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Assessment of Laboratory Improvement by the Center for
Disease Control Diagnostic Immunology Proficiency Testing
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ROGER N. TAYLOR* AND KAREN M. FULFORD

Diagnostic Immunology Section, Proficiency Testing Branch, Center for Disease Control, Atlanta, Georgia
30333

The data accumulated from 1969 to 1979 in the Diagnostic Immunology portion
of the Center for Disease Control Proficiency Testing Program were evaluated
for evidence of change in performance among the participating laboratories.
Evidence of improved performance was found for the rubella, rheumatoid factor,
tularemia, quantitative immunoglobulin (immunoglobulin G, A, and M), and
hepatitis B tests. No evidence of change was detected for the streptococcal
enzyme, C-reactive protein, infectious mononucleosis, antinuclear antibodies,
Salmonella and Brucella agglutinins, and syphilis tests. Data obtained from
other tests were inadequate to determine trends. In most tests, deficiencies were

identified which could be corrected and thereby could improve performance. It is
pointed out that proficiency testing not only improves laboratory performance,
but also can be used to evaluate performance levels, identify method, standard,
or performance deficiencies, educate, estimate impact of possible changes, serve

as external quality control, and document changes.

How does proficiency testing relate to labo-
ratory improvement? Under the Clinical Labo-
ratories Improvement Act of 1967, the Center
for Disease Control (CDC) Licensure and Pro-
ficiency Testing Program was given the respon-
sibiity for measuring and improving clinical lab-
oratory performance in the United States. The
goal of the Proficiency Testing portion of the
program is to improve performance by analyzing
test results, detecting deficiencies, evaluating
methods, and disseminating reports and other
pertinent information to the participants.

Proficiency testing was designed to measure
the competence of the analyst at the bench, but
it also measures other factors which can influ-
ence performance, such as the following: (i)
choice of analytical method; (ii) availability of
physical or methodological standards; (iii) pro-
ficiency of the person who prepared the stand-
ards; (iv) reliability of the reagents; (v) instru-
ment design, manufacture, and maintenance;
(vi) adequacy of the internal quality control
program; (vii) correctness of test interpretation;
(viii) accuracy of accessioning samples and re-
cording results; (ix) effectiveness of the profi-
ciency testing process.

Proficiency testing is most valuable as a lab-
oratory improvement tool when the samples are
treated as routine patient samples rather than
given special treatment. Under these conditions,
the test results will reflect the level of perform-

ance achieved with patient samples and, conse-
quently, will be of more value to the laboratory.

Proficiency testing can also function as an
external quality control program. It is one com-
ponent of a total quality control system that
ensures quality performance in a laboratory;
other components are (4) personnel qualification
standards, internal quality control programs,
preventive maintenance of instruments and
equipment, ongoing education and training pro-
grams, periodic re-evaluation and updating of
procedures, and safety programs.
The Diagnostic Immunology portion of the

CDC Proficiency Testing Program functions as
follows. Specimens prepared by CDC personnel
are distributed to licensed and some nonlicensed
(special study and reference laboratories) partic-
ipants. A few laboratories located outside the
United States (primarily World Health Organi-
zation and Pan American Health Organization
laboratories) also participate. In instructions ac-
companying the specimens, laboratories are
asked to have regular laboratory staff members
test the specimens in a routine manner. Each
laboratory is asked to perform only those tests
that its staff offers to the public. Participation
in the program is mandatory for laboratories
that provide interstate testing services.

In this report, data obtained from the Diag-
nostic Immunology Program are summarized for
the purpose of delineating the overall trends and
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changes that became apparent after the accu-
mulation of 10 years of test data was evaluated.

MATERIALS AND METHODS
Most of the sera of plasma used for specimen prep-

aration were purchased from commercial suppliers
under government contract. Other sources donated
pools of human serum of known reactivity in specific
tests. Some animal antisera have been used. The hep-
atitis B surface antigen (HBsAg)-reactive samples
were obtained primarily from blood donors who were
found to have the antigen in their blood.
The Diagnostic Immunology Section of the Profi-

ciency Testing Branch or an appropriate CDC spe-
cialty laboratory, or both, tested the sera for accepta-
bility for use in the program. The Diagnostic Immu-
nology Section or the Virology Section, Phoenix Lab-
oratories Division, determined HBsAg reactivity for
all sera after 1973. Only sera negative for HBsAg by
radioimmunoassay were used for specimens other than
those to be tested for HBsAg. Specimens obtained as
plasmas were defibrinated with calcium chloride or
thrombin.

