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A voluntary, cost-free external quality assessment (EQA) program established by the U.S. Centers for Disease Control and Prevention (CDC) was implemented to primarily monitor the performance of laboratories conducting HIV Early Infant Diagnosis
(EID) from dried blood spots (DBS) in low- to middle-income countries since 2006. Ten blind DBS proficiency test (PT) specimens and 100 known HIV-positive and -negative DBS specimens (to be used as internal controls) were shipped triannually to
participating laboratories with reports for the PT specimens due within 30 days. The participant’s results and a summary of the
performance of all participating laboratories and each diagnostic method were provided after each test cycle. Enrollment in the
CDC PT program expanded progressively from 17 laboratories from 11 countries in 2006 to include 136 laboratories from 41
countries at the end of 2012. Despite external pressures to test and treat more children while expanding EID programs, mean PT
test scores significantly improved over time as demonstrated by the upward trend from mid-2006 to the end of 2012 (P ⴝ 0.001)
and the increase in the percentage of laboratories scoring 100% (P ⴝ 0.003). The mean test scores plateaued over the past 10 testing cycles, ranging between 98.2% and 99.7%, and discordant test results still occur but at a rate of no higher than 2.6%. Analysis
of these test results suggests a positive impact of proficiency testing on the testing performance of the participating laboratories,
and a continuous training program and proficiency testing participation may translate into laboratories improving their testing
accuracy.

