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Results from laboratories performing indirect immunofluorescence (IIF) testing for human immunodefi-
ciency virus type 1 antibody and participating in the Centers for Disease Control Model Performance
Evaluation Program in 1988 are presented. Approximately 90% of all laboratories receiving specimen panels
or questionnaires furnished results to the Centers for Disease Control. In September 1988, 111 reports were
received from IIF laboratories from 34 states and nine countries; most of these laboratories did IIF testing in
conjunction with other antibody tests. Hospital laboratories were the most common type of laboratory
participating in the program. Laboratories that performed IIF employed fewer personnel and performed
testing less frequently than did laboratories that performed enzyme immunoassays or Western blot (immuno-
blot) tests and were less likely to use a commercial test kit. Most of the laboratories that referred specimens for
IIF testing sent them to the state laboratory. The analytic specificity for the Model Performance Evaluation
Program specimens was 98.5% when indeterminate results on a negative specimen were considered correct
(negative) and 89.6% when indeterminate results on a negative specimen were considered incorrect; analytic
sensitivity was 94.8% when indeterminate results on a positive specimen were considered correct (positive) and
91.4% when indeterminate results on a positive specimen were considered incorrect. When indeterminate
results were considered correct, all types of laboratories (blood bank, state, hospital, independent, and other)
had analytic specificities over 96%, and all manufacturers had analytic specificities above 95%. All types of
laboratories had analytic sensitivities over 92%, and analytic sensitivities were above 94% for all manufac-
turers and reagent sources except Cellular Products. Comparison of percentages of correct responses between
ITF and Western blot assays on those samples for which there was good agreement on the target interpretation
revealed no significant differences. Both individual donor and diluted materials were included in the
evaluations; the diluted donor material presented the greatest testing difficulty. Within-survey reproducibility
was about 93% overall and by specimen type. Between-survey reproducibility was about 81% for negative and
indeterminate specimens and 88.5% for positive specimens, for an overall between-survey reproducibility of
84.3%. Differences in performance were noted when results were compared by type of laboratory and test

manufacturer.

Since the initial diagnosis of acquired immunodeficiency
syndrome in 1981 and the subsequent identification of human
immunodeficiency virus type 1 (HIV-1) as the etiologic agent
2, 3, 6, 10, 11), the efforts of many laboratories have been
directed at developing tests for detecting antibodies to this
virus. The laboratory and clinical diagnosis of HIV-1 infec-
tion has presented a unique challenge to both medical and
public health professionals that includes the need to develop
and implement systems for ensuring the high quality and
reliability of HIV-1 test results. Clinical and public health
management and control strategies for acquired immunode-
ficiency syndrome require that these tests be readily avail-
able and reliable. They are essential to the success of
surveillance and prevention programs (7).

The advent of serologic testing for HIV-1 has made it
possible to screen blood and plasma for antibodies to HIV-1
and to provide counseling and testing to persons with
increased risks of infection. Expansion of screening into
populations with relatively low HIV-1 prevalence rates
makes the monitoring of the specificity, sensitivity, and
reproducibility of commercially available HIV-1 antibody
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kits even more important. It is increasingly important in this
rapidly expanding field to monitor the use of screening and
confirmatory testing to ensure that the frequency of both
false-positive and false-negative results is minimized. Mon-
itoring the quality of laboratory testing over time is also
important because of the expansion and changes in the types
of facilities that provide HIV-1 antibody testing, in the
reasons that tests are performed, in the knowledge about the
clinical manifestation of HIV-1 infection, and in the technol-
ogy being used for testing.

