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Evaluation of four commercial virological assays for early
infant HIV-1 diagnosis using dried blood specimens
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BACKGROUND: Early infant diagnosis (EID) of HIV-1 is nec-
essary to reduce HIV-related mortality. As maternal antibod-
ies transferred across the placenta may persist up to 18 mo,
commercial virological assays (CVAs) are needed. This study
compares four CVAs for EID using dried blood specimens (DBS)
from HIV-1-exposed infants.

METHODS: DBS from 68 infants born to HIV-T-infected
women were collected from November 2012 to December
2013 in Equatorial Guinea. Four CVAs were performed:
Siemens VERSANT HIV-1 RNA 1.0 kPCR assay, Roche CAP/CTM
Quantitative Test v2.0, CAP/CTM Qualitative Tests v1.0 and v2.0.
Definitive diagnosis was established following World Health
Organization (WHO) recommendations.

RESULTS: Two HIV-T-infected infants (2.9%) were detected
by the four CVAs while 49 (72%) resulted negative. Discordant
results were observed in 17 (25%) infants and HIV-1 infection
was excluded in 14 patients when virological and serological
testing was performed in additional DBS. Different false-posi-
tive rates HIV-1 were observed with Roche assays.
CONCLUSION: CVAs using DBS were useful for EID, although
discrepant results were common. Further research is required to
reduce false-positive results that could result in wrong diagnosis
and unneeded treatment. We propose caution with low viral load
(VL) values when using VL assays. Clear guidelines are required
for EID of HIV-exposed infants with discrepant virological results.

Perinatal transmission of HIV type 1 (HIV-1) leads to high
infant mortality. In resource-limited countries, about
35-52% of those HIV-infected infants without any therapeutic
intervention will die before the age of two (1). An early diagno-
sis of HIV-1 in infants (EID) born to HIV-1-infected mothers
is essential for starting antiretroviral therapy (ART) to reduce
HIV-related mortality and long-term morbidity (2). Great
efforts worldwide have been made in the last few years to scale
up prevention of mother-to-child transmission (PMTCT)
programs, and scheduled visits for clinical assessment of

HIV-1-exposed infants have been recommended from the first
weeks of life until 18 mo old.

HIV serological testing is generally used for HIV diagnosis
in adults and in nonbreastfed infants aged 18 mo and older (3).
However, it cannot be used to confirm HIV infection in younger
infants because maternal antibodies transferred across the
placenta may persist in the newborn up to 18 mo (4,5). Thus,
EID requires the virus detection. HIV commercial virological
assays (CVAs) detect the presence of HIV nucleic acids (pro-
viral DNA, viral RNA) or p24 viral antigen (5,6). Serological
testing is only recommended to identify the HIV-exposed
infants, since the absence of HIV antibodies in infants strongly
suggests the absence of HIV infection (5). The World Health
Organization (WHO) recommends serological testing in HIV-
exposed infants around 9 mo (at last immunization) to identify
infants with persisting HIV antibody or who have seroreverted.
HIV-seropositive infants need virological testing and continu-
ous follow-up. Those HIV-negative at 9 mo are assumed to be
uninfected, but require repeat testing at 18 mo of age and/or if
still breastfeeding 6 wk after cessation of breastfeeding (3). The
WHO encourages the use of serological assays to fast-track chil-
dren to a definitive diagnosis, particularly if they are sick (3).

The WHO recommends that, when CVAs are available, EID
in HIV-exposed infants requires a positive virological assay
in a first sample collected around birth or at the first postna-
tal visit (4-6wk) confirmed by a second virological test per-
formed on a separate specimen (3,5). Never breastfed infants
with a negative first virological test in samples collected from
4-6wk of life are considered as uninfected (3). If the first CVA
is positive, then the infant is very likely to be infected and first-
line ART should be administered immediately. If the CVA in
the new specimen is also positive, then the infant is considered
HIV-infected (3).