W

orldwide, children account for nearly 1 in 5 of all HIVrelated deaths and 1 in 6 of new HIV infections each year.
More than 90% of the annual 400,000 pediatric HIV infections
globally are acquired vertically through mother-to-child transmission (1), and most of them occur in sub-Saharan Africa. Early
infant diagnosis (EID) can remarkably impact an infant’s survival.
If the exposed child receives early diagnosis and is referred to and
initiates proper treatment, then early mortality and morbidity can
be greatly reduced (2, 3).
Routine HIV diagnostic testing such as highly accurate rapid
tests and enzyme immunoassays that are designed for older children and adults do not meet the needs of infants and young children (⬍18 months of age) because infants of HIV-positive mothers acquire antibody transplacentally and young infants test
antibody positive regardless of their HIV infection status, which
can persist in the child for up to 18 months after birth. However,
routine testing for HIV antibodies in infants can be used to screen
for HIV exposure before the age of 18 months and is highly informative after 9 months of age in resource-limited settings (RLS)
when it is an integral part of national testing algorithms (4). Virologic assays, including HIV-1 DNA or RNA assays, represent the
gold standard for detecting HIV-1 DNA/RNA in human whole
blood and presumptively diagnosing HIV infection in infants and
children younger than 18 months of age. With such testing, the
diagnosis of HIV-1 can be established within the first several weeks
of life. The World Health Organization (WHO) strongly recommends that virologic testing be performed at 4 to 6 weeks of age or
as early as possible thereafter and at 6 weeks after weaning (4, 5). In
developed countries, HIV DNA or RNA PCR is repeated for confirmation. However, in RLS, despite the WHO recommendation
to collect a second dried blood spot (DBS) for confirmatory test-
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ing, often only a single HIV DNA PCR is performed due to the loss
to follow-up and long testing turnaround time (TAT). This reinforces the need for ensuring the quality of PCR testing.
For settings that lack adequate infrastructure for processing
whole blood and cold-chain transportation, the DBS offers many
advantages. The DBS is a reliable source of analyte, which increases access to testing by its ease of collection via heel prick or
finger stick, the lack of need for cold-chain transportation, ease of
transport from remote areas to more centralized locations for testing, elimination of biological hazard concerns, and stability for
long periods of time at ambient temperature (6–11). Collection of
the DBS has facilitated the detection of HIV-1 in infants as early as
at birth and at 4 to 6 weeks after birth (12–17).
The surge in funding from the U.S. President’s Global Health
Initiative and the President’s Emergency Plan For AIDS Relief
(PEPFAR), The Global Fund to Fight AIDS, Tuberculosis and
Malaria, World Bank, Clinton Health Access Initiative, and other
major donors and initiatives has allowed the rapid expansion of
EID testing to areas in sub-Saharan Africa and other regions of the
world previously unable to perform EID testing. To ensure the
accuracy of EID of HIV, external quality assessment (EQA) is
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essential. A major component of a laboratory’s quality assurance
program is proficiency testing (PT). PT has been shown to improve the quality of testing for various human diseases and analytes (18–29). In response to the need for a PT program, the CDC
initiated a voluntary HIV-1 DNA DBS PT Program in 2006 that is
primarily designed for laboratories receiving PEPFAR funds for
HIV-related activities in RLS but that also includes non-PEPFARfunded facilities.
(i) Participation in the EQA Program. Laboratory facilities conducting
HIV-1 EID using DBS with PEPFAR support were informed of the PT
program and encouraged to participate. Originally, 15 countries participated as soon as they developed DNA PCR EID testing capacity. The
identities of the participating laboratories were kept confidential. As the
PT Program expanded, all PEPFAR-supported and other non-PEPFARsupported countries were encouraged to enroll and participate.
(ii) Preparation of HIV-1 DNA DBS PT Panel. The DBS panel consisted of 10 blind DBS specimens: a combination of HIV-1-positive DBSs
and HIV-1-negative DBSs. These positive DBS samples were prepared by
spiking negative EDTA–anticoagulated whole-blood samples (Tennessee
Blood Services, Memphis, TN) with known numbers of 8E5 cells, which
contain a single integrated defective copy of the HIV-1 proviral DNA per
cell (30). Freshly grown 8E5 cells were counted using a hemocytometer
and diluted to three concentrations (10,000, 5,000, or 1,250 cells/ml) in
whole blood. DBS cards were prepared by transferring 100 l of HIVnegative whole blood or HIV-1-spiked whole blood to Whatman 903 filter
cards (Whatman, Piscataway, NJ). The HIV-positive and HIV-negative
DBS cards were prepared in separate processing rooms, dried overnight at
room temperature in racks and wrapped in glassine paper, and stored in
liquid-tight plastic sealable storage bags (10 per bag) (Fisher, Waltham,
MA) with desiccant sachets (Multisorb Technologies, Buffalo, NY) and a
humidity indicator card (Multisorb Technologies, Buffalo, NY) at ⫺20°C.
(a) Coding of PT panel. Every testing cycle included a DBS panel that
contained 10 blind DBSs with at least five HIV-positive specimens with
different HIV copy numbers. The coding for each panel was randomized
and thus different from run to run.
(b) Preparation of PT panel: 6-mm-diameter disc. Two PT panels
were prepared, a 6-mm-diameter disc and a whole-card panel. Most facilities performing HIV-1 EID used a Roche Amplicor HIV-1 DNA Test,
v1.5 (Roche Diagnostics, Indianapolis, IN), with a modification in the
nucleic acid extraction step designed for a 6-mm-diameter disc excised
from a DBS card. In the Atlanta CDC facility, the 6-mm-diameter discs
were excised from the validated DBS cards using a BSD-600 Duet instrument (BSD Robotics, Brisbane, Australia) and placed inside 2-ml cryovial
tubes labeled with the appropriate panel and specimen identifier. Each PT
package included the following 4 items: (i) a liquid-tight specimen storage
bag with desiccant sachets and humidity indicator card and 10 2-ml cryovial tubes each containing a DBS disc (the blind panel), (ii) 100 labeled
HIV-positive and HIV-negative DBSs to be used as internal quality control specimens for all subsequent DNA PCR testing, (iii) testing and reporting instructions, and (iv) a test reporting form.
(c) Preparation of PT panel: 13-mm-diameter disc. Facilities using a
Roche Cobas Ampliprep/TaqMan system (Roche Diagnostics, Indianapolis, IN) for extraction and detection or a Roche MagNA Pure LightCycler
(LC) system (Roche Diagnostics, Indianapolis, IN) for nucleic acid extraction requested a full 100-l DBS (13-mm-diameter disc) specimen for
testing according to their standard operating procedures. The DBSs were
excised using scissors and placed inside appropriately labeled 15-ml Falcon tubes (Becton, Dickinson Biosciences, San Jose, CA). The PT package
included the same 4 items as described above except for the inclusion of
13-mm-diameter discs.
(iii) Panel validation of DBS cards prior to the testing cycle. The
validity and integrity of the DBS PT were tested before panel assembly and
again prior to shipment. Initially, the DBS PT cards were validated by
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RESULTS