As part of the U.S. Public Health Service response to this
need, a proficiency testing program for laboratories perform-
ing HIV-1 antibody testing was instituted by the Centers for
Disease Control (CDC) in March 1985, shortly after the first
commercial enzyme immunoassay (EIA) for detecting HIV-
1 antibody was licensed by the Food and Drug Administra-
tion (18). In 1986, the program was substantially enhanced to
permit the evaluation of preanalytic and postanalytic stages
in the HIV-1 antibody-testing process (steps occurring be-
fore and after the analysis), and the new program was
designated the Model Performance Evaluation Program
(MPEP) (16a; W. O. Schalla, T. L. Hearn, C. W. Griffin, and
R. N. Taylor, Clin. Microbiol. Newsl. 10:156-159, 1988).
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The goals of the program are to develop appropriate methods
for defining and evaluating quality laboratory testing systems
(including test selection, sample collection, and reporting
and interpreting test results); to determine the analytic
quality of HIV-1 antibody testing as currently practiced in
private and public health laboratories; to evaluate the effect
of testing quality on patient and public health (that is, to
determine whether test results meet the needs of physicians
and public health officials); and to develop strategies for
identifying and correcting laboratory errors and other imped-
iments to achieving high quality.

The most commonly used HIV-1 antibody assays are (i)
EIA or enzyme-linked immunosorbent assay, (ii) Western
blot (WB) or immunoblot tests, and (iii) the indirect immu-
nofluorescence (IIF) test or immunofluorescence assay. The
EIAs are primarily used as screening tests. The occurrence
of false-positive results necessitates the confirmation of
repeatedly EIA-positive specimens by other, more specific
methods. Both WB and IIF are used as supplemental tests to
confirm positive screening results, and both have advantages
and disadvantages (4, 9, 12, 13, 15-17). Although the MPEP
evaluated performance with all of these tests, this paper will
report only the results of evaluations of IIF test performance
obtained during 1988.

MATERIALS AND METHODS

More than 12,000 laboratories were invited to participate
in this evaluation program, and about 1,400 enrolled. Most of
the nonparticipating laboratories do not perform HIV-1
antibody testing. Enrollment in the MPEP is voluntary and
free of charge. Participants are identified through letters to
laboratories, manufacturers, and professional organizations
as well as through other means of communication. All
participants perform HIV-1 antibody tests, although the
number and types they offer vary.

The MPEP is a performance evaluation program and not a
proficiency-testing program. Proficiency-testing programs
focus on measuring the analytic performance of individual
laboratories primarily for regulatory or licensure purposes or
as a supplement to internal quality control, with only sec-
ondary interest in overall test performance and in perfor-
mance by testing variables. While the MPEP is interested in
individual laboratory performance, its scope is broad and
includes defining the current composite performance levels,
identifying variables that correlate with levels of perfor-
mance, implementing intervention, and measuring the ef-
fects of these activities. In addition, the goal of the perfor-
mance evaluation program is to measure the performance of
the whole testing process instead of limiting measurements
to the analytic component (14). Because of these differences
in focus, the activities are specified as performance evalua-
tions instead of proficiency testing.

To evaluate the quality of analytic testing and to assist
laboratories in improving their performance, panels of spec-
imens for HIV-1 antibody testing are mailed to MPEP
participants two or three times a year. The participants are
asked to process these specimens in the same manner that
they normally process patient specimens. The first two
shipments were made in May and September of 1988; each
panel contained 22 specimens (11 pairs of blind replicates),
which ranged from nonreactive through weakly reactive to
strongly reactive for HIV-1 antibody. The panels were
identical in composition, but the specimen numbers were
scrambled and recorded. To reduce the possibility of collab-
oration among participants and to permit the use of undiluted
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single-donor plasma, eight different subsets of 22 specimens
each were prepared for each shipment. Some of the 53
specimens (48 single-donor specimens, numbered 01 through
48, and 5 pools, numbered P1 through PS5) were common to
all the subsets. Specimens 01 through 08 were negative, and
equal portions of each were used to prepare pool Pl.
Specimens 09 through 16 and 17 through 24 were positives,
on the basis of reference laboratory results, and equal
portions were used to make pools P2 and P3, respectively.
Specimens 25 through 27, 31 and 32 were indeterminate;
specimens 28 through 30 were positive. No pool was pre-
pared from specimens 25 through 32. Specimens 33 through
40 and 41 through 48 were positives, and equal portions were
used to make pools P4 and PS5, respectively. Specimens 29
through 31, 33, 37 through 39, and 41 through 48 consisted of
positive donor materials diluted with HIV-1 antibody-nega-
tive human serum. All other specimens were undiluted
specimens from single donors. This design permitted the
measurement of both within- and between-survey reproduc-
ibility; i.e., laboratories tested identical specimens in both
surveys.