Details of specimen preparation and tabulations of
results for each survey are included in quarterly sum-
mary analyses (10-13, 18-22) annual critiques (14, 23,
24), and professional journal publications (3, 16, 17,
25-27). Briefly, specimens were adjusted to the desired
reactivity, filtered through sterile membrane filters,
and dispensed into suitable vials or tubes. Many of the
specimens were lyophilized. The adequacy of samples
was confirmed independently by the Diagnostic Im-
munology Section, by other CDC specialty laborato-
ries, and by reference laboratories. A continuous qual-
ity control program ensures that all specimens satisfy
preestablished criteria for sterility, antibody titer and
stability, and between-vial variability.
Each specimen shipment was packaged and mailed

in accordance with postal regulations and included
appropriate instructions and report forms. Completed
reports were to be postmarked within 2 weeks of the
initial shipping date. Responses were compiled and
graded, and individual performance rankings were re-
ported to participants within 3 to 4 weeks after re-
sponses were received. Acceptable responses were de-
termined from reference laboratory results. Overall
response data, which were evaluated and compiled in
sUnma8rY analyses or published as separate reports,
were later sent to all participants.

Periodically, special surveys were prepared to eval-
uate analytes being considered for inclusion in the
routine proficiency testing program. These surveys
were performed by similar methods except that grades
were not determined.

RESULTS
Table 1 shows the Diagnostic Immunology

Program composition and participation levels
from the beginning of the program to the pres-
ent. The rapid growth of the program is readily
apparent. In 1969 the program consisted of 5
analytes; the 1980 program contains 39 analytes.
The number of laboratories participating in the

program has increased tremendously. For some
tests the number of participant laboratories in
1980 is almost 10 times the number in 1969. The
number of challenges per full-service laboratory
increased from 79 to 362 per year.
Table 2 shows the average geometric standard

deviations (SG) as a measure of interlaboratory
precision achieved by the participants for each
analyte by year. The last column is the average
for the analyte. For most analytes there has
been no significant change with time. For many
analytes there are insufficient data to determine
whether a change has occurred. The effect of
increased precision can be determined from Ta-
ble 3, which shows the highest and lowest SG for
each analyte and the effect the SG has on the
95% limits around a representative value. For a
sample with a geometric mean of 1,000 mg of
immunoglobulin G per 100 ml, an SG of 1.23
gives a 2-standard deviation range (95% limits)
of 661 to 1,513. When the SG is decreased to 1.09,
the range becomes 841 to 1,188. This indicates
that more results were closer to the geometric
mean; that is, the interlaboratory precision was
better. The smaller SG values are not always the
most recent value, as can be seen from Table 2.

Interlaboratory comparability of rheumatoid
factor results improved with the introduction of
a rheumatoid factor reference preparation into
the Proficiency Testing Program (3, 17). Figure
1 shows the results that were achieved in one
survey through the use of such a reference prep-
aration. Nonstandardized results had a range of
12 twofold dilutions, but standardized results
had a range of 7 twofold dilutions, with 94% of
the results within one dilution of the median.
Figure 2 shows the improvement in interlabo-
ratory precision over 10 years. Before use of the
standard material, the average SG was 2.84; after,
it was 2.41. This improvement was also docu-
mented by evaluating the percentage of results
within one twofold dilution of the median (Fig.
3). Before introduction of the standard, 74% of
the results were in this range; after introduction
of the standard, 84% were in this range.

Significant improvement was shown in the
performance of the tube test for tularemia (P <
0.01), in which the SG decreased from 2.62 in
1969 to 1.83 in 1979. Performance with the slide
test did not noticeably improve, but because of
the improvement with the tube tests, overall
performance showed some improvement. The
overall SG decreased from 2.50 to 2.08 (P < 0.05).
The major source of variation in the bacterial
agglutination tests is still the antigen, a problem
which has been observed since the beginning of
the program. The need to develop standard an-
tigens for bacterial agglutination tests and to use
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those that are available persists.
Performance with the immunoglobulin quan-