Since implementation of the CDC PT program, 20 test cycles have
been conducted, including 2 in 2006 and 3 each year in 2007 to
2012. The number of participating laboratories steadily increased
from 17 in 11 PEPFAR-supported countries in 2006 to 136 in 38
PEPFAR-supported and 5 in 3 non-PEPFAR-supported countries
in 2012. The numbers of participating laboratories were 23, 45, 68,
81, 99, 120, and 136 at the end of 2006, 2007, 2008, 2009, 2010,
2011, and 2012, respectively. The distribution of participating facilities by the end of 2012 was as follows: 105 laboratories from 24
sub-Saharan African countries, 18 laboratories from 7 Asian
countries, 6 laboratories from the Caribbean, 2 laboratories each
from North and South America, and 3 laboratories from Oceania.
A majority (91.8%) of the participating laboratories (range,
76.5% to 100%; median, 93.6%) returned the PT testing results
electronically to CDC Atlanta after each testing cycle. As a measure of performance, the mean scores were determined for each
testing cycle (Fig. 1). The mean range was 93.5% to 99.7%. The
lowest mean score (93.5%) was observed in the first PT cycle, and
the highest mean scores of 99.6% and 99.7% were recorded in the
last PT cycle of 2009 and first of 2010. The mean scores increased
significantly over time for the first 12 testing cycles (R2 ⫽ 0.60; P ⫽
0.003), peaking at the 12th testing cycle. Following the 12th testing
cycle, the mean scores remained in a very tight range of 98.2% to
99.2%.
In 2006, the Roche Amplicor HIV-1 DNA Test, v1.5, was recommended for EID by the WHO and CDC (34), and it was the
only assay reported to be used by participating laboratories from
2006 to mid-2007 (Table 1). At the end of 2007, one laboratory
reported the use of an in-house-developed real-time PCR assay,
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MATERIALS AND METHODS

randomly selecting one DBS each from 10 randomly selected DBS cards
and excising either a 6-mm-diameter or 13-mm-diameter disc from the
DBS. Each disc was tested at CDC using a Roche Amplicor HIV-1 DNA
Test, v1.5 (Roche Diagnostics, Indianapolis, IN) according to the manufacturer’s instructions. Subsequently, five cards from the beginning, middle, and end of each DBS production were validated by using a Roche
Amplicor HIV-1 DNA Test, v1.5, and Roche Cobas Ampliprep/TaqMan.
Validation results were compared within and between batches, and the
values were consistent.
(iv) Shipping. The PT panels and internal controls were shipped at
ambient temperature to the participant facilities via air cargo. CDC,
WHO, and International Air Transport Association (IATA) DBS specimen shipping guidelines were followed (31–33).
(v) Results reporting and analysis. Participating laboratories were
expected to report the results of the PT testing (3 per year) within 30 days
from the receipt of the shipment. Laboratories were evaluated on the
concordance of their results with expected results previously validated
prior to shipment by CDC. Test scores (number of correct results of 10
tests per test cycle) and peer comparison results were returned to the
participants via email within 4 weeks of receipt. Laboratories that scored
80% or lower were contacted by email or phone to discuss potential
sources of error.
(vi) Statistical analysis. Normally distributed data were expressed as
means and standard deviations, and data from non-normally distributed
variables were expressed as medians and interquartile ranges. Linear regression was used to examine the relationship between mean score and
EID laboratories per country and number of testing cycles participated in.
Linear regression for trend was used to analyze for changes in mean score
and percentages of laboratories scoring 100% over time. Statistical calculations were performed using SPSS (Statistical Package for the Social Sciences) software (version 21.0; IBM, Armonk, NY), with significance defined as P ⬍ 0.05.