The specimens, collected and prepared for CDC by an
outside contractor, were obtained from blood collection
centers and consisted of both single-donor and pooled-donor
material. Before they were used in a panel, all candidate
specimens were tested at CDC and by the contractor using
EIAs and WBs from several manufacturers and employing
the Association of State and Territorial Public Health Lab-
oratory Directors (ASTPHLD) WB interpretation criteria (1,
5a). In addition, the specimens were validated by 36 candi-
date reference laboratories who also participate in the pro-
gram. Candidate reference laboratories are a pool of labora-
tories with good performance histories that are selected
according to laboratory type, testing volume, and testing
practices and that are used on a rotating basis as reference
laboratories for the tests they offer.

Participants reported their results by mail to CDC on
specially designed forms and subsequently received three
performance reports. The first report included the reference
laboratory results, grouped by test method and kit manufac-
turer; the second was a summary tabulation of all participant
results; and the third was an analysis in which results were
grouped for each evaluation specimen by test kit manufac-
turer, test method and method variables. All participants
were identified with a unique, confidential code number.
Individual performance reports were not made.

The performance evaluation data largely reflect the ana-
lytic aspects of the HIV-1 antibody-testing process. To learn
more about other variables associated with HIV-1 testing
quality, the MPEP performs separate biannual questionnaire
surveys of participants. Participants are requested to com-
plete questionnaires designed to describe their laboratories,
their HIV-1 test methods and procedures, the number of
tests performed per test method, and their testing process,
which includes the purpose of testing (e.g., screening, diag-
nosis, or research), the source of specimens, how specimens
are treated, and how test results are reported to the clinician
(19). To maintain confidentiality of the data, laboratory-
identifying information such as name and address is not
linked at CDC to the data obtained from either the question-
naire or the specimen test results. The data do, however,
contain unique code numbers that are necessary for trend
analyses and corrective interventions. The results of these
questionnaires are linked by this confidential code number to
performance results to provide the ability to correlate ques-
tionnaire variables with analytic performance.
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FIG. 1. Types of laboratories doing IIF testing according to 1988 CDC questionnaires. Other includes multiple responses.

Sensitivity and specificity were calculated by a method
similar to that of Galen and Gambino (8), but to avoid the
possible confusion of the sensitivities calculated in these
evaluations with the same estimates derived from testing
clinical specimens, we used the terms analytic sensitivity
and analytic specificity (5). Because the specimens were
selected to maximize the ability to discriminate between
good and poor tests, the distribution of reactivities did not
approximate that of clinical specimens, nor did it contain the
likely confounding variables that would be required to
estimate clinical parameters (17). Analytic sensitivity was
defined as the percentage of positive reports on samples
designated positive on the basis of the reference laborato-
ries’ results, and analytic specificity was defined as the
percentage of negative reports on samples designated nega-
tive on the basis of reference laboratories’ results. Because
sensitivities and specificities were affected by how indeter-
minate results were handled, and because laboratories did
not resolve indeterminates, sensitivities and specificities
were calculated both by considering them correct and by
considering them incorrect.

Reproducibility, which is also known as concordance (20),
was defined as the percentage of identical results on paired
specimens (i.e., the percentage with positive results on both
specimens, with indeterminate results on both specimens, or
with negative results on both specimens). This is the proce-
dure used in previous proficiency-testing programs (5, 18).
For between-survey reproducibility, the results of the first of
the duplicate specimens in the May survey were compared
with those of the first of the duplicate specimens in the
September survey, and the results of the second of the
duplicate specimens in the May survey were compared with
those of the second of the duplicate specimens in the
September survey.

