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Interpretation of Spectrophotometric Absorbance Values to
Define Results of Enzyme-Linked Immunosorbent Assays
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An enzyme-linked immunosorbent assay method was used to classify bovine
serum as positive, negative, or doubtful for antibodies to Brucella abortus.
Spectrophotometric data from assays of 64 serologically positive and 32 serolog-
ically negative bovine sera were analyzed statistically to define the range of
spectrophotometric absorbance values which classify sera. Statistical analysis
indicated that absorbance values <0.08 should be considered negative and values
>0.14 should be considered positive, with intermediate values declared doubtful,
and that the probability of erroneously classifying a positive serum as negative or
a negative serum as positive is less than 0.005.

Serological assessment of Brucella abortus
infection in cattle has been contingent upon
results of agglutination and complement fixation
assays (1). However, agreement among serolog-
ical methods is influenced by vaccination status,
subclasses, and affinity characteristics of immu-
noglobulins, immune complexes, and, possibly,
other immunological factors (2, 3), making inter-
pretation of serological results at best inconclu-
sive.

Recently, immunoenzyme methods have been
recognized as useful serological tools for deter-
mining epidemiological indices applicable to
viral, bacterial, and parasitic infections (10, 11,
14, 15) and for the detection of toxins in foods
for human consumption. However, the methods
for interpreting results from enzyme-linked im-
munosorbent assays (ELISA) are without defi-
nition and are, therefore, completely arbitrary.
Voller and Bidwell (15) expressed the results as
spectrophotometric absorbance values (SAV) of
unknown sera compared to the SAV of positive
reference sera. To interpret their results, Byrd
et al. (3) used differences in percent transmission
of unknown and control sera expressed as ex-
tinction values. Saunders and Clinard (10) em-
ployed a signal-to-noise ratio, and Locarnini et
al. (5) used a positive/negative ratio to express
ELISA results. Visual interpretation of color, as
used by Thoen et al. (13), apparently was satis-
factory for interpreting enzyme immunoassays
for detecting the A and M antigens in brucellae.
However, Ruitenberg et al. (7) recognized the
need for assessing data generated by an ELISA
method by a different procedure if ELISA is to
be used for large-scale testing purposes.
The objectives of this study were to define

positive and negative ELISA results in terms of
398

SAV and to demonstrate by statistical evalua-
tion of ELISA results that SAV occur between
positive and negative values and should be clas-
sified as doubtful.

MATERIALS AND METHODS

Positive sera. Sixty-four bovine sera, which were
positive for B. abortus antibodies when tested by card,
rivanol, standard tube agglutination, and complement
fixation methods according to criteria previously de-
scribed (F. C. Heck, J. B. Williams, R. P. Crawford,
and A. I. Flowers, J. Hyg., in press), were designated
positive sera. ELISA readings were determined on
these sera by replicate testing at two different times,
and the SAV were used to represent serologically
positive absorbance values. All sera were tested at a 1:
20 dilution in Tween-saline.
Negative sera. Thirty-two sera which were nega-

tive for B. abortus antibodies when tested by the card,
rivanol, standard tube agglutination, and complement
fixation methods according to criteria previously de-
scribed (Heck et al., in press) were selected as serolog-
ically negative sera. All sera were tested by ELISA at
a 1:20 dilution made in Tween-saline. ELISA readings
were obtained on these sera after replicate tests were
conducted at two different times, and the SAV were
used to represent serologically negative absorbance
values. Additionally, 170 sera which were obtained by
sampling 10 cows negative for B. abortus for 17 con-
secutive days were tested by the ELISA method at
two different dilutions, 1:3 and 1:20.

Test reproducibility. Twenty-five bovine sera
which had SAV between 0.02 and 0.44 were tested in
triplicate (replicate (R) 1, R2, and R3) in a double-
blind study to evaluate the reproducibility of the
ELISA method. The data were analyzed by the paired
t-test to test the hypothesis that the mean difference
was zero.