EID Proﬁciency Test Program for HIV-1 DNA PCR

trend was used to analyze for changes in mean score over time from testing
cycle 2 in 2006 (2006-2) to 2010-1.

and by the end of 2012, 21 laboratories reported using several
different in-house assays. In the middle of 2008, one laboratory
replaced the Roche Amplicor HIV-1 DNA Test v1.5 with a Roche
Cobas AmpliPrep/Cobas TaqMan platform (Roche, Indianapolis
IN) (Table 1), and by the end of 2012, 25 laboratories were using
the Cobas AmpliPrep/Cobas TaqMan HIV-1 Qual test. Furthermore, at the latest test cycle, two laboratories began using the
Abbott m2000 (Abbott Laboratories, Abbott Park, IL), a highthroughput, automated extraction platform, and the Abbott
RealTime HIV-1 Qualitative assay (Abbott Laboratories, Abbott
Park, IL). Encouragingly, despite the move to other testing platforms, including the moderate increase in in-house-developed assays, the mean PT results were greater than 96%.

TABLE 1 EID testing assays
Roche Amplicor HIV-1 DNA
Test, v1.5

Roche CAP-CTMa

Panel

No. of
laboratoriesc

Mean score
(%)

No. of
laboratories

2006-2
2006-3
2007-1
2007-2
2007-3
2008-1
2008-2
2008-3
2009-1
2009-2
2009-3
2010-1
2010-2
2010-3
2011-1
2011-2
2011-3
2012-1
2012-2
2012-3

17
23
22
33
42
38
55
64
66
72
62
68
60
66
65
68
62
74
71
61

93
96
97
95
98
98
97
99
96
99
100
99
100
99
100
99
97
99
100
99

1
1
3
4
6
13
17
21
20
22
23
26
29
25

In-house real-time PCR

Abbott RealTimeb

Mean score
(%)

No. of
laboratories

Mean score
(%)

No. of
laboratories

Mean score
(%)

100
100
100
97
100
99
96
97
98
99
97
98
98
96

1
1
3
2
3
5
5
6
9
9
18
21
16
17
21
21

100
100
100
100
100
96
100
100
98
100
99
100
100
99
100
100

2

100

a

Roche CAP-CTM, Roche Cobas Ampliprep/Cobas TaqMan HIV-1 Qual.
b
Abbott RealTime, Abbott RealTime HIV-1 qualitative assay.
c
No. of laboratories, number of laboratories performing the assay and reporting results.
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FIG 1 Mean score over the course of 20 testing cycles. A linear regression for

The performance of individual laboratories in PT is expected
to improve as they analyze substandard results and institute corrective actions. The laboratories were categorized by the number
of test cycles in which they participated in the program, and mean
scores were determined. Regardless of the number of cycles in
which laboratories participated, the mean scores were similar and
no trend was observed (R2 ⫽ 0.06; P ⫽ 0.74) (data not shown).
However, the percentage of laboratories scoring 100% at each of
the 20 test cycles improved over time (R2 ⫽ 0.4; P ⫽ 0.003) (Fig.
2). Those laboratories that participated in all 20 test cycles scored
an average of 99%, which is slightly better than the overall mean
score of 98.4%.
Over the nearly 7-year period of evaluation (20 test cycles),
more than 1,550 panels were distributed, among which 1,432 were
completed, and 50.7% (69/136) of the laboratories scored 100%
on all testing cycles in which they participated, corresponding to a
median of 8 cycles (interquartile range [IQR], 3.5 to 11.5) (data
not shown). For the 69 laboratories that scored 100% on all panels, they reported results on 553 panels. The other 67 laboratories
accounted for all of the testing errors and completed a total of 879
panels; 743 (84.5%) were scored 100% and the remaining 136
panels received correct percentages ranging from 0% to 90%.
Only 51 of 1,432 (3.6%) panels were scored 80% or less, and 31
laboratories received these scores. Of those 31 laboratories, only
12 scored 80% or less on more than one occasion. Overall, the
mean score for the participating laboratories was 98.4% and the
median number of cycles was 11 (IQR, 5.25 to 15).
The percentage of reported incorrect results is shown in Fig. 3.
False-negative and false-positive findings as well as equivocal and
indeterminate results were reported. Equivocal results were reported only for the Amplicor HIV-1 test when the final plate

