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Rapid antibody tests for the detection of human immunodeficiency virus (HIV) offer an effective means of
providing a timely result of HIV serostatus to individuals. The increased use of rapid HIV antibody tests
outside the laboratory has highlighted the need for new, cost-effective quality assurance methods to be
developed for use in nonlaboratory-based and resource-limited settings. Photographed rapid HIV test results
were used in a modified external quality assessment scheme to assess the interpretation proficiency and,
therefore, to assess the feasibility of using this method as a basis for a quality assessment program for
nonlaboratory-based testing. Participants (n � 148), both experienced and inexperienced in the performance
and interpretation of rapid HIV testing, interpreted the photographed results of five rapid HIV assays. These
were scored according to the degree of technical discordance. Error scores were grouped according to each
participant’s technical experience. The accuracy of interpretation for four of the five assays was between 80 and
97%, indicating that the photographed results of samples, including those difficult to read or borderline
difficult to read, can be used to assess the proficiency of test operators in interpreting results. Participants had
greater difficulty in interpreting samples of weak reactivity; this was consistent across the five assays. Expe-
rience played an important role in accurate interpretation, with experienced laboratory participants exhibiting
greater proficiency (P < 0.05) in interpreting the results of three of the five rapid HIV assays. It was established
that photographed results of rapid HIV assays could be interpreted with accuracy and demonstrated that prior
experience resulted in a more accurate interpretation performance.

The determination of human immunodeficiency virus (HIV)
serostatus of individuals, and the subsequent understanding of
their test results, is an important step in halting the global
spread of HIV (28, 30). As such, HIV testing is often the entry
point of access to HIV prevention and care programs (28). It
is estimated that (at least) 100 million people worldwide need
to be tested for HIV to achieve the goal of universal access to
HIV prevention, care, and support by 2010 (26, 28). The in-
creased use of rapid HIV assays and the decentralization of
HIV testing from regional to district levels in areas of high
HIV prevalence are, therefore, vital in scaling up access to
antiretroviral therapy for HIV-infected people (25, 28). A stan-
dardized quality assurance system and the adequate training of
assay operators are essential to the useful, reliable perfor-
mance of rapid HIV tests (5). The regulation of the quality of
diagnostic tests can have a significant impact on the quality of
testing being provided to patients, and the lack of regulation
can compromise clinical care (20). However, accuracy also is
important for effective testing programs, whether for diagnosis,
surveillance, or clinical monitoring, because these shape pre-
vention and treatment strategies as well as the care of individ-
uals (29). Thus, the success of HIV and AIDS programs de-

mands that accurate and reliable testing is a cornerstone (5).
Consequently, it is important that the rapid HIV assays being
used in nonlaboratory settings (e.g., voluntary counseling and
testing centers within communities in developing countries)
are equal in quality to that expected of laboratories. Inade-
quate quality assurance and minimal or inappropriate training
present limitations to the usefulness and cost effectiveness
of nonlaboratory-based rapid diagnostic testing programs (7,
17, 21).

Immunoassays that are subjectively read and interpreted,
including Western blot analyses, agglutination assays, and
rapid immunoassays, are open to variability in interpretation
both by the individual reader and between readers (10). The
implementation of the essentials of quality management and
monitoring outcomes through quality assurance programs will
reduce variability and increase the accuracy of interpretation,
therefore providing confidence in the testing process (6, 7, 10,
17). Laboratory quality assurance monitors all aspects of the
testing process (preanalytic, analytic, and postanalytic) and
employs two major methods (5, 7). Quality control (QC) is
used to check that an analytical phase (test precision) is opti-
mal (9, 13, 16). External quality assessment (EQA), also called
proficiency testing, is the tool used to assess the testing process
independently. Importantly, EQA can not only be used to
monitor technical performances but also identifies training op-
portunities based on proficiency results (5, 7). Thus, adequate
initial and ongoing training needs may be identified through
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the use of carefully constructed EQA schemes (EQAS) and
are an important measure to ensure both proficiency and ac-
curacy (5). The quality assurance of rapid HIV assays (single-
use devices) might best include on-site performance monitor-
ing and the retesting of samples as well as EQAS (17). The
initial increased cost of EQAS means that testing programs in
developing countries often are not deemed to have sufficient
resources to allocate to quality assurance (17). Consequently,
there is a need for alternative, less expensive methods that can
be used in resource-constrained settings. An EQAS specifically
for rapid HIV testing in nonlaboratory, resource-limited set-
tings, therefore, must take all of this into account.