Antigen. Soluble B. abortus antigens, lot 3 and lot
14, were kindly supplied by D. E. Pietz, USDA, Vet-
erinary Services Laboratory, Ames, Iowa. Optimum
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antigen concentrations for each lot were determined
as described by Ruitenberg et al. (8). Absorbance
values for Rl were obtained, using lot 3 antigen (5.3
mg of protein per ml) diluted 1:1,000, and absorbance
values for R2 were obtained using lot 14 antigen (4.3
mg of protein per ml) diluted 1:750. Antigen was added
(50 jl) to each well of a microtiter plate (Linbro-
Titertek; Flow Laboratories, Hamden, Conn.) and al-
lowed to dry overnight at 37°C.
Enzyme-conjugated anti-immunoglobulin. Ly-

ophilized rabbit anti-bovine immunoglobulin G (Miles
Laboratories, Inc., Elkhart, Ind.) was reconstituted in
5 ml of sterile water and precipitated with 70% am-

monium sulfate (2). The precipitated protein was sus-

pended to the original volume in 0.85% saline and
dialyzed for 24 h against several changes of 0.01 M
phosphate-buffered saline, pH 7.2. The antibody pro-

tein solution was lyophilized and stored at 4°C. Five
milligrams of antibody protein was labeled with type
VI horseradish peroxidase by the method of Nakane
and Kawaoi (6). Optimum conjugate concentrations to
insure low background and consistent absorbance val-
ues with a known standard positive serum were deter-
mined by titration by the methods of Ruitenberg et al.
(8). Conjugate concentrations for determining absorb-
ance values for RI and R2 were 1:750 and 1:500,
respectively.
ELISA test protocol. The ELISA was conducted

as previously described (3) with the exception that in
place of 5-amino-salicylic acid the indicator used in
the substrate was 2,2'-azino-di-(3-ethyl-benz-thiazo-
line sulfonic acid) diluted in citric acid, pH 4.0. Color
development was arrested by the addition of 0.1 ml of
0.01 M hydrofluoric acid. Absorbance values were read
at 414 nm.

Statistical analysis. Absorbance values of serolog-
ically positive sera were recorded as positive replicate
1 (PR1) and PR2. Absorbance values from ELISA of
serologically negative sera were recorded as negative
replicate 1 (NR1) and NR2. The statistical parame-
ters-means, standard deviations, standard errors of
the mean, confidence limits, and t-tests-were calcu-
lated from ELISA data by the methods of Steel and
Torrie (12).

RESULTS
Reproducibility. Data which were obtained

by testing 25 sera in triplicate were analyzed by
the paired t-test (4) to test the hypothesis that
the mean difference was zero (Table 1). Means
for the three possible differences, D12 (Rl minus
R2), D31 (R3 minus Rl), and D32 (R3 minus
R2), were 0.0140, 0.0049, and 0.0079 (Table 2).
The 0.99 confidence interval for all 3 means
included zero (Table 2); therefore, the hypothe-
sis that no difference exists among SAV on the
3 replicates is acceptable and the reproducibility
of SAV is supported. The maximum absolute
deviation of SAV was 0.1, which occurred in a

sample with an Rl ELISA reading of 0.42. Dif-
ferences between SAV >0.02 occurred only in
positive samples with initial SAV -0.18 (Table
1).

TABLE 1. Absorbance values and differences
between absorbance values from 25 serum samples

used to demonstrate test reproducibility
Absorbance value

Sam- (triplicate)
ple

Rl R2 R3

1 0.02 0.02 0.02
2 0.18 0.18 0.20
3 0.03 0.04 0.03
4 0.03 0.02 0.04
5 0.02 0.03 0.04
6 0.04 0.04 0.04
7 0.40 0.40 0.40
8 0.34 0.26 0.34
9 0.02 0.04 0.04
10 0.02 0.02 0.02
11 0.04 0.04 0.05
12 0.40 0.36 0.42
13 0.26 0.21 0.25
14 0.31 0.31 0.37
15 0.32 0.34 0.30
16 0.22 0.20 0.28
17 0.42 0.36 0.44
18 0.18 0.18 0.12
19 0.03 0.03 0.03
20 0.42 0.34 0.44
21 0.31 0.26 0.31
22 0.02 0.03 0.02
23 0.40 0.40 0.44
24 0.18 0.16 0.18
25 0.39 0.38 0.43

Difference between ab^
sorbance values

D12 D31 D32

0.00 0.00 0.00
0.00 0.02 0.02

-0.01 0.00 -0.01
0.01 0.01 -0.02

-0.01 0.02 -0.01
0.00 0.00 0.00
0.00 0.00 0.00
0.08 0.00 0.08

-0.02 0.02 0.00
0.00 0.00 0.00
0.00 0.01 0.01
0.04 0.02 0.06
0.05 -0.01 0.04
0.00 0.06 0.06