Garcia et al.

over time.

reader optical density value was 0.2 to 0.8. Indeterminate results
were reported for the Cobas AmpliPrep/Cobas TaqMan HIV-1
Qual test. All of the blind specimens were expected to be either
positive or negative for HIV-1 DNA. Except for the first testing
cycle (2006-2) where all of the errors were found to be false negatives with the positive samples with the lowest HIV copy numbers,
the range of reported incorrect results was typically 0% to 2.5% for
all categories. Discordant values were recognized to represent
transcriptional errors, post-PCR contamination, or improper interpretation of results. The testing laboratories were just as likely
to report false-negative as false-positive results (1.28% versus
0.99%). Interestingly, despite accounting for only 14.7% of all the
reported results, Cobas AmpliPrep/Cobas TaqMan HIV-1 Qual
test users were 2.5 times more likely to report false-positive than

false-negative results and accounted for nearly one-third (33 of
106) of all the false-positive results.
At the latest time point (2012-3), 61% (25 of 41) of the
countries had only either 1 (18 countries) or 2 (7 countries)
testing laboratories. Of the remaining 16 countries, 3 countries
have 3, 6 countries have 4, 2 countries have 5, and 5 countries
have 8, 10, 11, 14, and 18 testing laboratories. It was observed
that as countries scaled up and added testing facilities to decentralize DNA PCR services to accommodate primarily logistical
needs such as increased number of EID tests and a regional
approach, there appeared to be an overall trend for lower-quality results (R2 ⫽ 0.37; P ⫽ 0.059) (Fig. 4). The countries with 10
or more EID PT participating laboratories scored on average
97.8 (range, 97.3 to 98.3).

FIG 3 Percentage of discordant results by all participating laboratories. Discordant results included false-positive (FP), false-negative (FN), and combined
equivocal and invalid (Equiv) results. Equivocal results (optical density value between 0.2 and 0.8) were reported only by Roche Amplicor DNA v1.5 users. Invalid
results were reported by Cobas AmpliPrep/Cobas TaqMan HIV-1 Qual test users when the Amplilink software reported an invalid result(s) within a run where
control values were valid.
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FIG 2 Percentage of laboratories scoring 100% at each test cycle. A linear regression for trend was used to analyze the percentages of laboratories scoring 100%

EID Proﬁciency Test Program for HIV-1 DNA PCR

performing DNA PCR for EID. The bubble size corresponds to the number of countries. A linear regression for trend was used to analyze the mean scores per
number of laboratories per country.

