infection.
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The recent report of a human immunodeficiency virus type 1
(HIV-1)–infected infant who appears to have been cured of
HIV-1 following antiretroviral therapy (ART) initiated within
hours of birth has raised hopes for complete prevention of peri-
natal transmission of HIV-1 [1]. The “Mississippi baby” is hy-
pothesized to have been treated sufficiently early in the course
of infection that the virus had not yet established a long-lived
infectious reservoir in CD4+ T cells. Conceivably, ART prevent-
ed infection of additional cells, so that decay of infected cells
cured the infant.

For ART to prevent establishment of an active viral reservoir,
it most likely needs to be initiated very early in infection, as in

the Mississippi baby and similar cases among adults in the Vis-
conti cohort [2]. In the absence of antiretroviral prophylaxis, an
estimated 33% of all perinatal HIV-1 transmissions occur in the
late third trimester or during labor or delivery [3, 4]. In preg-
nancies without maternal ART prophylaxis, or where ART pro-
phylaxis has failed, infants infected during this time frame may
be ideal candidates for early ART, as used in the Mississippi
baby.

In the absence of maternal ART, infant infection can be di-
agnosed by testing plasma HIV-1 RNA. However, suppression
of HIV-1 replication by maternal ART requires infant diagnos-
tic testing that targets HIV-1 DNA. Dried blood spot (DBS)
testing collected on filter paper is used throughout the world
for infant diagnosis. The sensitivity of HIV-1 DNA detection
in DBS testing is variable, with false negatives due to low copies
of viral DNA, low blood volumes [5, 6], or inhibitors of poly-
merase chain reaction (PCR) [7]. Even highly sensitive assays
that test for both HIV-1 RNA and DNA have a lower sensitivity
at birth vs at 6 weeks of life [8].

We used sensitive methods to test a cohort of HIV-1–exposed
Mozambican infants at the time of birth to determine the prev-
alence of HIV-1 infections with low concentrations of viral
DNA that might be missed by routine diagnostic testing.
These infants are likely to have early infection, which could po-
tentially be cured with early, aggressive ART.

METHODS

Study Design
HIV-1–exposed Mozambican infants who received single-dose
nevirapine (sdNVP) prophylaxis were eligible to enroll in an
observational study of reservoirs of drug-resistant HIV-1 [9].
Clinical data and DBS samples collected at birth, 2, 4, 6, and
8 weeks of life were sent weekly via express mail to Seattle,
Washington, for HIV-1 diagnostic testing.

Collection and Testing of DBS Specimens for HIV-1 DNA
Whole blood was spotted on FTA classic filter paper cards
(Whatman Bioscience, Florham Park, New Jersey). Initial test-
ing was performed by nested PCR of the HIV-1 DNA pol region
using a single 3-mm diameter DBS punch [9–11],which, given a
DBS diameter of 25.4 mm and capacity for approximately 200 µL
of blood, contained approximately 3 µL of blood. One positive
test result was interpreted as “possible HIV-1 infection,” with di-
agnosis confirmed by testing a subsequent specimen, or, if un-
available, a separate aliquot of blood from the birth DBS sample.
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To assess the prevalence of HIV-1 infection at birth with
“low”HIV-1 DNA concentration, defined as below the sensitiv-
ity of our previous assay [9], a larger volume of the infant’s birth
DBS (20 punches, equivalent to 60 µL of whole blood) was test-
ed from those infants testing negative at birth, but positive by 8
weeks of life, or those lost to follow-up after 2 weeks of age. In-
fants testing negative for HIV-1 DNA at 4–8 weeks of age were
presumed to be HIV-1 uninfected at birth, and were not retest-
ed. PCR amplicons were sequenced to evaluate genetic linkage
between birth and later specimens (or second amplicon from
birth DBS) by phylogenetic analysis and exclude laboratory
contamination.