CVAs must have a sensitivity of at least 95% (ideally >98%),
and a specificity 298% (7). CVAs in settings of expanded cov-
erage of maternal ART and infant prophylaxis should increase
their sensitivity (3). Nonetheless, to date, no specific gold
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standard CVA has been mentioned in any of the WHO guide-
lines (3,5-7).

The qualitative Roche HIV-1 DNA Amplicor assay has been
extensively used for EID and has been considered as the gold
standard assay (8), although it has been phased out when new
assays have been tested for EID of HIV-1 (9,10).

Dried blood spots (DBS) collected onto filter paper represent
an alternative to whole blood or plasma with comparable per-
formance for EID (11,12). Since DBS are less infective, easier
to collect, store, and transport, the WHO has recommended
their use to improve access to virological testing (5), including
EID (3,5,7,12-16), HIV infection monitoring (17), and viro-
logical failure detection when viral loads (VLs) are higher than
1,000 copies HIV-1 RNA/ml (cp/ml) (18).

The use of HIV DNA PCR on DBS is more frequent than
HIV RNA for EID (3). However, not all assays and protocols
perform equally (11,19). Our goal was to compare the perfor-
mance of four CVAs for EID in the same DBS panel of HIV-1-
exposed infants.

RESULTS

Among the 72 screened infants born to HIV-infected moth-
ers in Equatorial Guinea (GQ), 68 met the inclusion criteria
for the study. Three infants were excluded due to the lack of
a paired sample from their mothers and 1 infant died before
EID. The median age of the mothers was 22 y (IQR: 19-35) and
88.4% were in WHO HIV stage 1. Twenty (29.4%) received
ZDV prophylaxis during pregnancy and 28 (41.2%) received
highly active ART (HAART). All the 68 mothers were rec-
ommended to keep the follow-up visits until the infants were
18 mo of age. The flow chart of visits in the study cohort is
summarized in Figure 1.

All the 68 infants under analysis were nonbreastfed, 60
(88.2%) were born by vaginal delivery and 36 (52.9%) were
female. None had received first-line ART before sampling
time, although 46 (67.6%) had postnatal prophylaxis experi-
ence with ZDV and 10 (14.7%) had also received nevirapine.
The mean age at first DBS collection was 2.4 mo (IQR: 1.2-4.9).

In this study, four CVAs were performed in the same speci-
men to diagnose the 68 infants in the first collected DBS,
except for Roche-dx-v2, where 11 samples could not be tested
by this assay due to the scarce sample volume (Table 1). HIV-1
was not detected in 49 (72%) infants by any of the virological
assays. Only 3 CVAs were available for EID in 3 patients, while
the remaining 46 infants were tested by the 4 assays.

The four CVAs were positive for the first DBS in two (2.9%)
HIV-1-exposed infants (P1 and P2) using the four CVAs and
presented a high viremia (>5 log). These infants started treat-
ment in GQ when the first result was reported following the
WHO recommendation. A second specimen was obtained just
before treatment to confirm the infection, and they continued
the clinical follow-up for ART monitoring. HIV-1 was con-
firmed by serological testing in GQ after 18 mo.

Both infants were infected by the same variant as their
mothers (CRF02_AG and subtype C), ruling out contamina-
tion among positive DBS. P1 was born by vaginal delivery of
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Figure 1. Flow chart of attendance in clinical care centers accord-

ing to GQ PMTCT Program. SThese two patients dropped out from the
HIV-exposed program when they started on antiretroviral treatment. fA
patient was considered as noninfected when two negative rapid serologi-
cal results (Determine HIV 1/2 test) in different samples were obtained.
Although the 68 children were enrolled in the in the PMTCT program
before the age of 3 mo, in 15 cases DBS were collected after the age of 3
mo. Visits before 3 mo are not shown. DBS, dried blood specimens; LTFU,
loss to follow-up; PMTCT, prevention of mother-to-child transmission.

a mother who received prophylaxis with ZDV in week 28 of
pregnancy. P1 received postnatal ZDV prophylaxis for 4 wk.
P2 was born by cesarean section of a mother who received
prophylaxis with ZDV in the third trimester of pregnancy. P2
received postnatal ZDV prophylaxis for 1 wk. HAART was ini-
tiated immediately after the first positive diagnosis. The four
CVA results remained positive in the second DBS collected in
both infants (Figure 2).