titation tests has improved. The SG for immu-
noglobulin G decreased from 1.23 to 1.09 (P <
0.05); the SG for immunoglobulin A decreased
from 1.44 to 1.13 (P < 0.01); and the SG for
immunoglobulin M decreased from 1.35 to 1.17
(P = 0.05). Improved performance is indicated
in Table 4 by decreases in the percentage of
results outside the acceptable range.
Table 5 shows the percentage of participants

using various serum treatments for rubella he-
magglutination inhibition testing. The percent-
age using the nonstandard kaolin serum treat-
ment for hemagglutination inhibition decreased
from 65 to 22%. This indicates improvement in
performance because the percentage of results
outside the acceptable limits for the kaolin pro-
cedure has consistently been almost double that
for the standard procedures (8, 9). The reason
for some of the fluctuation from year to year is
the differences in width of the acceptable ranges
(see last column).
The trends in test use for syphilis serology are

shown in Table 6. Although syphilis is not listed
in Table 2, the performance (based on grades)
with these tests seems to have been maintained
at a high level.
The variation in substrate sensitivity for anti-

nuclear antibody detection is a problem in stan-
dardizing this test (1). The relative sensitivities
of substrates used in the indirect immunofluo-
rescence tests for antinuclear antibodies were
obtained by ranking the geometric mean titers
reported for the 1975 through 1978 surveys. The
relative sensitivity of each of the substrates,
ranked from highest to lowest, is as follows: rat
liver (most sensitive); mouse brain and mouse

O° kidney; human cell line and mouse liver; rat
kidney, human kidney, and mouse cell line; hu-
man leukocytes; and rat brain (least sensitive).
Within each group the substrates showed no
significant difference in sensitivity. The geomet-
ric mean titers reported with the most sensitive
substrate are typically two to eight times higher
than those reported with the less sensitive sub-
strates. Obviously, this makes comparisons of
results among laboratories difficult. Selection of
a single substrate as a standard or use of a
standard serum should improve comparability
of results with this test.
The importance of adhering to recommended

procedures for streptococcal enzyme tests was
demonstrated by proficiency testing (5-7). Anti-
streptolysin O test results indicated that some
of the variation in results was because many of
the participants were reconstituting the strep-
tolysin reagent with water at room temperature.
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TABLE 2. Average interlaboratory precision by year and analyte
Analyte 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 î"