The results of both the performance evaluations and the
survey questionnaires are presented in this paper. Cross-

correlational analysis (comparing performance with ques-
tionnaire variables) will be reported separately.

RESULTS

Currently, 1,416 laboratories are enrolled in the MPEP.
Approximately 90% of all laboratories receiving specimen
panels or questionnaires voluntarily reported results. Most
are located in the United States, although laboratories in
three U.S. territories and 82 other countries also participate
in this program. Each of the 50 states has laboratories
enrolled in the MPEP, with the states of California, Texas,
Illinois, Florida, Pennsylvania, and New York accounting
for 41% of all U.S. participants. On the May questionnaire,
107 (9.1%) laboratories reported that they perform IIF
testing; the number increased to 111 (10.6%) with the Sep-
tember questionnaire. Among these, laboratories from 27
states, Washington, D.C., and 12 countries responded to the
May questionnaire, and laboratories from 34 states, Guam,
Washington, D.C., and 9 countries responded to the Sep-
tember questionnaire. The states with the largest number of
laboratories responding to the September questionnaire
were California, with 14; New York, with 8; and Texas, with
6. In all other cases, five or fewer IIF laboratories responded
per state or country.

Hospital laboratories were the most common type of
laboratory performing IIF tests, constituting 26.1% of the
May questionnaire respondents and 30.9% of the September
respondents (Fig. 1). Health departments and blood banks
ranged from 11.4 to 17.0% of the respondents. Many labo-
ratories reported more than one type of laboratory (e.g.,
both hospital and blood bank).

Almost two-thirds of the laboratories that performed IIF
testing in the performance evaluation program also per-
formed EIA and WB (64.4% in May and 63.2% in Septem-
ber) (Fig. 2). Nearly one-third of the laboratories performed
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FIG. 2. Tests used in combination with IIF test according to 1988 CDC questionnaires.

a combination of EIA and IIF testing (28.8% in May and
32.4% in September). Two laboratories in September and
three in May did only IIF testing; one laboratory in Septem-
ber and two in May did IIF testing in conjunction with WB
testing. Of the 63 IIF participants responding to the question
about the laboratory testing algorithm on the September
1988 questionnaire, 39 (61.9%) indicated that they use the
IIF test in conjunction with the WB after obtaining positive
EIA results. One-third (21 laboratories) indicated that they
used only the IIF test to confirm positive EIA results. Two
laboratories reported that they only performed IIF tests, and
one laboratory reported that it performed only IIF and WB
testing.

The number of personnel used in HIV-1 testing is shown in
Fig. 3. Of the 85 IIF laboratories responding to this question,
52 (61.2%) employed only one or less than one full-time
person for IIF testing. All 85 used five or fewer people.
Comparison with laboratories doing EIA and WB testing
showed that IIF laboratories usually use fewer personnel. In
addition, IIF laboratories typically do testing less frequently
than do EIA and WB laboratories. Most laboratories (51 of
83, or 61.4%) perform testing only 1 day a week or less (Fig.
4). None of the laboratories did testing on more than 5 days
a week. Only seven IIF laboratories (8.4%) did testing S days
a week, whereas 31 of 235 (13.2%) WB laboratories and 493
of 1,033 (47.7%) EIA laboratories performed testing on 5 or
more days per week.

In-house test reagents and kits from Electronucleonics
were the most commonly used by IIF performance evalua-
tion participants (Fig. 5). In-house reagents were used by 17
of 46 participants according to the May questionnaire and by
14 of 48 according to the September questionnaire. Electro-
nucleonics kits were used by 11 of 46 participants responding
in May and by 18 of 48 participants responding in Septem-
ber. In-house and Electronucleonics reagents were com-

monly reported on the questionnaires, but noncommercial
products (prepared by the main or central state public health
laboratory) were also popular among these participants.
From 14.8 to 25.0% of the questionnaire responses indicated
that one of these three kits or reagents was used. A wide
variety of test kits from outside the United States were
reported by several laboratories.