However, in 17 (25%) of 68 infants, we observed discor-
dant results between CVAs when using the first DBS, where
HIV-1 was only detected by some molecular assays, providing
a median VL of 502.5 HIV-1-RNA cp/ml (IQR: 400-671.75)
(Figure 2). HIV-1 was detected by only 1 CVA in 15 of them
and by 2 CVAs in 2 infants in the first specimen and was nega-
tive in the remaining used CVAs. Among these 17 infants, the
first collected sample could not be tested by the Roche-dx-V2
in 8 cases because of the lack of sample. As WHO guidelines do
not mention any specific gold standard CVA for EID of HIV-
exposed infants and how to proceed when discrepant virologi-
cal results are obtained, we decided to ask clinicians in GQ for
new specimens to repeat virological testing to clarify the HIV
status in these 17 infants (Figure 2). In 14 infants, a second
DBS was collected 2.6-14 mo after the first sample collection.
The other three infants were lost to clinical follow-up.

In 10 of these 14 infants with available longitudinal DBS,
those specific CVAs that had provided positive results in the
first specimen resulted negative in the second collected DBS
(Figure 2). In two infants (P5 and P14), the second DBS
remained positive by the specific assay (Roche VL-v2) but
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Figure 2. Positive and discrepant results of HIV-1 molecular and serological diagnostic tests in the study population. HIV-1 infant diagnosis in longitudi-
nal DBS from 2 positive infants and 17 showing discrepant results using CVAs and serological assays. Color code: red, HIV-1 positive; green; not detected
HIV-1; yellow, invalid result; orange; indeterminate result. 'Serological testing performed in Madrid using DBS. ?Definitive HIV-1 diagnosis reported by
clinicians in GQ using rapid serological assays in blood according to GQ guidelines. DBS, dried blood specimens.

resulted negative in one or two new longitudinal DBS. This
assay could not be performed in one infant because of the lack
of sample.

Following the national guidelines (20), 13 (76.5%) of the 17
patients with discrepant results were finally diagnosed in GQ
as non-HIV-infected during follow-up based on two nega-
tive results of rapid serological testing. Four patients (P13,
P17, P18, P19) were lost to follow-up before HIV status was
confirmed (Figure 2). Thus, despite the negative results were
obtained using most of the CVAs in the available specimens
from these four infants, clinicians could not provide the final
infant diagnosis to mothers as they did not attend clinical visits
for rapid serological testing at 18 mo old.

When we performed serological testing using ELISA and
western blot on the last available DBS collected from 4-14 mo
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after birth, we confirmed the absence of anti-HIV antibodies
or seroreversion in 12 of these 17 infants. In one case (P15), the
serological status was undetermined despite all CVAs being
negative in longitudinal DBS. In the remaining four infants
(P13, P17, P18, P19), the DBS collected close to birth showed a
positive result (Figure 2). The results from CVAs were given to
the clinicians in GQ when they were generated and clinicians
reported the final infant diagnosis to the mothers.