Rubella
Streptococcal antibodies

Antistreptolysin O
Antideoxyribonuclease B
Multiple enzymes

Rheumatoid factor
Slide
Latex

Total
Infectious mononucleosis

Slide
Heterophile
Ox cell

Antinuclear antibodies
Indirect immunofluores-

cence
Salmonella

Slide
Tube

Total
Brucella

Slide
Tube

Total
Tularemia

Slide
Tube

Total
Immunoglobulin G
Immunoglobulin A
Immunoglobulin M
Toxoplasma

Indirect immunofluores-
cence

Passive hemagglutina-
tion

Complement C3
,11A
,BlA/,lC

Complement C4
Alpha-1-antitrypsin
Weil-Felix

Slide
Tube

Total
Herpesvirus

Indirect immunofluores-
cence

Complement fixation
Cytomegalovirus

Indirect immunofluores-
cence

Complement fixation
Rickettsial antibodies
Complement fixation

Haptoglobin
Ceruloplasmin
Carcinoembryonic antigen

2.29 1.92 1.88 1.90 2.03 1.90 1.86 1.91 1.88 1.89 1.95

1.52 1.80 1.47 1.69 1.54 1.55 1.77
1.62

2.26 1.86

2.16 4.46
2.54 2.31 3.10

3.05 2.66 3.16 2.41 2.87 2.60 3.10

4.38
2.46 2.51 2.06 2.31 2.38
3.01 2.94 2.48 2.30 2.10

1.52
1.44
1.90

1.74
1.92
2.50

2.36b
2.11
3.97

1.88
1.40
1.74

2.83
2.32
2.35

3.90
2.31
1.95

2.62 2.59 3.08 2.30 2.76 2.67

2.07 2.36 2.32 2.56 2.33
2.26 1.84 2.43 2.41 2.34
2.16 2.14 2.46 2.58 2.34

2.75 2.06
2.29 2.09
2.69 2.32

2.13 2.11
2.62 2.20
2.50 2.27

1.75
2.29
2.05

2.26
2.38
2.35

2.17
2.50
2.32

1.23
1.44
1.35

2.17
2.40

2.20 2.26

1.84
1.88
1.88

1.23 1.23
1.37 1.23
1.35 1.28

2.16
2.48
2.33

1.90
1.96
1.94
1.17
1.28
1.30

1.94
2.47
2.27

2.12
1.83
2.02
1.17
1.22
1.30

3.28 2.70 2.86 3.20 2.94 2.37 2.89

2.41 2.91 1.97 2.97 2.35 2.24 2.48

1.40
1.28
1.30
1.20

2c

2.26

1.59

2.31
1.32
1.68
2.06

a Average geometric standard deviation.
b Heterophile equivalent only.
c Not available.

1.65
1.46
1.80

2.84
1.91
2.39

3.95
2.26
2.82

1.64
1.48
1.82

2.81
2.35
2.71

4.08
2.30
2.68

2.06
2.21
2.10

2.33
1.83
2.08
1.09
1.13
1.17

2.13
2.33
2.23

2.08
2.10
2.15
1.19
1.28
1.29

1.29
1.25
1.28
1.24

2.18

1.18
1.22
1.26
1.29

1.80
2.38
2.10

3.78

1.92

2.41

2.44
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TABLE 3. Change in limits with change in
interlaboratory precision

Interlabo-
Aiudyite Selected ratory SG2 luits

value precision (95% limits)
(SG)

Rubella 16 2.29 3-84

Toxoplasma
Indirect immuno-

fluorescence
Passive hemag-

glutination

Heterophile

Ox cell hemolysin

Antinuclear anti-
bodies

Rheumatoid factor

Antistreptolysin O

Antideoxyribonu-
clease B

Immunoglobulin G

Immunoglobulin A

Immunoglobulin M

Complement C3
(flA)

Complement C3
(filA/,BlC)

Complement C4

Alpha-1-antitrypsin

Brucella

Tularemia

Salmonella

Weil-Felix

256 3.28
2.37

256 2.97
1.97

56 2.51
2.06

40 3.97
1.95

40 3.08
2.30

80 3.10
2.39

170 1.88
1.47

170 1.62
1.44

1,000 1.23
1.09

210 1.44
1.13

150 1.35
1.17

50 1.40
1.18

100 1.28
1.22

30 1.30
1.26

300 1.29
1.20

160 2.69
2.05

160 2.50
1.88

160 2.58
2.14

160 2.26
2.10

140
120
100
80
60
40
20

1.86 5-55 e
CE

24-2,754
45-1,438
29-2258
66-994

9-353
13-238

2-630
10-152

4-379
8-212

8-769
14-457

48-601
79-367

65-446
82-352

661-1,513
841-1,188

101-435
164-268

82-273
110-205

26-98
36-70

61-164
67-149

18-51
19-48

180-499
208-432

22-1,158
38-672

26-1,000
45-566

24-1,065
35-733

31-817
36-706

g

E
z

280
260
240
220
200
180
160
140
120
100
80
60
40
20

Nonstandardized
Variance = 4.21

-128-64 . 32 * 16 .8 -.4 *2

Standardized Values
Variance = 0.93

i
x2 x4 x8 x16

*8 +4 -2 1 x2 x4 x8
Dilutions Expressed as Multiples or Fractions of the

Median Value

FIG. 1. Distribution of rheumatoid factor test re-
sults.

This produced significantly elevated titers com-
pared with results obtained when cold water was
used (26). Departure from the recommended
method of mixing slide tests for multiple strep-
tococcal antibodies was shown to be a factor in
some erroneous results. Improvement in per-
formance occurred after consultation with the
reagent manufacturer and modification of the
instructions for performing the test.
HBsAg results are divided according to the

sensitivity category (generation) into which the
test belongs. A first-generation test is one capa-
ble of detecting those HBsAg-positive sera des-
ignated "A" in the Food and Drug Administra-
tion, Bureau of Biologics, reference panel (2); a
second-generation test detects sera designated
"A" and "B"; and a third-generation test detects
all HBsAg-positive sera in the panel ("A", "B,"
and "C"). Agar gel diffusion is a first-generation
test; rheophoresis, counter-immunoelectropho-
resis, complement fixation, and some reverse
passive latex agglutination tests are second-gen-
eration tests; and radioimmunoassay, reverse
passive hemagglutination, enzyme immunoas-
say, and some reverse passive latex agglutination
tests are third-generation tests.
Samples containing low-reactivity levels of