The manufacturer’s testing protocol for IIF was followed
by 23 (28%) of 82 laboratories responding to this question in
May and by 47 (42%) of the 111 laboratories responding in
September. The state health department protocol was fol-
lowed by 37 laboratories (45%) responding in May and by 38
laboratories (34%) responding in September. The percentage
of laboratories using the manufacturer’s testing protocol for
IIF testing was lower than for EIA and WB testing because
fewer IIF laboratories used complete kits by one manufac-
turer. Unlike EIA and WB testing, IIF testing is frequently
performed with in-house reagents, noncommercial reagents,
or tests consisting of components from various manufactur-
ers.

A total of 106 laboratories indicated in the September 1988
questionnaire that they refer specimens to other laboratories
for IIF testing and reported the type of laboratory to which
such specimens are referred. Most of the laboratories (57, or
53.8%) referred specimens to the state laboratory for IIF
testing. The only other frequently used referral site was
independent laboratories (23 referrals, or 21.7%). Hospitals,
blood banks, and other laboratories were recipients of the
remaining (24.5%) specimens referred for IIF testing.

For the combined May and September 1988 performance
evaluation results on the negative pool (P1) and the individ-
ual negative specimens (01 through 08), the laboratories
(reference and participant) reported negative interpretations
in 431 (89.6%) of 481 results and only 43 (8.9%) and 7 (1.5%)
were reported as indeterminate and positive, respectively
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FIG. 3. Numbers of personnel performing tests according to September 1988 CDC questionnaire.

(Table 1). This gives a calculated analytic specificity for
these specimens of 98.5% when indeterminate results are
considered correct and 89.6% when indeterminate results
are considered incorrect.

Comparison of results by laboratory type revealed that all
types had analytic specificities over 96% when indeterminate
results were considered correct. All but those that did not
report type of laboratory had analytic specificities over 85%
when indeterminate results were considered incorrect.

Laboratories using test kits manufactured by Electronu-
cleonics (10 results) or in-house (27 results) accounted for
86% of the indeterminate interpretations. One positive inter-
pretation each was reported by laboratories using kits man-
ufactured by Biotech, Cellular Products, and an unspecified
manufacturer. Four positive interpretations were reported
by laboratories using in-house reagents. The analytic speci-
ficities for all manufacturers were above 95% when indeter-
minate results were considered correct, and all but one were

45 (54%)

Percentage of Responses

<1 1

15 (18%)

2

Number of Days per Week
FIG. 4. Frequency of IIF HIV-1 testing per week according to September 1988 CDC questionnaire.
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FIG. 5. IIF test reagents or kits used by MPEP participants in 1988. Blank fields in performance evaluations were considered to be

in-house; some laboratories gave multiple responses.

TABLE 1. Analytic specificities and sensitivities of IIF tests

Analytic speci- Analytic sensi-

ficity® when tivity? when
indeterminate indeterminate
Laboratory No.of  resultsare  No.of  results are
or test results  considered:  results  considered:
Incor- Incor-
Correct rect Correct rect
Laboratory type
Hospital 68 97.1 86.8 150 98.0 98.0
Health department 179 994 89.9 650 929 89.4
Blood bank 36 1000 88.9 102 100.0 96.1
Independent 77 96.1 857 159 93.7 88.1
Other® 113 99.1 947 274 964 92.7
Not reported 8 1000 75.0 26 923 923
Total 481 98.5 89.6 1,361 948 914
Test manufacturer or
type
Biotech 22 95.5 81.8 50 100.0 96.0

Cellular Products 29 96.6 93.1 72 79.2 76.4

Electronucleonics 96 100.0 89.6 241 99.2 97.5
In-house 122 96.7 89.3 256 953 949
Noncommercial 8 100.0 100.0 44 955 955
Other ) 49 98.0 939 112 964 87.5
Not reported 155 1000 884 586 939 89.2
Total 481 98.5 89.6 1,361 948 914

“ Analytic specificity, Percentage of tests on negative specimens reported
as negative.