Only 39, 19, 12, and 9 of the 68 infants of the study cohort
attended the 6, 9, 12, and 18 mo follow-up visits, respectively
(Figure 1). Only 26 infants completed the follow-up until rapid
serological testing in GQ could confirm (2 infants, P1 and P2)
or rule out (24 infants) the HIV infection. These 24 uninfected
infants included 11 of these 49 HIV-exposed infants with all
negative CVAs and 13 of the 17 infants showing discrepant
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Table 1. Results of HIV-1 molecular diagnosis tests in the first DBS of
the study population

Quantitative assays Qualitative assays

kPCR  Roche-VL-v2  Roche-dx-v1 Roche-dx-v2
Number of 68 68 68 57
patients
Not done 0 0 0 11°
Positive 2(3%) 10 (15%) 11 (16%) 4 (7%)
Negative 66 (97%) 58 (85%) 57 (84%) 51 (90%)
Invalid 0 0 0 2(3.5%)
False-positive 0 11.8% 13.2% 3.5%
rate

DBS, dried blood specimens; IN, Integrase; LTR, Long terminal repeat.
°Eleven specimens were not available to perform this assay.

Table 2. Characteristics of quantitative and qualitative real-time based
commercial virological assays in DBS

Quantitative assays Qualitative assays

Roche- Roche-
kPCR Roche-VL-v2  dx-v1 dx-v2
Company Siemens Roche Roche Roche
Viral targets IN Gag +LTR Gag Gag+LTR
Plasma LOD (1.1 ml) 37 cp/ml <20cp/ml  530cp/ml <20 cp/ml

DBSLOD (1spot)  8662-894° cp/ml 400 cp/ml 1,090 cp/ml <300 cp/mll

Approved for EID No Yes No Yes
using plasma

Approved for EID No No No Yes
using DBS

DBS, dried blood specimens; IN, Integrase; LTR, Long terminal repeat; LOD, Limit of
detection. All the assays performed a silica-based extraction method.
**LOD in DBS according to Kleshik 2013 (25) and Alvarez 2014 (26), respectively.

molecular results. These 24 uninfected infants stopped the
clinical visits. Thirty (44%) of the 68 infants had rapid serologi-
cal HIV testing at month 9 in GQ. Among them, 14/30 (46.7%)
cases resulted seronegative (Figure 1) and 16/30 (53.3%) cases
were seropositive.

In our study cohort, no false-negative molecular results were
found by any technique. However, considering the first col-
lected DBS, false-positive results among the performed assays
for each test were observed in eight (11.8%) infants using
VL-v2, in nine (13.2%) infants using dx-vl and two (3.5%)
infants when using dx-v2 Roche assays, but none using kPCR
(Table 1 and Figure 2). False-positive diagnosis reported by
Roche VL v2.0 provided viraemia values ranging from 400 to
2,270 cp/ml (Figure 2).

DISCUSSION

Despite the scaling up of PMTCT programs, 220,000 infants
were newly infected worldwide with HIV in 2014. In GQ,
2,100 HIV-1 infections have been estimated in children <14y
old. Many HIV-exposed infants do not benefit from PMTCT

Copyright © 2017 International Pediatric Research Foundation, Inc.

programs because of unacceptable rates of loss to follow-up,
mainly in low resource countries (21). The high rate of loss to
follow-up found in our study is in agreement with previous
reports (22). It highlights the need of improving patient reten-
tion during the PMTCT program in the country. The availabil-
ity of point-of-care tests for EID could solve this problem by
reducing the time for results (23).

WHO considers as uninfected never breastfed infants with a
negative first virological test in samples collected from 4-6 wk
of life. However, the use of CVAs is nonexistent in GQ, and
only serological testing using rapid assays is included in the
national guidelines (20). Consequently, clinicians confirmed
the absence of HIV-1 infection in infants with negative results
by the four CVAs using rapid serological testing in two different
specimens from infants older than 6 mo. Rapid tests exclude
HIV-1 infection and present good agreement to nucleic acid
amplification tests (24).

Our study is the first one comparing the performance of
four CVAs for EID in the same DBS panel of HIV-1-exposed
infants, and the first using kPCR for EID in DBS, a technique
previously used for VL quantification in adults (25,26) and for
the evaluation of PMTCT programs (27). Moreover, we pres-
ent new data about the performance of Roche-dx-v2 for EID
using DBS, which is the only test approved for this purpose
(Table 2).