HBsAg may or may not be detected by second-
generation tests. These kinds of samples are
deliberately included in CDC hepatitis surveys
to emphasize the importance of using third-gen-
eration tests by demonstrating their superior
sensitivity over second-generation tests. The ex-
clusive use of a second-generation test has been
the most common reason for erroneous results.

na.~ - - . . . - -- -IL-1 1ILl-U.
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1971 1972 1973 1974
Standeff
Introduced

FIG. 2. Interlaboratory comparability ofrheumatoid factor results.

100 r

901-

su

1970 71 72 73 74 75 76 77 78 79
Standard
Introduced

FIG. 3. Performance in CDC diagnostic immunology testing for rheumatoid factor from 1970 to 1979.

Table 7 shows the difference in the number and
percentage of laboratories correctly detecting
HBsAg in proficiency testing samples according
to the sensitivity of the test used. Figure 4 and
Table 8 show the changes that have occurred in
the sensitivities and numbers of tests used by
participants to detect HBsAg since the begin-
ning of the CDC Proficiency Testing Program.
In addition, Table 8 shows the changes in use of
individual tests. At the beginning of the pro-
gram, 52.1% of the participants were using first-
generation tests, but the number diminished

quickly as other tests became available, until
less than 1% were using first-generation tests by
1979.
Second-generation tests were used by 97.9% of

the participants in July 1971, and this level was
maintained until April 1973, when the percent-
age started to decline. By 1979 it had dropped
to less than 10%. Of the second-generation tests,
the counterimmunoelectrophoresis test has al-
ways been the most popular. It was used by
79.8% of the participants in the beginning of our
program, and that level was maintained or in-
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TABLE 4. Performance of laboratories in
immunoglobulin quantitation

Inmnunoglobu- Results (%) outside acceptable range

lin 1976 1977 1978

Immunoglob- 83 (219)' 37 (306) 11.5 (313)
ulin G

Immunoglob- 59 (278) 42.5 (313) 20.5 (328)
ulin A

Immunoglob- 59 (278) 31 (315) 23 (328)
ulin M
a Number of participants is given in parentheses.

TABLE 5. Performance of laboratories in
quantitation of rubella hemagglutination inhibition

antibody
% of laboratories with
results outside accept- Avg width

% of labo- able range of accepta-
Yr ratories us- ble range

ing kaolin Kaolin Standard (2-fold dilu-
method method tions)

(8, 9)

1971 59 11.9 3.4 2.4
1972 35 13.6 8.0 2.0
1973 65 52.0 29.8 1.0
1974 60 64.7 36.2 1.0
1975 54 7.8 6.7 3.0
1976 56 39.0 20.0 2.1
1977 44 59.7 31.9 1.0
1978 28 31.5 19.5 1.8
1979 22 54.7 34.8 1.0

Avg 37.2 21.1 1.7

creased until after the radioimmunoassay tests
were licensed (July 1972) and became more
prevalent. The complement fixation test has
slowly declined in popularity, with 18.1% of the
laboratories using it in 1971, but none are using
it at present. Rheophoresis was first used by
participants in our program in February 1972
but was never used by more that about 10% of
the laboratories. The latex tests were first used
by participants in October 1974, and the levels
of use are stili quite low. After their licensure,
radioimmunoassay tests were quickly incorpo-
rated into the arnamentarium of laboratory
tests, and now they are used by about 90% of
the laboratories. Essentially all of the laborato-
ries in the CDC program now use at least one
third-generation test. The Food and Drug Ad-
ministration requirement for third-generation
testing, which was proposed in July 1974, prob-
ably stimulated the use ofradioimmunoassay by
laboratories with the ability to do so and was
undoubtedly instrumental in encouraging adop-
tion of the reverse passive hemagglutination
tests. At the present time, the reverse passive
hemagglutination, enzyme-linked immunosor-
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3rd Generation

Multiple Tests-

t Geern Generation

}!1stGene00tion \ /-

/ .....