DISCUSSION

As EID testing began rapidly expanding worldwide in the past
decade, there was an urgent need for an EQA program to monitor
the quality of HIV DNA PCR testing using DBSs. A simple approach was developed to help participating laboratories monitor
the quality of PCR testing for EID in low- and middle-income
countries by the CDC headquarters. There is no cost to the participating laboratory, and the program consists of the provision of
(i) a PT panel, (ii) known HIV-positive and -negative DBS specimens to be used as internal controls, and (iii) PT analysis and
report results for end users.
Advances by low- and middle-income countries to conduct
EID in infants have resulted in the expansion of the number of
HIV-exposed children being identified and referred to treatment.
To meet the increasing volume of EID testing, several sub-Saharan
African countries have transitioned to using an automated extraction platform such as Roche Cobas AmpliPrep and real-time determination with Cobas TaqMan. With the switch to automation,
there are expectations that analytical stage errors will be reduced
because in recent decades, standardization, automation, and technological advances have significantly improved the analytical reliability of laboratory results (35). However, there is always room
for improvement, particularly in pre- and postanalytical areas,
and for more effective procedures for quality assessment and control. The routine use of quality control specimens as part of a
quality assurance program prompted CDC to provide known
HIV-positive and -negative DBS (DBS internal controls) with
each PT panel.
Implementing a comprehensive laboratory quality management system and following good laboratory practices can reduce
the frequency of testing errors associated with molecular diagnostic testing such as multistep DNA or RNA PCR. The variability of
test results and the frequency of errors can be reduced with a
dedicated comprehensive quality management system. This typically includes, at a minimum, site supervision, retesting of speci-
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mens (if possible), and participation in routine PT, all key components of laboratory accreditation. PT is a widely used approach
to monitor the quality of testing and can result in increased accuracy of results and increased confidence by health care providers
(36). For example, participation in an external CD4 proficiency
test program (Canadian QASI-Quality Management System) resulted in a reduction in errors by 26% to 38% in simply 3 rounds
of testing in RLS (37).
Many HIV-infected infants and children are either never diagnosed properly or lost to follow-up before enrollment into appropriate care and treatment programs. A poor-quality DNA PCR
test or a long TAT could be potentially useless as an HIV-infected
infant would not get referred to care and treatment and subsequent successful initiation of ART. Therefore, our PT program
requires that laboratories treat the PT DBSs as if they were clinical
samples and return the results electronically (fax or email) to CDC
Atlanta within 30 days to be consistent with the 30-day TAT recommended by WHO (38). However, we observed routinely in all
test cycles that nearly 10% or more of the laboratories failed to
return the results within 30 days. The failure to meet the 30-day
TAT requirement indicates a critical deficiency of laboratory practices because the laboratory testing is only a single component in
an EID program. The entire EID process of proper specimen collection, DBS transport to the laboratory from the clinic, DNA
PCR, timely return of the result to site, and return of the result to
the caregiver should be completed within 30 days to offer the best
chance for the HIV-positive infant to be linked to life-saving care
and treatment. There were several obstacles to returning reliable
PT results in a timely manner for many of the participating laboratories. These included specimen transportation delays, inconsistent power sources, reagent procurement delays and stock outages, expired test kits, and inadequate training and low wages for
laboratory workers. All of these issues were reported as reasons for
not providing PT test results in a timely manner, and these factors
may lead to producing more unacceptable results (39).
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FIG 4 Mean scores according to number of laboratories in country at the 2012-3 test cycle. The 41 countries have 1, 2, 3, 4, 5, 8, 10, 11, 14, or 18 laboratories
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ties in panel distribution and transportation delays due to problems with customs authorities would be overcome. With an incountry or regional panel production approach, countries must
develop strong EQA programs to support the increase in testing
demand and testing facilities. As is shown in Fig. 4, which displays
a trend of decreasing PT scores with the increasing number of
laboratories per country, this trend suggests that laboratories performing EID should participate in a robust in-country laboratory
network with EQA to monitor their performance and evaluate
themselves among other peers. It also demonstrates an additional
need for countrywide monitoring of EID programs during the
current scale-up EID testing to reduce the potential for lowerquality results. Furthermore, PT programs are quite effective as an
EQA tool in identifying poorly performing test sites (23).
Very few clinical laboratories in sub-Saharan Africa have received international accreditation (44), and this includes most of