A low rate of false positive and negative diagnoses should
be expected when using CVAs for EID, and they are affected
by HIV-1 vertical transmission rate. As mother-to-child trans-
mission and the prevalence of HIV infection among HIV-
exposed infants decreases, the number of false-positive results
using CVAs will increase and the positive predicted value will
decrease if the test specificity is not 100% (28,29). Thus, as the
incidence of perinatal HIV infection decreases, the number of
false-positive HIV tests increases.

Our study shows that the false-positive rate in the same DBS
panel also depends on specific CVAs, ranging from 0-13%
when testing our study cohort with a 2.9% (2/68) HIV-1 verti-
cal transmission rate. Interestingly, none of the false-positive
results were confirmed with the same CVA in the last DBS
specimen, when available. This strongly suggests a false-pos-
itive result in the first specimen, despite having shown a DBS
VL from 400-2,270 cp/ml when Roche-VL-v2 was assessed.
Since we found low VL (<550 cp/ml) in 7/10 false-positive VL
results using Roche-VL-v2, we propose caution when quanti-
tative assays provide low VLs for EID when using DBS.

Quantitative Roche-VL-v2 has shown limitations during
the screening of virological failure to ART with DBS (carrying
viral RNA and both proviral and unintegrated DNA), provid-
ing a higher viral load than in plasma (30). It is probably due
to the presence of HIV-1 DNA interferes with the reliability
of HIV-1 RNA quantification performed on DBS (31). A pre-
vious study showed higher sensitivity, lower specificity, and
higher viraemia values during VL quantification using Roche-
VL-v2 vs. kPCR in the same DBS panel (32). In our study,
three false-positive VLs higher than 1,000 cp/ml provided by
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Roche-VL-v2 in infants P5, P6, and P8 were not detected by
kPCR, despite the limit of detection for the last assay in DBS
being lower (around 900 cp/ml) (25,26).

Indeterminate results during EID using CVAs are a sig-
nificant challenge for HIV diagnostic services. False-positive
results by CVAs were previously reported in other African
countries (29,33-39). In South Africa, 40 (5.6%) of 718 infants
who initially tested HIV positive using Amplicor HIV-1 DNA
v1.5 Test or Roche-dx-v1 were not infected after using sero-
logical testing in confirmatory specimens (28). In Zambia,
false-positive results using CVA were also reported in two
infants (29). In the Kenyan EID Program, indeterminate
results were more often negative than positive (35). False-
positive results were provided in 3 (1.8%) of 166 uninfected
infants using Roche-dx-v1 and 6 infants who were apparently
positive resulted HIV negative later in time (35). Roche-dx-v1
showed a high rate of irreproducible positive results (25%)
for the EID program in South Africa (33). The false-positive
samples obtained by the Roche-dx-v1 assay tended to have a
flat amplification slope and a high CT value, which together
indicate a nonspecific signal (33,36). Another report specu-
lated that spurious signals caused by artifacts during real-time
PCR could explain the increased frequency of detectable levels
using a quantitative CVA (39).

Although WHO 2010 and 2014 guidelines for EID recom-
mend resolving disagreement between an initial positive result
and a negative confirmatory CVA with further testing using an
HIV DNA assay (3,5), the WHO does not provide recommen-
dations for the management of HIV-1-exposed infants with
discrepant results (3,5-7).

The available assays for EID must be further improved to
provide ideally 100% sensitivity and specificity. However, the
reported specificity and sensitivity of each CVA depends on
the specimen type and the considered gold standard CVA for
molecular diagnosis (11,34,37), which is not clarified in the
WHO guidelines. In quantitative CVA, sensitivity and specific-
ity can also vary depending on the viral load threshold consid-
ered. Most studies do not consider as gold standard the definitive
diagnosis after 18 mo old before providing sensitivities and
specificities of CVAs for EID. Moreover, values can be affected
by the infant age and by inappropriate handling of specimens,
contamination, or inadequate quality control at the laboratory
(37,40). In our study, we ruled out that false-positive results
could be associated with contamination during DBS collection
and processing, as different dots from the same DBS card were
used for all the CVAs. Moreover, procedures were performed
by experienced, well-trained, and supervised personnel in GQ
and Spain. Virological testing was carried out directly by the
product specialists of Roche and Siemens in Madrid.