The training or, more specifically, the lack of adequate and
ongoing training of test operators still represents a severe
limitation to achieving accurate diagnostic testing (11, 12, 15,
33). The ability of untrained or nonlaboratory personnel to
perform rapid HIV assays has been characterized in a number
of different studies (12). Trained nonlaboratory personnel may
have difficulties in performing, interpreting, and communicat-
ing the results of rapid HIV assays if the initial training is not
appropriate or efficacious (5, 15, 17). Deviations from estab-
lished training methods should be approached with caution
and emphasize the importance of standardized, ongoing per-
formance monitoring and training programs that should be a
requirement for all operators (30). Photographed rapid HIV
test results may be useful as a cost-effective training tool that
could generate ongoing training interaction with the EQAS
administrator or other central training body.

The aim of the present study was to investigate the feasibility
of using difficult-to-read, photographed rapid HIV test results
to assess the proficiency of operator interpretation and, sec-
ondly, the potential for using the method as a training tool. It
was established that photographed results of rapid HIV assays
could be interpreted with relative accuracy and that the prior
experience of operators resulted in the more accurate inter-
pretation of photographed results. From this initial study, we
propose that assessing operator interpretation proficiency us-
ing photographed rapid HIV test results could be used as a
complement to a quality assurance and training program or as
an alternative to EQAS in resource-limited settings in which
conventional EQAS is not practical. This would improve the
outcomes of nonlaboratory-based testing where rapid HIV
tests are employed, especially in resource-limited settings.

MATERIALS AND METHODS

Participants. A total of 192 laboratories that were enrolled in the HIV
Serology EQAS of the National Serology Reference Laboratory, Australia
(NRL), had the quality assurance exercise sent to them. Of these, 121 labo-
ratories (63%) responded. Some laboratories (n � 12) provided independent
interpretations from more than one member of staff, resulting in a total of 148
responses (Table 1).

Rapid HIV assay kits. Kits were selected based on the different formats
available, those used by current NRL EQAS participants, and those reviewed in
WHO evaluations (10). The formats included two rapid immunochromato-
graphic assays, Abbott Determine HIV-1/2 (Abbott Laboratories, Abbott Park,
IL) and Trinity Biotech Plc Uni-Gold HIV (Trinity Biotech Plc., Wicklow,
Ireland); one rapid immunofiltration assay, Bio-Rad Multispot HIV-1/HIV-2
(Bio-Rad Laboratories, Inc., Redmond, WA); one rapid latex agglutination
assay, Trinity Biotech Plc Capillus HIV-1/HIV-2 (Trinity Biotech Plc., Wicklow,
Ireland); and one semirapid particle agglutination assay, Fujirebio Inc. Serodia-
HIV (Fujirebio Diagnostics, Inc., Tokyo, Japan).

Sample panels. Each assay had a defined sample panel (n � 7) consisting of
a characterized HIV type 1 (HIV-1) antibody-negative control, an undiluted
HIV-1-positive control, and five dilutions of this positive sample prepared so as
to provide strong, weak, and negative results (i.e., beyond the detection limits for
that assay) (10). Five dilutions or panel members plus two controls were selected
on the basis of previous recommendations (8). Base matrix (defibrinated human
plasma negative for anti-HIV-1/HIV-2, HBsAg, anti-HBs, anti-hepatitis C virus,
and anti-human T-cell leukemia type 1/anti-human T-cell leukemia type 2; BBI
Diagnostics) was used as the diluent. An experienced NRL scientist tested all
panels with their respective assays by following each manufacturer’s instructions.