1971 1972 1973
1

1974 1975 1976 1977 1978 1979

FIG. 4. Tests used by participants in the CDC Proficiency Testing Program for HBsAg. *Multiple tests=
number of tests used expressed as the percentage in excess of 100% of the number of laboratories: [(number of
tests - number of laboratories)/number of laboratories] x 100.

TABLE 7. Sensitivity of second- and third-
generation tests for detecting HBsAg-positive sera

Results on Proficiency Testing samples

2nd-generation tests 3rd-generation tests
Yr

No. of % Cor- No. of % Cor-
laborato- ret laborato-

rcries ries

1975 114 79 206 99

1976 90 60 238 99
53 62 251 95

1977 48 66 274 98
48 80 273 99

1978 27 97 281 99
33 79 276 96

1979 5 60 322 99

Avg % cor- 72 98
rect

bent assay, and some latex tests are the only
alternatives for HBsAg testing available to lab-
oratories that do not have radioimmunoassay
capability.
Probably as a result of improvement in the

third-generation tests, as well as increased use

of these tests, the number of laboratories per-

forming multiple tests has decreased. Initially,
there were 141 tests used in 94 laboratories, or

a 50% excess of tests over laboratories. As the
number of first-generation tests decreased, so
did the number of multiple tests, but when the
radioimmunoassay tests were introduced, the
number of multiple tests increased because the
standard second-generation tests were retained
until the laboratorians could develop some con-

fidence in the new procedures. After April 1973,
the number of multiple tests resumed its decline,
until 1975 when the level stabilized at about 10%
excess. Because of the greater sensitivity of the
third-generation tests, there can be little doubt
that the changes from first- and second-genera-
tion tests to third-generation tests represent sig-
nificant laboratory improvement. The decrease
in multiple testing is also an improvement in
terms of cost, and although some of the partici-
pants used two third-generation tests, no signifi-
cant differences were observed in their overall
results compared with results from laboratories
that used only one third-generation test.
A summary of the changes which have oc-

curred in laboratory performance is shown in
Table 9. Of the 29 analytes listed, there was

evidence of improvement in 7 and no apparent
change in 10. Of the 10 with no change, 4 had
relatively high performance levels compared
with other serological tests. For 12 of the ana-

lytes there were insufficient data to determine
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TABLE 8. Changes in tests used by participants in the CDC Proficiency Testing Program for HBsAg
% of participating laboratories using test

Date lst-gener- 2nd-generation tests 3rd-generation tests Multiple
ation test

tlTtab tsi4(AGD) Rheo CEP CF RPLA Totab RIA RPHA Totalb testmg

July 1971 52.1 0.0 79.8 18.1 0.0 97.9 0.0 0.0 0.0 150.0
Feb. 1972 33.6 2.6 87.9 13.8 0.0 104.3 0.0 0.0 0.0 137.9
Oct. 1972 15.3 4.2 87.4 7.4 0.0 98.9 11.0 0.5 11.6 125.8
Apr. 1973 11.1 9.9 88.0 3.4 0.0 101.7 30.9 2.6 33.5 146.3
Oct. 1973 7.0 8.6 73.7 2.9 0.0 86.0 36.6 1.2 37.9 130.9
Apr. 1974 6.3 7.5 64.8 2.0 0.0 74.7 40.7 2.0 42.7 123.7
Oct. 1974 2.7 10.7 53.6 1.8 4.9 71.9 44.6 4.0 48.7 123.1
Apr. 1975 2.5 6.2 33.9 1.5 6.6 48.9 51.5 8.4 59.9 111.3
Oct. 1975 1.6 4.6 24.3 1.0 7.6 37.5 57.2 10.5 67.7 106.9
Apr. 1976 1.1 3.6 17.9 0.0 0.7 32.8 73.4 13.5 86.9 120.8
Sept. 1976 0.8 1.9 12.6 0.0 5.7 20.2 82.1 13.7 95.8 119.1
Apr. 1977 0.4 2.1 8.6 0.0 6.4 17.1 83.2 14.6 97.9 115.0
Aug. 1977 0.0 1.8 6.6 0.0 7.3 15.8 83.9 14.7 98.2 113.9
May 1978 0.7 1.5 5.6 0.0 3.0 10.0 88.1 15.2 104.1 114.8
Sept. 1978 0.0 _d _ 0.0 - 11.9 84.8 14.4 99.3 110.8
Apr. 1979 0.0 - 1.7 0.0 5.5 9.0 90.0 12.5 102.4 111.1
Aug. 1979 0.0 - 2.1 0.0 4.6 9.6 90.7 13.2 103.9 111.0

a AGD, Agar gel diffusion; Rheo, rheophoresis; CEP, counterimmunoelectrophoresis; CF, complement fixa-
tion; RPLA, reverse passive latex agglutination; RIA, radioimmunoassay; RPHA, reverse passive hemaggluti-
nation.