the laboratories participating in our PT program. The large increase in laboratory participation and the number of countries
involved demonstrate the need for a cost-free PT program for
laboratories performing HIV EID in RLS. Many of the PEPFARsupported laboratories, which are struggling with inadequate resources, are encouraged to continually improve overall management and operations and seek accreditation from the new WHO
Regional Office for Africa Program for Quality Improvement
(45). This WHO Regional Office for Africa approach uses a novel
five-step process to allow laboratories to gradually move toward
accreditation in a cost-effective manner that positively reinforces
progress at each step. One of the requirements for accreditation is
participation in a PT program for each assay used in patient diagnostics and monitoring. Laboratory accreditation will help
strengthen the laboratory and health system in these disease-burdened countries.
The need to test more infants and young children for HIV
infection in low- and middle-income countries has led to advances in EID testing, and more laboratories are participating in
EQA. The CDC PT program has expanded significantly to include
136 laboratories performing EID testing in 41 countries. Despite
pressure to test more HIV-exposed children and significantly expand EID programs, there has been a significantly greater percentage of laboratories scoring 100% at each PT cycles and mean PT
scores have improved over time. Discordant test results still occur
but at a rate of no higher than 2.5%. Encouragingly, the positive
effect of proficiency testing on the testing performance of the participating laboratories and the standardization of good laboratory
practices should translate into laboratories improving their testing accuracy and have a definitive impact on EID testing quality.
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Laboratories that scored less than 80% were contacted for remediation and corrective actions. Discordant values were attributed to transcriptional errors, post-PCR contamination, performance of the wrong test, and/or improper interpretation of
results, which are consistent with previous reports (40) where frequent causes for failure in PT were clerical errors. Encouragingly,
most laboratories did not treat the PT DBSs as unique specimens
and rotated the PT responsibility among the trained staff. These
observed bad practices defeat the quality assurance process of detecting defects within the testing system and are discouraged by
the CDC.
Incorporating test automation was expected to reduce the levels of errors but was not expected to eliminate them completely. It
was also expected that prior to laboratories switching from one
technology to the next, the laboratory staff would perform
method validation and correlation studies to qualify the assay differences. Nearly 20% of the participating laboratories have transitioned from manual to automated extraction of nucleic acids
using Roche Cobas AmpliPrep for EID to significantly reduce the
number of manipulations by laboratory staff and random human
errors during the analytic phase, but inaccuracies continued to be
observed at each testing cycle. Based on the limited data, it is
currently unclear at what stage of the testing process the several
erroneous results were generated by users of the latest state-ofthe-art automated technology. Testing errors could conceivably
be introduced by cross-contamination during the manual cutting
with scissors of DBS spots from the cards or the introduction of
PCR contaminants found in or on the automated extraction platform. The automated platforms are also used routinely for HIV
load testing, and if good laboratory practices are not followed by
decontaminating the surfaces, there is potential for cross-contamination. Despite years of practicing quality management in U.S.
laboratories and continuous improvement in technology, errors
for all clinical laboratory analytic testing (not just PCR) are high,
estimated to range between 7% and 12% (40, 41). The need for
good laboratory practice in resource-rich settings and RLS is imperative, despite the advances in technology. A major shortcoming throughout the world may be inadequate resources dedicated
to quality assurance and quality control activities for all laboratory
testing and, perhaps even more so, for very sensitive molecular
diagnostic tests involving PCR.
The upper limit on the total discordant results was generally
less than 2.5% for any testing cycle with the exception of the very
first PT panel; there was a higher rate of false-negative results at the
2006-2 cycle than at the subsequent time points. The elevated level
of false-negative results was likely attributable to the PT specimens
containing a relatively low DNA copy number (1,250 copies/ml or
⬃25 DNA copies/6-mm-diameter disc). The 2006-2 testing cycle
observation was primarily confined to laboratories using the
Roche MagNA Pure LC System for nucleic acid extraction in conjunction with the Roche Amplicor assay. Discrepancies between
manual nucleic acid extraction and MagNA Pure LC have been
reported (42, 43). The laboratories using the MagNA Pure extraction of DNA evaluated whole-DBS specimens (13-mm-diameter
discs or ⬃125 DNA copies) from that time point forward, and
there was no indication of false negatives from those laboratories
after the adjustment to specimen volume was made.
With the increased demand for PT in EID, the next logical step
is to transfer the operation of the DBS-based PT system to RLS.
Through this technology transfer, many of the logistical difficul-
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