Worksheets. For each assay type, the individual test cartridges with reactive/
nonreactive bands for each panel member were photographed (with a Nikon D50
SLR digital camera) and formatted into a worksheet. The worksheets also in-
cluded each manufacturer’s interpretation instructions, a table in which scores
could be recorded, and questions to assess the level of experience of each
participant. Experience was defined by the assessment of any previous training
with an estimate of how often an assay was performed by the participant (i.e.,
rarely, occasionally, or frequently). Each participant received a colored hardcopy
of the worksheet so that the quality of the photographs supplied for interpreta-
tion purposes was uniform between participants and the NRL scientists.

Analysis of results. The NRL’s simple/rapid HIV testing strategy dictates that
two trained scientists interpret a test result, and a third is used for consensus
before the result is reported. Three NRL laboratory scientists experienced with
reading subjective HIV diagnostic assays (including rapid assays) interpreted the
photographed results, and this was taken as the correct interpretation of any
given result (24, 29). Participants were asked to score a sample on the basis of the
intensity of reactivity as one of strong positive (��), weak positive (�), negative
(�), or inconclusive (?) and then give their final interpretations of the results as
positive (��/�), negative (�), or inconclusive (?) depending on the observed
pattern of reactivity. Participant interpretations were scored against the correct
interpretation as correct (0), inconclusive (1), false positive (2), or false negative
(3). The sum of the scores for the five samples produced the cumulative error
score for each participant and overall for each assay.

The error scores were analyzed in three ways. (i) First, the scores were
analyzed as one group by the Kruskal-Wallis, nonparametric, one-way anal-
ysis of variance by ranks test on SPSS V14.0 (SPSS Inc., Chicago, IL) to
analyze differences between the error scores of the five assays (the null hypothesis
Ho:MDetermine � MMultispot � MUni-Gold � MCapillus � MSerodia; n � 740 and � �
0.05, where M is the median and � denotes the level of significance). Dunn’s

TABLE 1. Origins of laboratories participating in an external
quality assessment exercise assessing photographed results

of rapid HIV assaysa

Countries with laboratories that
sent one set of interpretations (no.
of laboratories that participated)

Countries with laboratories that
sent more than one set of

interpretations (no. of results,
no. of laboratories)

Bangladesh (1) United Kingdom (4, 1)
Brunei Darussalam (1) Canada (3, 1)
Fiji Islands (1) Pakistan (4, 2)
Nepal (1) Myanmar (3, 2)
Tonga (1) India (6, 5)
New Caledonia (1) Thailand (9, 5)
Taiwan, Republic of China (1) Australia (83, 69)
Korea (1)
Philippines (1)
Singapore (1)
Vietnam (1)
Cambodia (2)
Kenya (2)
Indonesia (3)
Japan (3)
Malaysia (3)
Sri Lanka (3)
People’s Republic of China (4)
New Zealand (5)

a A total of 191 laboratories were invited to participate; 121 laboratories filled
out and returned worksheets completed correctly. Twelve of these laboratories
returned more than one result each. This gave a total of 148 individual sets of
results for analysis.
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multiple comparison test was used for pair-wise comparisons to determine where
any differences occurred. (ii) The second method was to analyze specific expe-
rience for each of the five assays by grouping error scores according to partici-
pants who indicated having previous experience or those that did not for each
individual assay. The results were analyzed by Pearson chi-square tests (Ho:
MIndicated Experience � MNo experience � 0; n � 148 and � � 0.05). (iii) Owing to
the number of participants indicating specific experience, a second measure of
experience was used. Participant interpretations were grouped according to
Australian/New Zealand participants and participants from all other countries
(international) as a general measure of experience. Location was considered a
surrogate indicator for experience with rapid HIV assays. Only 17% of the
participants in Australia and New Zealand, compared to 84% of the interna-
tional participants, reported having had experience with at least one of the five
rapid assays. An examination of the national testing strategies of participating
laboratories and a record of their use of rapid HIV tests in the NRL’s quality
assurance programs supported the grouping by experience according to location.
The error scores were analyzed by the Kruskal-Wallis test (Ho:MAustralian/New Zealand �
MInternational � 0; � � 0.05) for each assay and for the cumulative error scores
across the five assays (n � 148). In summary, the data were analyzed in three
ways: (i) all interpretations, (ii) specific experience, and (iii) general laboratory
experience.