HIV-1 DNA Quantification
The HIV-1 DNA in infants’ specimens was quantified using a
real-time quantitative nested PCR (qPCR) of gag [9]. Three DBS
punches, totaling 9 µL of whole blood, were tested in triplicate
(1 DBS punch per reaction). The qPCR of the β-globin gene was
performed to calculate the number of nucleated cells submitted
to PCR [9], to derive the number of copies of HIV-1 DNA/106

cells. In addition, the proportion of positive HIV-1 pol DNA
PCR out of 20 reactions per specimen was used to roughly es-
timate the viral concentration. Given a median of 24 067 nucle-
ated cells per DBS punch, the sampling of 20 DBS punches
using a nested PCR sensitive to single-copy detection theoreti-
cally improved our limited of detection to approximately 2 cop-
ies of HIV-1 DNA/106 cells. Sequencing of the amplified HIV-1
DNA with phylogenetic linkage of each infant’s two amplicons
was required to define a HIV-1 DNA–positive DBS, as we ac-
knowledge false-positive assays could misdiagnose infants as
HIV-1 infected. The proportion of positive HIV-1 pol PCR
from each infant’s DBS was tabulated (number of positive
PCR/20 reactions/DBS).

RESULTS

A total of 849 HIV-1–exposed infants who received sdNVP pro-
phylaxis were enrolled between June 2005 and June 2008 and
had a blood sample collected at birth. In the initial test of a
single 3-µL aliquot, 47 of 849 infants (6%) tested positive for
HIV-1 DNA at birth. After retesting, 15 additional infants
were identified, for a total of 62 of 849 infants (7%). Across
the 412 infants’ DBSs retested using 20 punches in 20 separate
PCRs per DBS, a median of 20 (range, 1–20) was positive per
DBS. The range of nucleated cells measured by β-globin PCR
was 7533–94 700 per punch (median 24 067; interquartile
range, 14 600–33 167). The quantitative HIV-1 gag PCR yielded
DNA concentrations in birth specimens of <1–13 708 copies/106

cells (median, 276 copies/106 cells). Five of the 62 infants tested
negative by qPCR but had HIV-1 pol amplified in a median of 2
of 20 PCRs from birth DBS specimens (range, 1–20); in each case

the sequence was genetically linked to a separately amplified ali-
quot of birth DBS or to DBS collected between 2 and 8 weeks of
age; the infant’s HIV-1 with 20 positive per 20 PCRs had a mu-
tation in gag corresponding to the qPCR primer.

Among the infants who tested positive at birth, 27 (43%) had
no additional samples, 11 (18%) had 1 additional sample between
2 and 8 weeks, 10 (16%) had 2 samples, and 14 (22%) had 3 or 4
samples. In infants with follow-up samples at or after 4 weeks
(n = 29), the median HIV-1 DNA increased over time, from
450.8 copies/106 cells at birth to 6359.8 copies/106 cells at 8
weeks of life (P = .003 for Wilcoxon signed-rank test comparing
these values). The HIV-1 DNA load increased by >1 log10 copies/
106 cells in the majority of infants (16/29) between birth and 4–8
weeks of age (including 2 that increased between 2 and 3 log10,
and 2 that increased >3 log10; Figure 1).

The Mozambican standard of care for maternal ART to pre-
vent mother-to-child transmission of HIV-1 changed over the
course of the study: Prior to 2006, only sdNVP was recom-
mended for women with CD4 counts >350 cells/µL, and early
in 2006 zidovudine (ZDV) was also recommended, starting as
early as 32 weeks. Of the 849 women, 544 (64%) had informa-
tion collected about both sdNVP and ZDV use, whereas 305
(36%) only had data on receipt of sdNVP. The quantity of
HIV-1 DNA in the birth specimen did not differ according to
maternal antiretroviral regimen (Table 1). Among the 21 HIV-1
DNA–positive infants with maternal ZDV use data, the 2 babies
whose mothers received >7 days of ZDV had fewer positive
qualitative PCR reactions than those whose mothers had <7
days of treatment (median, 3 vs 18 days; P = .04), and both

Figure 1. Mean concentration (and standard deviation) of human immu-
nodeficiency virus type 1 (HIV-1) DNA in longitudinally collected samples
from the 29 HIV-1–infected infants with follow-up at or after 4 weeks, as
measured by gag real-time polymerase chain reaction.
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groups had low HIV-1 DNA values by qPCR (median, 120 vs
510 copies/106 cells; P = .15).