In our study, we considered as definitive diagnosis that pro-
vided by clinicians after serological confirmation as GQ guide-
lines recommend, and not that provided by any specific CVA
as most studies do. However, as current WHO guidelines rec-
ommend starting ART immediately after a first positive molec-
ular test, clinicians in GQ decided to start ART in those infants
with HIV-1 positive results by all tested CVAs. However, if we
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had used only the CVA providing a positive result in the first
specimen, more uninfected than infected infants would have
been started on ART in this study. Some infants would have
even been confirmed positive on a second sample with Roche-
VL-v2 and Roche-dx-v1, which is quite disturbing considering
that in most settings the specimen is tested only with one avail-
able CVA. When molecular testing is performed at national or
regional level, a substantial number of HIV-uninfected chil-
dren could be misdiagnosed, starting antiretroviral therapy
until confirming the diagnosis.

Newborns molecular diagnosis can also present several
problems leading to false-negative results. First, CVAs have
different characteristics when using DBS related to input
blood volume, nucleic acids extraction method, and limit of
detection, affecting their sensitivity when VL is low (11,13).
Moreover, CVA sensitivity depends on VL, which will be lower
in infants receiving prolonged antiviral prophylaxis or ART in
early infancy (41), or when viral genome integrity is affected
by long storage or inappropriate temperature. These circum-
stances can delay the time in detecting HIV DNA and/or RNA
or antibodies in the infants, leading to missed diagnosis among
infected infants (3,41).

Second, the rate of positivity by CVAs can be low when diag-
nosing peripartum infections because small amounts of viral
replication taking place at birth in utero are sometimes below
the limit of detection of CVAs (42). Third, viral variability can
also affect the HIV-1 amplification success leading to false-
negative results (43), although in our study the four CVAs
detected the non-B HIV specimens in the two infected infants.

We did not find any false-negative result in the study cohort.
DBS were well cryopreserved until testing, the four used CVAs
amplified both proviral DNA/viral RNA, detecting three
different HIV-1 targets (LTR, gag, integrase). None of the
infants had received prolonged ART before sampling time.
Prophylaxis and first ART exposure in the two infected infants
did not affect the HIV detection in the first and longitudinal
DBS showing high VL, maybe due to the short time of prophy-
laxis and scarce time between the first prescribed ART and the
confirmatory sample collection.

Our study presents several limitations. Unfortunately, we
could not compare sensitivity and specificity of each CVA
due to the limited number of available specimens. It was
also impossible to collect new samples from all infants with
discrepant CVAs results due to lost to follow-up. Moreover,
although the WHO EID algorithm considers as uninfected
those infants showing a negative CVA at first sample collected
around 4-6 wk of age if never breastfed (3), it would be better
to improve EID retention at 9 and 18 mo, which was not pos-
sible in most patients.

In conclusion, CVAs using DBS were useful for EID in
resource-limited settings. However, it is crucial to increase
the specificity of CVAs to reduce false-positive results, which
might result in wrong diagnosis, unneeded antiretroviral treat-
ment and erroneous estimation of the HIV-1 vertical transmis-
sion rate, which is essential for PMTCT programs evaluation.
Our study does not try to point out any CVA as gold standard
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assay but only to show that some CVAs previously assumed
to be highly reliable could provide false-positive results dur-
ing EID, as the false-positive rate is assay dependent. It rein-
forces the need for more studies comparing different available
CVAs in the same sample panel. Clear guidelines are needed
for management of HIV-exposed infants with discrepant viro-
logical results to improve EID.