It is anticipated that, in a program utilizing this method, the accuracy of
interpretation as measured by the error scores will determine the proficiency of
operator interpretation. This is turn will enable the level of improvement to be
measured upon the training of the operator.

RESULTS

Photographed results were interpreted accurately. The pho-
tographed results of five rapid HIV antibody assays were in-
terpreted by participants enrolled in the NRL HIV serology
EQAS. The majority of interpretations for each of the five
assays were correct (Fig. 1). The relative frequencies indicate
that the number of correct interpretations for the Determine,
Multispot, Capillus, and Uni-Gold assays were 80% or greater.
However, the accuracy was only 67% for the Serodia assay.
The results showed that overall, photographed results could be
interpreted with accuracy and highlight where there is need for
improved training. Dilutions interpreted as inconclusive were
the most common interpretation not in accord with reference
interpretations. Compared with the other assays, a greater
number of false-positive interpretations were made for the

Determine assay (11.5%), while there was a higher number of
false-negative interpretations for the Serodia assay (16.2%).

Samples at limits of detection were less accurately inter-
preted. A sample-by-sample analysis of the error scores for
each assay showed that participants found those results of
samples reacting at or near the limits of detection for each
assay more difficult to interpret (Fig. 2). This was reflected in
higher error scores for dilutions corresponding to those sam-
ples reacting at the limits of detection for each assay. Dilutions
that were the least accurately interpreted were similar for the
Determine (Fig. 2a), Multispot (Fig. 2b), and Uni-Gold (Fig.
2c) assays. The least variation in interpretation was seen with
the Capillus assay (Fig. 2d), for which readings were more
consistent with the dilutions tested. The interpretation of the
results from the Serodia assay (Fig. 2e) showed the greatest
variation (Fig. 2f). The total error scores for the participants’
interpretations among the five assays (Fig. 2f) were signifi-
cantly different (�2 � 292.96; P � 0.0001), except between
Multispot and Capillus on a pair-wise comparison.

Experience is important for a more accurate interpretation.
It was investigated whether previous experience in performing
rapid HIV testing was relevant to an operator’s ability to in-
terpret accurately the photographed rapid HIV assay results.
An analysis of the cumulative error scores when participants
were grouped according to specific experience in performing
and, therefore, reading rapid HIV assays showed that experi-
ence using a particular assay had an impact on the accuracy of
interpretation for three of the five assays. The total error
scores for interpretations by participants who indicated expe-
rience (Fig. 3a) were lower than those for participants with no
experience for Determine (�2 � 12.08; P � 0.03), Capillus
(�2 � 13.16; P � 0.02), and Serodia (�2 � 13.84; P � 0.02).
There was a trend for experienced participants to have lower
cumulative error scores for four of the five assays. Interpreta-
tions of results with the Capillus assay were the most accurate,
regardless of experience.

Cumulative error scores for participants grouped according
to general laboratory experience in performing and, by as-
sumption, reading rapid HIV assays showed that previous ex-
perience had an impact on the accuracy of the interpretation of
photographed results (Fig. 3b). International participants (i.e.,
countries other than Australia and New Zealand) had lower
error scores for the Determine and Serodia assays than for the
other three assays. An analysis of variance by ranks found that
the error scores for participants from Australia and New Zea-
land were significantly higher for Uni-Gold (�2 � 11.143; P �
0.001) as well as when the error scores for all five assays were
combined (�2 � 4.624; P � 0.032).

The mean error scores of participants grouped for both
specific assay experience (Fig. 3c) and general laboratory ex-
perience (Fig. 3d) with rapid HIV assays were similar. The
average error score for the Capillus assay was close to 0, while
that for Serodia was close to 4, emphasizing the difference in
interpretation accuracy for these two assays. The other three
assays performed similarly regardless of whether the grouping
was specific or general (mean error score between 1 and 2).