DISCUSSION

In our cohort of HIV-1–exposed sdNVP-treated Mozambican
infants, one-quarter of all infants ultimately found to be HIV-
1 infected before 8 weeks of age initially had a false-negative test
for HIV-1 DNA at birth. The negative results were likely due to
low viral load at the time of birth and testing only a small vol-
ume of blood. We suspect that if early ART can prevent the es-
tablishment of a CD4+ T-cell reservoir, that among infants,
those with low copy infection may be the best target population.
Whether a specific viral load threshold indicates an established
long-lived reservoir that is incurable by early ART is not known,
but is suggested in adults, where low Fiebig scores at ART ini-
tiation were associated with clearing or achieving low HIV-1
DNA loads and no to minimal production of HIV-1 RNA [12].

Previously, we reported that infants with lower HIV-1 DNA
loads at birth established infections with persistent NVP-
resistant variants more frequently than those with high DNA
loads [9]. The latter most likely had already established reservoirs
of wild-type viruses, suggesting that a long-lived cellular reser-
voir may be established in utero in a subset of infants, and we
suspect that these infants may not be curable by early ART.

As our data and others have shown, identifying infants with
low-copy HIV-1 infection at birth may be unreliable when test-
ing small amounts of blood for HIV-1 DNA [12]. Simply

adding DNA to commonly used assays could inhibit PCR.
Detection of low concentrations of HIV-1 DNA at birth may
be aided by multiple PCR assays, as performed in this study,
or automated by droplet digital PCR [13]. In cases without ma-
ternal use of ART prophylaxis, testing for HIV-1 RNA should
have greater sensitivity compared with testing for DNA [14].

We are limited in our analysis by the inability to determine
the precise timing of infection in these infants, by missing spec-
imens to determine the HIV-1 DNA trajectory over time in the
majority of infants, and by the uncertainty of determinants that
allow ART to prevent the establishment of long-lived reservoirs,
or cure, HIV-1 infection.

In conclusion, a significant proportion of perinatally infected
infants have low-copy HIV-1 infection at birth. These infants
represent the target population most likely to achieve functional
cure by immediate initiation of ART. Use of both sensitive as-
says and larger amounts of DNA should increase diagnosis of
infant HIV-1 infections at birth.
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Table 1. Comparison of Mother-to-Child HIV-1 Transmission Rates and Infants’ HIV-1 DNA Concentrations at Birth Between Different
Maternal Antiretroviral Treatment Conditions

Infants’ Characteristics and Outcomes

Maternal Antiretrovirals Administered for Infant HIV-1 Prophylaxis

No Data Collected on ZDV
Use (n = 305) Data Available on ZDV Use (n = 544)

No sdNVP sdNVP No ARV sdNVP sdNVP+ ZDV ZDVAlone

Infant HIV-1 uninfected, No. 76 202 123 289 79 18
Infant HIV-1 infected, No. 9 18 2 27 4 2

Transmission rate 11% 8% 2% 9% 5% 10%

HIV-1 DNA at birth, copies/106 cells,
median (IQR)

260 (43–454) 261 (40–1705) 73–241a 510 (110–2649) 158 (113–555) 638–1717a

No. (+) PCR of 20 total PCR reactions,
median (IQR)

18 (16–20) 19.5 (14–20) 8–18a 18 (12–20) 6 (3–12.5) 20–20a

P valueb (comparison of HIV-1 DNA load
with or without sdNVP)

.96 .88

P valueb (comparison of HIV-1 DNA load
with or without ZDV)

N/A .90

Abbreviations: ARV, antiretrovirals; HIV-1, human immunodeficiency virus type 1; IQR, interquartile range; PCR, polymerase chain reaction; sdNVP, single-dose
nevirapine; ZDV, zidovudine.
a Actual values.
b Using Wilcoxon rank-sum test.
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