b Total includes other tests not specifically listed.
C [(Number of tests - number of laboratories)/number of laboratories] x 100.
d -, Not available.

whether changes had occurred. For most of the
analytes, valuable information was derived from
the proficiency testing program which permitted
improvement in laboratory performance or
could permit it in the future.

DISCUSSION
The syphilis serology evaluation survey which

was conducted in 1934 was a predecessor of
proficiency testing (29). The evaluation survey
differs from a proficiency test in that the primary
purpose of the former is to obtain statistical data
concerning the sensitivity, specificity, and repro-
ducibility of the tests, whereas the primary pur-
pose of the latter is to measure the level of
proficiency of the laboratories. In 1936 the Ve-
nereal Disease Research Laboratory developed
a proficiency testing program in its efforts to
assure good laboratory results in syphilis serol-
ogy. Another evaluation survey of serological
tests for syphilis was completed just before
World War II. After World War II, interest was
again aroused in measuring the proficiency of
laboratories and the reliability of tests. In 1947
and 1948, the first College of American Pathol-
ogists survey was conducted but the results were
not published. The first formal proficiency test-
ing program was provided by the College of
American Pathologists in 1949. In that same

year, the American Association of Bioanalysis
also provided their first proficiency testing pro-
gram. These early evaluation and proficiency
testing surveys emphasized the need for better
training and education for laboratorians, better
standard reference materials and methods, and
continuous surveillance.
The classic (and probably the last) evaluation

survey was conducted in 1956-1957 by CDC (29).
In this study, 1,298 sera were collected from
individual donors in various disease categories,
and each serum was then tested by 38 test
procedures in 20 laboratories. The results indi-
cated the sensitivity, specificity, and reproduci-
bility of each test. Because ofthe logistical prob-
lems, cost, and other limitations, it is unlikely
that this type of evaluation survey will be con-
ducted in the future, but proficiency testing can
provide similar data (15).

In 1967, the Clinical Laboratories Improve-
ment Act, which required that all laboratories
involved in interstate testing be licensed, was
passed. One of the licensure requirements is
satisfactory performance in a proficiency testing
service. To provide this testing, CDC expanded
the Laboratory Improvement program, which
had previously been assigned to the Bureau of
Laboratories.

Since that time, the CDC Proficiency Testing
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TABLE 9. Changes in laboratoryproficiency as measured by the CDC program

Analyte No. of yr in Status Commentsprogram

Rubella hemagglutination
inhibition

Antistreptolysin O

Antideoxyribonuclease B

Multiple streptococcal en-
zymes

Rheumatoid factor

C-reactive protein

Infectious mononucleosis

Antinuclear antibodies

Salmonella agglutination

Brucella agglutination

Tularemia agglutination

Rickettsial antibodies

Toxoplasma antibodies

Immunoglobulins G, A,
and M

Immunoglobulin D

Immunoglobulin E

Complement (C3, C4)

Alpha-1-antitrypsin

il Improvement but more
needed

10 No change evident

4 No change evident

7 No change evident

10 Improvement

5 No change evident

il No change evident

5 No change evident

No change evident

No change evident

Improvement

2 Unknown

6 No change evident

7 Improvement

2 Unknown

2 Unknown

2 Unknown

2 Unknown

Shift to standard serum treatments.
Method differences still cause most in-
terlaboratory variations.

Interlaboratory comparability better than
most serological tests. Adherence to pub-
lished procedures could improve results
further.

Interlaboratory comparability better than
most serological tests. Adherence to pub-
lished procedures could improve results
further.

Interlaboratory comparability better than
most serological tests. Adherence to pub-
lished procedures could improve results
further.

Resulted from introduction of reference
material.

Methods differ substantially in sensitivity.
Need to be standardized.

Quantitative results of slide tests and ox
cell hemolysin test need to be standard-
ized.