These results suggested that in the present study, both spe-
cific assay experience and general laboratory experience in
performing rapid assays contributed to the accurate interpre-
tation of the photographed results, but that the mean error

FIG. 1. Interpretations of photographed results from five rapid
HIV assays in a quality assurance exercise. Laboratory technicians
(n � 148) from 121 diagnostic laboratories interpreted the photo-
graphed results of the five rapid HIV assays (Abbott Determine HIV-
1/2, Bio-Rad Multispot HIV-1/HIV-2, Trinity Biotech Plc Uni-Gold
HIV, Trinity Biotech Plc Capillus HIV-1/HIV-2, and Fujirebio Inc
Serodia-HIV). Interpretations were graded as correct (f), inconclu-
sive (;), false positive (s), and false negative (�) compared to the
consensus interpretation by three experienced readers from the NRL.
The relative frequency of interpretation is shown for each assay.
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scores were similar for both experienced and inexperienced
participants.

DISCUSSION

The method investigated in the present study demonstrated
that it is feasible to use photographed rapid HIV assay results
in the monitoring and evaluation of operators by assessing
their ability to interpret correctly the photographed results.
This was demonstrated by the accurate interpretation (greater
than 80%) of the photographed results, including difficult-to-
read samples, for four of the five assays. Further, it was estab-
lished that participants with previous experience on rapid HIV
tests achieved lower error scores than their less experienced
colleagues, thus highlighting the important role of experience
and, therefore, training in the correct interpretation of the
results. The utilization of photographed results as a measure of
quality assurance will overcome some of the logistic and re-
source issues that make impractical the quality assurance of
widespread rapid testing. The next step is to test such photo-
graphic panels in the field to identify their value in training and
proficiency.

Testing strategies for HIV must include an algorithm for the
second-round testing of all reactive or inconclusive samples
from the initial screening assay to determine whether the initial

reactivities were true or false (1, 24, 31). Samples interpreted
as inconclusive or reactive should be retested in a second assay
that uses a different technology and antigens. Samples that test
negative in the primary assay are not retested, so false-negative
interpretations are not defined in a standard clinical testing
strategy. In the present study, inconclusive was the most com-
mon discrepant interpretation, suggesting that participants
were able to identify correctly when a sample should be re-
tested for confirmation. However, the number of false-negative
interpretations seen for the Serodia assay in this study sug-
gested that the ability of participants to interpret these results
should be investigated further and the potential need for fur-
ther training. This was reflected in the greater difficulty in the
subjective interpretation of this assay, as evidenced by the 67%
correct interpretation score for the Serodia assay versus 97%
for the Capillus assay (Fig. 1). Field evaluations of rapid HIV
serological tests have revealed that while most have high sen-
sitivity and specificity, the Serodia assay did not perform as
well (2, 3, 14, 19), confirming our results here regarding rela-
tive accuracy. These results suggest that certain assay formats
were easier to read than others, although a more extensive
analysis would be required to show this definitively.

Photographs have been used to assess eye health, investigate
the accuracy of registered general nurses to grade pressure
ulcers, assess medical students in emergency medicine certifi-

FIG. 2. Participants’ (n � 148) error scores of photographed assay results for five rapid HIV assays: (a) Abbott Determine HIV-1/2, (b)
Bio-Rad Multispot HIV-1/HIV-2, (c) Trinity Biotech Plc Uni-Gold HIV, (d) Trinity Biotech Plc Capillus HIV-1/HIV-2, and (e) Fujirebio Inc.
Serodia-HIV. (f) The total error scores for each assay. Reference interpretations (shown as capital letters in the upper portions of each panel) were
determined by three experienced and trained NRL staff (P, positive; N, negative; I, inconclusive). Participant interpretations were compared to
the reference and graded as correct (0), inconclusive (1), false positive (2), and false negative (3) and summed to give an error score.
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cation exams, and assess proficiency in cytogenetic testing (27),
and they currently are recommended for training personnel in
the use of rapid HIV tests (4). The use of electronic images for
quality assessment and training purposes also has been inves-
tigated in hematology (10). Thus, there is precedence for in-
corporating photographed rapid HIV assay results into an
EQA program as an inexpensive method of assessing operator
interpretation proficiency and, additionally, as a training tool.