® Analytic sensitivity, Percentage of tests on positive specimens reported as
positive.

¢ Includes multiple responses.

above 88% when indeterminate results were considered
incorrect.

Among the 1,361 results reported by the laboratories for
the undiluted positive donor specimens (09 through 24, 28,
34 through 36, and 40) and for pools P2 and P3 (previously
tested by CDC and interpreted as WB positive), 46 (3.4%)
were interpreted as indeterminate and 71 (5.2%) were inter-
preted as negative. This gives a calculated analytic sensitiv-
ity on these specimens of 94.8% when indeterminate results
are considered correct and 91.4% when indeterminate re-
sults are considered incorrect.

Comparison of results by laboratory type revealed that all
types had analytic sensitivities over 92% when indeterminate
results were considered correct, and all had analytic sensi-
tivities over 88% when indeterminate results were consid-
ered incorrect.

Laboratories using test kits manufactured by Cellular
Products had the lowest analytic sensitivities (76.4%). The
analytic sensitivities for all manufacturers except Cellular
Products were above 94% when indeterminate results were
considered correct and above 87% when indeterminate re-
sults were considered incorrect.

The diluted donor material that CDC tested by WB and
interpreted as positive (29, 30, 33, 37 through 48, P4, and P5)
presented the greatest IIF testing difficulty. Among the 1,063
interpretations reported by the laboratories, 666 (62.7%)
were negative and 144 (13.5%) were indeterminate.

Within-survey reproducibility (Tables 2 and 3) for these
two performance evaluation surveys was 92.6% for negative
specimens, 91.8% for indeterminate specimens, and 93.5%
for positive specimens, for an overall within-survey repro-
ducibility of 92.8%. Between-survey reproducibility (Tables
4 and 5) was 80.5% for negative specimens, 81.6% for
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TABLE 4. Between-survey reproducibility for IIF tests by
laboratory type according to 1988 CDC surveys

No. (%) of: No. (%) of:
Laboratory Laboratory
type Negatives Ingleter- Positives Total type Negatives lnfleter- Positives Total
minates minates

Hospital 17 (88.2) 9 (77.8) 22 (96.2) 48 (89.9) Hospital 5(55.0) 4 (87.5) 8 (96.9) 17 (82.4)
Health department 34 (94.2) 29 (100.0) 63 (91.8) 126 (94.3) Health depart- 17 (83.2) 15 (81.8) 31 (84.9) 63 (83.7)
Blood bank 1(100.0) 2(100.0) 3 (100.0) ment

Independent 15 (86.7) 10 (80.0) 15 (97.4) 40 (89.0) Blood bank 2 (89.0) 2 (80.0) 2 (91.0) 6 (86.7)
Not indicated 2 (100.0) 3 (100.0) 4 (100.0) 9 (100.0) Independent 6 (77.3) 5 (80.0) 6(92.7) 17 (83.5)
Other® 26 (96.2) 21 (90.5) 33 (91.8) 80 (92.9) Other 12 (87.5) 10 (80.0) 15 (89.6) 37 (86.3)
Total 94 (92.6) 73 (91.8) 139 (93.5) 306 (92.8) Total 42 (80.5) 36 (81.6) 62 (88.5) 140 (84.3)

“ Includes multiple responses.

indeterminate specimens, and 88.5% for positive specimens,
for an overall between-survey reproducibility of 84.3%.

DISCUSSION

The fact that about 90% of the laboratories receiving
sample panels or questionnaires reported results suggests
strong support and willingness on the part of most of the
laboratories to participate in programs designed to improve
the quality of HIV-1 antibody testing. The questionnaires
were designed to create profiles of HIV-1 antibody-testing
laboratories and their testing practices. The profiles will be
used to help document and understand changes and trends in
HIV-1 testing and to identify potential barriers to high-
quality testing. By correlating the data obtained from the
questionnaires with the results of the specimen analyses,
CDC will look for variables that might be used to predict
testing quality.