Substrate differences cause most interlabo-
ratory differences. Adoption of standard
substrate or use of a standard serum
would probably result in substantial im-
provement.

Standard antigen and antiserum needed.

Use of available standards needs to be en-
couraged.

Improved interlaboratory comparability
with the tube. Standard antigen and an-
tiserum are still needed.

Inadequate data

Interlaboratory comparabiity improved.
Some standardization problems. Manu-
facturer's secondary standards not com-
parable.

Inadequate data

Inadequate data

Inadequate data

Inadequate data
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TABLE 9-Continued

Analyte No. of yrin Status Commentsprogram

Alpha-2-macroglobulin 2 Unknown Inadequate data

Haptoglobmin 2 Unknown Inadequate data

Ceruloplasmin 2 Unknown Inadequate data

Transferrin 2 Unknown Inadequate data

Carcinoembryonic antigen 4 Unknown Inadequate data

Mycotic serology 1 Unknown Inadequate data

Syphilis serology 30 (?) No change High proficiency level maintained.

Hepatitis B 9 Improvement Shift to almost exclusively third-generation
tests and decrease in the frequency of mul-
tiple testing.

Program and state and private programs have
grown substantially not only in numbers of par-
ticipants, but also in the extent and complexity
ofthe programs. For example, in 1969 there were
89 laboratories in CDC's syphilis serology pro-
gram and 152 laboratories in the nonsyphilis
serology program. In 1979, there were over 500
laboratories in the syphilis program, about 375
in the hepatitis program, and well over 1,000 in
the immunology program. Also, the number of
analytes in the program increased from 5 in 1969
to 39 at the present time (Table 1).
The Diagnostic Immunology portion of the

CDC Proficiency Testing Program includes a
wide variety of immunological tests. The tests
that are included depend on (i) the number of
laboratories that provide the tests, (ii) the num-
ber of tests performed per year, (iii) the impor-
tance of the test in diagnosis or treatment of
disease, (iv) the degree of difficulty in obtaining
useful results, and (v) the availability of re-
sources.

Proficiency testing programs can be used to
stimulate improved performance by means other
than strict evaluation. Data obtained through
surveys can be used to estimate results that
might be expected with patient specimens in
situations where reactivity levels are comparable
to the samples of the survey. Documentation of
the improvement in comparability of results ob-
tained with standardized methods or reagents
can be used by laboratories and manufacturers
to increase the usefulness ofserological test data.

Standardization in serological tests is encour-
aged by the Proficiency Testing Program. Ref-
erence laboratories are selected from laborato-
ries which use standard methods when they are
available, and participants are urged to consider

adopting them for use in their laboratories. Use
of standards or reference materials is also rec-
ommended when they are available. The results
from laboratories using standardized methods or
reference materials are generally more compa-
rable than results from other laboratories.

It appears from analysis of data in this report
that proficiency testing per se did not result in
a significant general improvement, but substan-
tial improvement resulted in those areas given
special consideration. In many cases the reason
for poor performance is beyond the control of
the laboratorian and sometimes is even beyond
the control of the reagent manufacturers. For
example, when there is lack of standardization,
laboratorians and manufacturers can do very
little to improve interlaboratory comparability.
In these areas, professional consensus needs to
be obtained on reference methods and materials.

In some areas it appears that even though
there was no evidence of improvement, the cur-
rent performance level may satisfy medical re-
quirements. Since no such limits have been
clearly specified, we do not know if these needs
have been met. Again, professional consensus
needs to be obtained on performance levels re-
quired for medical application of the data from
immunologic tests.

Laboratories other than those directly in-
volved in the Proficiency Testing Program have
also benefited from the program. Some profi-
ciency testing efforts may have resulted in im-
proved laboratory performance that is not de-
tectable by conventional evaluation methods.
For example, a quality control monograph was
distributed to try to stimulate the establishment
of better quality control procedures in labora-
tories and thereby eliminate some aberrant re-
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sults on patient samples (28). The publication of
a comparison between the kinetic and endpoint
methods for serum protein quantitation by ra-
dial immunodiffusion may have resulted in
change to quicker methods (18). Information
about how laboratories are performing with
commercial products has been made available
to manufacturers, and improvements have been
made in some products and package inserts. The
total impact of proficiency testing surveys has
not yet been measured.
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