METHODS

Study Population and Selection Criteria

Great efforts have been made in the last few years in GQ to scale up
the PMTCT program. The National PMTCT Program in GQ rec-
ommended visits for clinical assessment of HIV-1-exposed infants
scheduled from the first weeks of life until 18 mo old and HIV infant
diagnosis was based on serological testing. Thus, the routine clini-
cal visits included general clinical follow-up and anti-HIV antibodies
testing of all HIV-exposed infants born to HIV-infected women, since
EID was not still implemented in the country. In our study, HIV-1-
infected mothers and their 68 infants were consecutively assessed and
enrolled from November 2012 to December 2013 to participate within
this National PMTCT program conducted at the Hospital Regional de
Bata and Maria Rafols Primary Health Care Center in Bata, GQ (20).
The study design was considered to following the recommended clin-
ical visits schedule for HIV-exposed infants in the National Program.
All samples were collected during routine clinical visits.

All adult participants gave written informed consent and the study
was approved by human subjects review committees at the Hospital
Regional de Bata and Hospital Universitario de Getafe, Madrid,
Spain. The infants who died during the study period before diagnosis
of HIV-infection or whose mother’s paired sample did not arrive at
the laboratory were excluded.

PMTCT Guidelines in GQ

National guidelines for the PMTCT program in GQ recommended
in 2012 that all HIV-infected pregnant women should receive pro-
phylaxis with zidovudine (ZDV) or highly active ART depending on
their CD4 count and WHO clinical stage (WHO Option A) (20). In
GQ, ZDV was recommended for 1 to 4wk after birth in nonbreast-
fed infants, and nevirapine for those infants whose mother had not
received ART for more than 4 wk during pregnancy.

Since molecular testing is not available in the country, clinicians
reported the final infant diagnosis to mothers following GQ guidelines
(20). HIV infection was ruled out in nonbreastfed infants when two
negative rapid serological results (Determine HIV 1/2 Test, Abbott
Diagnostic Division, Hoofddorp, The Netherlands) were obtained in
different samples at 6 mo and older. An infant was considered as HIV-
infected when three rapid tests were positive at 18 mo: Determine,
Uni-Gold Recombigen HIV-1/2 (Trinity Biotech, Bray, Co. Wicklow,
Ireland) and Hexagon (Human Diagnostic, Wiesbaden, Germany).

Sample Collection

Infant DBS samples were collected by spotting two drops of blood
from heel-pricks into each dot on a Whatman 903 Protein Saver Card
(Schleicher & Schuell, Dassel, Germany). These dots, when saturated,
are estimated to hold about 70 pl of blood. Two cards were collected
for each infant, except in three cases where only 1 DBS card could be
taken. Longitudinal DBS were collected to confirm results in infants
with at least one positive result by one CVA. Timing between DBS
collection and testing was 1-3 mo.

DBS cards were dried separately on a drying-rack overnight at
room temperature in the hospital. Cards were sealed in a zip-lock
plastic bag with desiccant bags and transported in dried ice to main-
tain nucleic acid integrity. They were stored at —80 °C until use. DBS
for virological testing thereafter require long-term storage at —20 °C
or lower.

Laboratory Testing
Laboratory testing was performed in the HIV-1 Molecular
Epidemiology Laboratory (Hospital Universitario Ramon y Cajal,

Copyright © 2017 International Pediatric Research Foundation, Inc.

Madrid, Spain). Four CVAs were performed in Madrid using a full
spot for each assay: Roche CAP/CTM Qualitative Tests v1.0 (Roche-
dx-vl) and v2.0 (Roche-dx-v2), Roche CAP/CTM Quantitative
Test v2.0 (Roche-VL-v2) and Siemens VERSANT HIV-1 RNA v1.0
(kPCR) quantitative assay (25,26). Characteristics of the four assays
are described in Table 2. All the assays, except Roche-dx-v2, were
considered only for HIV-1 diagnosis research use (RUO test) using
DBS (Table 2). To guarantee the perfect performance of each tech-
nique in the present study, all CVAs were performed in all specimens
with the assistance of the Product Specialist for the corresponding
molecular assay (Roche and Siemens) in Madrid, Spain, using the
specific automatic platforms.