Only about 8% of the 1,416 laboratories in the MPEP
perform IIF testing. The distribution of IIF laboratories
among the states is similar to the total distribution of
laboratories, with IIF laboratories in about three-fourths of
the states. Over one-fourth of the IIF laboratories were
hospital laboratories, with many laboratories being identified
as more than one type of laboratory. Almost two-thirds of
the laboratories who did IIF testing also performed EIA and
WB. Nearly one-third did a combination of EIA and IIF
testing. The IIF laboratories employed fewer personnel and
did testing less frequently on a weekly basis than did EIA or
WB laboratories.

The fact that most of the laboratories doing IIF testing do
not use a commercially available kit prompted the
ASTPHLD HIV committee to recommend the production
and commercial distribution of standardized IIF reagents
and kits for use in supplemental testing (1). The need for

TABLE 3. Within-survey reproducibility for IIF tests by test
manufacturer or type according to 1988 CDC surveys

“ Includes multiple responses.

such standardization is suggested in this paper by the high
percentage of laboratories using in-house kits or tests con-
sisting of components from various manufacturers. AST-
PHLD made two other recommendations related to the use
of in-house or unlicensed reagents that CDC supports. The
first was that in-house procedures and reagents should be
used only as an adjunct to licensed products and that
laboratories using in-house reagents, tests, or procedures
should document that their test is equivalent to currently
available licensed tests for the same purpose. The second
was that, whenever available, licensed procedures should be
the standard against which similar unlicensed procedures are
compared, and where no licensed procedure exists, testing
should conform to a generally accepted protocol.

Among our participants, when specimens found to be
positive by screening tests are referred for supplemental
testing by IIF, more than half the time the laboratory to
which they are referred is the state laboratory. This differs
from EIA and WB testing, for which independent laborato-
ries are the most common recipients of referred specimens.

Analytic specificity (the percentage of reports on negative
specimens that were reported as negative) for these speci-
mens was 98.5% when indeterminate results were consid-
ered and 89.6% when indeterminate results were considered
incorrect. Comparison of results by type of laboratory
showed that all types had analytic specificities over 96%
when indeterminate results were considered correct. All but
those which did not report the laboratory type had analytic
specificities over 85% when indeterminate results were con-
sidered incorrect. The analytic specificities for all manufac-
turers were above 95% when indeterminate results were
considered correct, and all but one were above 88% when
they were considered incorrect.

Analytic sensitivity (the percentage of reports on positive
specimens that were reported as positive) was 94.8% when

TABLE 5. Between-survey reproducibility for IIF tests by test
manufacturer or type according to 1988 CDC surveys

No. (%) of: No. (%) of:
Test manufacturer Test manufacturer
or type Negatives Indeter- Positives Total or type Negatives Indeter- Positives Total
minates minates
Biotech 1 (50.0) 1(0.0) 1 (100.0) 3 (50.0) Biotech 1 (89.0) 1 (100.0) 1(91.0) 3(93.3)
Cellular Products 7 (92.9) 4 (100.0) 8 (86.9) 19 (91.9) Cellular Products 4 (75.0) 2 (100.0) 4 (75.8) 10 (80.3)
Electronucleonics 17 (97.1) 13 (92.3) 25 (97.7) 55 (96.2) Electronucleonics 7 (80.6) 7 (87.1) 11 (95.8) 25 (89.1)
In-house 55(93.7) 48 (93.7) 83 (93.1) 186 (93.4) In-house 24 (77.2) 24 (78.2) 38 (87.9) 86 (82.2)
Noncommercial 2 (100.0) 3 (100.0) 7 (100.0) 12 (100.0) Noncommercial 1 (100.0) 2 (91.5) 3 (94.3)
Other 12 (83.3) 4 (75.0) 15 (88.7) 31 (84.8) Other 5 (95.0) 2 (75.0) 6 (85.8) 13 (87.7)
Total 94 (92.6) 73 (91.8) 139 (93.5) 306 (92.8) Total 42 (80.5) 36 (81.6) 62 (88.5) 140 (84.3)
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indeterminate results were considered correct and 91.4%
when indeterminate results were considered incorrect. Com-
parison of results by type of laboratory showed that all types
had analytic sensitivities over 92% when indeterminate
results were considered correct. All but independent labora-
tories and health departments had analytic specificities over
88% when indeterminate results were considered incorrect.
The analytic sensitivities for all manufacturers except Cel-
lular Products were above 94% when indeterminate results
were considered correct and were above 87% when indeter-
minate results were considered incorrect.