The investigation of the present study into the impact that
experience had on interpretation accuracy found that partici-
pants with specific assay or general laboratory experience with
rapid HIV assays had a lower error score and were more
accurate in their interpretations of the photographed results
than were inexperienced participants. Mean error scores were
consistent between groups and across the assays (error score
below 2), except for the Serodia assay (error score of 4). From
the sample-by-sample analysis of the individual dilutions, we
identified difficulty in the interpretation of the samples mim-
icking weak reactivity. These dilutions were the least accurately
interpreted photographs for all five assays, confirming previous
studies (10, 18). These samples mimicked weak or nonspecific
reactivity, similarly to that occurring during seroconversion or
biological false reactivity, but most importantly do not offer
information about the sensitivity and specificity of an assay
(16). The accurate interpretation of rapid HIV assays in weakly
reactive samples by inexperienced operators, especially when
experienced laboratory participants had difficulty, implies that

inexperience impacts significantly on the accuracy of results
with these samples. This emphasizes the importance of train-
ing, as has been suggested previously (7, 20–23, 32). Photo-
graphed rapid HIV assay results as cost-effective training tools
therefore will have importance in both initial and ongoing
training programs. Assessing the degree to which trained, non-
laboratory personnel can accurately interpret photographed
results is the next step in developing this method as a validated
EQA for HIV testing in nonlaboratory or point-of-care set-
tings. The assessment and training of nonlaboratory personnel
may then be readily extended through the use of this method
for subjectively read rapid HIV tests.

Quality assurance programs monitor performance, thereby
maintaining the integrity of the testing process. When diagnos-
tic assays that have not been adequately evaluated find their
way into developing countries, the reliability of testing pro-
grams is at considerable risk (17). Further, if these assays are
not quality assured on a regular basis, then errors resulting
from poor performance may not be discovered (29). There-
fore, it is important that all phases of diagnostic testing pro-
cesses, whether performed inside or outside a laboratory, are
monitored routinely through an EQA program (21). Currently
there is concern over the lack of, and the standard of, diag-
nostics for other diseases of the developing world, such as
tuberculosis and malaria. The method described in this paper
has the potential to be used for other types of rapid assays and
represents an effective means to help ensure the accuracy of

FIG. 3. Influence of experience on interpretation scores from 148 participants in a quality assurance exercise assessing the interpretation of
photographed rapid HIV assay results. Two measures of experience were considered, and participants’ error scores were grouped according to
specific experience on the selected rapid HIV assay (a) and general laboratory experience with rapid HIV assays based on location (international
and experienced as well as Australia/New Zealand and less experienced) (b). The mean error scores for specific experience (c) and general
experience (d) are shown. The differences in error scores (*) between experienced and inexperienced participants for each assay were observed
by the Pearson chi-square test for the Abbott Determine HIV-1/2 (P � 0.034), Trinity Biotech Plc Capillus HIV-1/HIV-2 (P � 0.022), and Fujirebio
Inc. Serodia-HIV (P � 0.017) assays (a) and by the Kruskal-Wallis test for the Trinity Biotech Plc Uni-Gold HIV (P � 0.001) (P � 0.032 for all
five assays [Total]) (b); the significance was set at P � 0.05.
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interpreting diagnostic assays when more conventional quality
assurance methods are not available.

To summarize, laboratory personnel who participated in this
study, both experienced and inexperienced with rapid HIV
assays, were able to interpret the photographed rapid HIV
assay results with relative accuracy. Further, experience was
shown to play an important role in achieving greater accuracy
of interpretation. We propose that this method can be used in
providing a novel, cost-effective approach to EQA for nonlabo-
ratory rapid HIV testing. Once established, programs could be
used for training and monitoring purposes, facilitating the
more accurate interpretation of rapid HIV assays and thereby
assisting HIV prevention efforts, especially in resource-limited
countries. Most importantly, photographed test results will
bring a practical and cost-effective approach to quality assur-
ance for the scale-up of nonlaboratory HIV testing that is
needed before 2010.
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