Roche CAP/CTM Qualitative Tests v1.0 and v2.0 and Quantitative
Testv2.0

The COBAS AmpliPrep/COBAS TaqMan (CAP/CTM) HIV-1
Qualitative Test (Roche Diagnostics, Barcelona, Spain) is a real-time
PCR assay that simultaneously amplifies both HIV-1 proviral DNA
and RNA. For each assay, one spot was incubated with 1.1ml of
Roche Specimen Pre-Extraction Reagent at 56 °C with gentle shak-
ing (1,000 rpm) for 10 min. Then, the elution was assayed for HIV-1
nucleic acids detection using the automatic Roche CAP/CTM System.
The CAP/CTM HIV-1 Test v2.0 (Roche-VL-v2) is a VL assay whose
software automatically corrects the hematocrit value to estimate the
corrected DBS VL. The same specimen processing protocol was car-
ried out for both qualitative and quantitative Roche assays.

Siemens VERSANT HIV-1 RNA v1.0 (kPCR) Quantitative Assay

The VERSANT HIV-1 RNA 1.0 (kPCR) assay (Siemens Healthcare
Diagnostics, Tarrytown, NY) is an automated VL quantification assay
based on real-time PCR. One spot was incubated for 30 min at room
temperature with gentle rotation in 2 ml of Siemens DBS-specific lysis
buffer including guanidine thiocyanate (not available for sale). Then,
1.1ml of the supernatant was processed for automated nucleic acid
extraction. Amplification software and settings of the kPCR assay
were used without modification, as previously published (26). As the
hematocrit percentage was unknown in each infant, we assumed a
mean value of 33%, as recently reported (26).

Reference Standard for HIV-1 Diagnosis

We followed the WHO guidelines for EID, as previously described
(3), although using four CVAs instead of one. We reported as HIV-
infected those infants with a positive result in all four CVAs in two
separate DBS specimens, although any CVA was considered as gold
standard, according to the WHO guidelines (3,5-7). We considered as
uninfected all never breastfed infants with a negative result in all four
CVAs in the first DBS collected at 4-6 wk of age.

In those infants showing discrepant results in the same first speci-
men, at least three CVAs were reperformed in newly collected DBS.
Further information was also assessed by serological tests performed
on the last available DBS collected in the last postnatal visit to iden-
tify those infants who had seroreverted (3). In our study, serorever-
sion was defined by a HIV-negative ELISA test (Architect System,
Abbott Diagnostics, Madrid, Spain) eluting one dot for 1h at room
temperature in 700 ul of NucliSENS elution buffer (BioMérieux,
Marcy 1 Etoile, France) and a negative western blot (New Lav Blot
I, Bio-Rad, Hercules, CA) used as confirmatory test. The absence of
HIV-1 infection in infants with negative results by all CVAs was con-
firmed in GQ using Determine HIV 1/2 Test in two different speci-
mens from infants older than 9 mo.

To determine the definitive diagnosis, all the results from virologi-
cal and serological assays in each patient, including those performed
in longitudinal specimens, were analyzed and discussed with the cli-
nicians involved in the study to consider whether the patient’s clinical
status supported the diagnostic decision.

HIV-1 Subtyping and Drug Resistance Testing

DBS samples from the mothers were also collected to confirm the
coincidence of HIV-1 infecting variant characterized by phylogenetic
analysis in HIV-1-positive infants and their mothers, and to identify
possible drug-resistant variants transmission as previously reported
(44,45).
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Statistical Analysis

We calculated the median and the interquartile ranges for mothers’
and infants’ age and viral load. All the statistical analysis was con-
ducted using SPSS 13.0 (Chicago, IL).
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