Comparison of percentages of correct responses between
IIF and WB on those samples for which there was good
agreement on the target interpretation revealed no significant
differences.

Within-survey reproducibilities on these two performance
evaluation surveys were about 93% overall and by specimen
type. This is approximately the same as the 94.7% which was
reported by Vercauteren et al. (20). Within-survey reproduc-
ibilities seemed to be about the same regardless of the
specimen reactivity level, but the laboratories seemed to be
able to reproduce results between surveys better when they
tested positive specimens. Between-survey reproducibilities
were about 81% for negative and indeterminate specimens
and 88.5% for positive specimens, for an overall between-
survey reproducibility of 84.3%. Because there are more
potential sources for error between surveys than there are
within surveys, it was expected that between-survey repro-
ducibility would be lower than within-survey reproducibil-
ity; that is what was seen in this study. There did not seem
to be a difference in either within- or between-survey repro-
ducibility among the types of laboratories or test manufac-
turers.

Results from proficiency testing and performance evalua-
tions should be interpreted cautiously, because data from
these programs measure the performances of participating
laboratories under field conditions using samples with dif-
ferent distributions of reactivity levels and cannot be used to
measure the clinical sensitivity or specificity of a given test.
Specimens provided in proficiency testing and performance
evaluation surveys are often pooled human plasma speci-
mens with known levels of reactivity or dilutions of a single
reactive plasma in negative serum. They are rarely fresh
serum specimens from a person with documented disease
status. Some specimens are selected because they exhibit
nonspecific reactivity or are otherwise difficult to test and
interpret; they are not typical of the specimens that will be
handled by the participating laboratories (5).

Another reason for cautious interpretation of proficiency
testing and performance evaluation results comes from the
fact that the target interpretations are based on less-than-
perfect reference standards. Allowance must be made for the
imperfect sensitivities and specificities of the tests used to
establish the target interpretation (17).

In the terms used by Schwartz et al. (17), we have
attempted an estimate of test effectiveness (performance
under average conditions) on these specimens, which is a
more practical measure of performance than test efficacy
(performance under ideal conditions). As they point out, the
effectiveness of a test is always less than its efficacy. The
sensitivities and specificities reported in the package inserts
of commercial test kits are substantially higher than those
from proficiency testing and performance evaluation sur-
veys.

The CDC Model Performance Evaluation Program plans
to continue to provide performance evaluation data concern-
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ing HIV test procedures and products and will expand its
focus to address quality assurance issues related to testing
for other human retroviruses. The importance of this activity
has been addressed by ASTPHLD (1). We concur with
Schwartz et al. (17) that current test performance could be
improved by better standardization of test procedures and
institution of mandatory proficiency testing. Laboratories
are encouraged to participate in proficiency-testing programs
as well as in the CDC performance evaluation program.

As a supplementary test to confirm repeatedly positive
EIA results, the IIF tests offer several practical advantages.
The IIF tests are already being performed in many labora-
tories, especially public health laboratories, and conse-
quently these laboratories can capitalize on existing exper-
tise and equipment to adapt to the HIV-1 procedure. The IIF
tests are usually less expensive than WB procedures. Fi-
nally, the IIF tests are valuable in helping to determine the
status of sera that are still indeterminate after EIA and WB.
The performance data for the IIF tests suggest that, even
though testing is often performed well, improvements could
be made.
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