-0.02 -0.02 -0.04
0.02 0.06 0.08
0.06 0.02 0.08
0.00 -0.06 -0.06
0.00 0.00 0.00
0.08 0.02 0.10
0.05 0.00 0.05

-0.01 0.00 -0.01
0.00 0.04 0.04
0.02 0.00 0.02
0.01 0.04 0.05

TABLE 2. Confidence intervals for the mean
differences between three absorbance values for

randomly chosen seraa
Stan-ta- Confi-Mean dard CniSam- Ma drd dence in-Sam- n differ- error of terval Data range

ence the (=0.01)
mean

D12 25 0.0140 0.0058 0 to 0.03 -0.02, 0.08
D31 25 0.0100 0.0049 0 to 0.02 -0.06, 0.06
D32 25 0.0240 0.0079 0 to 0.05 -0.10, 0.06

a Absorbance values and differences between absorbance
values are presented in Table 1.

Statistical analysis of serologically posi-
tive and negative sera. In Table 3 we present
the results of a statistical analysis on the absorb-
ance values from 64 positive and 32 negative
sera. These same sera were tested at two differ-
ent times with different lots of the same antigen
preparation to yield replicates of the positive
and negative samples. The confidence limits
were calculated by using a one-tailed t-test at
the 0.005 probability level.
The confidence limits calculated for the posi-

tive replicates indicate that the probability of an
absorbance value for a positive sample being
<0.11 for PR1 (Fig. 1) or <0.08 for PR2 (Fig. 2)
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TABLE 3. ELISA results from sera ofknown
serological status

One- Coef-
Sero- Stan- tailed fi-

logical n Mean dard confi- cient
stcatus n Meandevia- dence Data range of

tion limit vari-
(0.995) ation

PR1 64 0.3655 0.0960 0.1101 0.05 to 0.52 26.26
PR2 64 0.2797 0.0764 0.0765 0.03 to 0.39 27.31
NR1 32 0.0506 0.0324 0.1397 0.00 to 0.15 64.03
NR2 32 0.0534 0.0198 0.1079 0.02 to 0.10 37.08

is <0.005. For negative replicates the confidence
limits indicate that the probability of a SAV for
a negative sample being >0.14 for NR-1 (Fig. 1)
or >0.11 for NR2 (Fig. 2) is <0.005. For PR1 and
NR1, a SAV >0.11 and <0.14 (Fig. 1) or for PR2
and NR2, a SAV >0.08 and <0.11 (Fig. 2) is
considered doubtful. For serologically negative
sera (i.e., NR1) we expect 95% of the population
to have a SAV c0.11 and 0.5% of the population
to have a SAV '0.14 and, therefore, to be erro-
neously classified as positive (Fig. 1), leaving
4.5% of the population classified as doubtful. For
serologically negative sera (i.e., NR2), we expect
90% of the population to have a SAV '0.08 and
0.5% of the population to have a SAV 0.11 and
be erroneously classified as positive. The re-
maining 9.5% of the population would be classi-
fied as doubtful (Fig. 2).

For serologically positive sera (i.e., PR1) we
expect 99% of the population to have a SAV
-0.14 and 0.5% of the population to have a SAV
c0.11 and be erroneously classified as negative.
The remaining 0.5% of the population would be
classified as doubtful (Fig. 1). For serologically
positive sera (i.e., PR2) we expect 98.5% of the
population to have a SAV -0.11 and 0.5% of the
population to have a SAV '0.08 and be erro-
neously classified as negative. The remaining
1.0% of the population would be classified as
doubtful (Fig. 2).

Statistical analysis of ELISA results from se-
rologically negative sera tested at 1:3 and 1:20
dilutions are presented in Table 4. The SAV on
sei-a tested at a 1:3 dilution were generally higher
than the SAV on sera tested at a 1:20 dilution.
However, data from sera tested at a 1:20 dilution
support the data in Table 1 regarding the values
expected for serologically negative sera. Fur-
thermore, the ELISA results on 170 sera from
10 cows negative for B. abortus support the
results of the study of reproducibility shown in
Table 2.

DISCUSSION
The nature of the ELISA method is such that

there is a gradual change from negative to posi-
tive serological classification based on increasing

SAV-0 11 .14 -. 60

FIG. 1. Proportional distribution of serologically
positive and serologically negative sera, replicate 1,
classified as ELISA-positive, -negative, and -doubt-
ful.
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FIG. 2. Proportional distribution of serologically
positive and serologically negative sera, replicate 2,
classified as ELISA-positive, -negative, and -doubt-
ful.

TABLE 4. Analysis ofELISA test results from two
different dilutions of sera collected for 17

consecutive days from each of 10 B. abortus-
negative cattle

Dilution n Mean Standard CVa Upperdeviation limit

1:3 170 0.0804 0.0331 41.17 0.1574
1:20 170 0.0269 0.0107 39.78 0.0518
a CV, Coefficient of variation, which expresses the

standard error as a percentage of the mean, and is
used to express relative variation between the two
dilutions.

SAV. After statistical analysis of the SAV from
serologically positive and negative sera, defini-
tion of serum as ELISA-positive, -negative, or
-doubtful was achieved. Lower SAV are consid-
ered negative; higher SAV are considered posi-
tive. Sera for which the SAV fall into the inter-
mediate range are considered doubtful.
The reliability of the ELISA procedure, that

is, the ability to repeat absorbance values from
tests conducted at different times, is good. This
is confirmed by the fact that mean differences
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expressed in Table 2 are not significantly differ-
ent from zero. Therefore, any difference between
mean absorbance values must be considered a
real difference and not a difference due to ex-
perimental error.
The differences, represented in Table 3, be-

tween the means of the samples known to be
serologically positive or negative are attributed
in part to the different lots of antigen used to
test the replicate samples. Although the means
are different, the coefficients of variation of the
two positive replicates are almost identical,
which indicates the same relative variation in
SAV. The coefficients of variation of the nega-
tive replicates are large as a result of the low
absorbance values which are characteristic of
negative sera. Small changes in SAV are re-
flected in large percent values at the low end of
the negative scale.

Figures 1 and 2 show that SAV on serolog-
ically negative sera were <0.11 or <0.08 and,
therefore, they should be considered ELISA-
negative. Similarly, SAV on serologically posi-
tive sera were >0.11 and >0.14, respectively, and
therefore they should be considered ELISA-pos-
itive. However, we chose to use conservative
figures to define SAV as positive, negative, or
doubtful. These figures were derived by combin-
ing data from Fig. 1 and 2 whereby a SAV <0.08
is considered negative and a SAV -0.14 is con-
sidered positive. Absorbance values >0.08 and
<0.14 are considered doubtful.
Data in Table 4 indicate that the coefficients

of variation are nearly the same, which implies
that the relative variation between the samples
is not different. ELISA results or SAV from sera
tested at a 1:3 dilution yield a threefold increase
in the mean and standard deviation when com-
pared to ELISA results from sera tested at a 1:
20 dilution. Thus, new criteria must be devel-
oped for defining positive, negative, or doubtful
sera when changes in test conditions occur, be-
cause changes in antigen or antigen concentra-
tion, and dilution of antiserum or conjugate or
both can effect the SAV. Therefore, these vari-
ables should be standardized by box titration
before the criteria for defining positive or nega-
tive sera are established. The need for serolog-
ical evaluation of sera at higher concentrations
was indicated from our recent experience that
early detection of serum antibodies from reactor
cows was accomplished more frequently if sera
were tested at a dilution <1:20.

ACKNOWLEDGMENTS
This work was supported by project H-6194 of the Texas

Agricultural Experiment Station of the Texas A&M Univer-
sity System, and approved as number TA15465.

LITERATURE CITED

1. Alton, G. G., L. M. Jones, and D. E. Pietz. 1975.
Laboratory techniques in brucellosis, 2nd ed. World
Health Organization, Albany, N.Y.

2. Beh, K. J. 1974. Quantitative distribution of brucella
antibody amongst immunoglobulin classes in vacci-
nated and infected cattle. Res. Vet. Sci. 17:1-4.

3. Byrd, J. W., F. C. Heck, and R. J. Hidalgo. 1979.
Evaluation of the enzyme-linked immunosorbent assay
for detecting Brucella abortus antibodies. Am. J. Vet.
Res. 40:896-898.

4. Eckschlager, K. 1961. Errors, measurement and results
in chemical analysis. Van Nostrand Reinhold Co., Lon-
don.

5. Locarnini, S. A., A. G. Coulepis, A. M. Stratton, J.
Kaldor, and I. D. Gust. 1979. Solid-phase enzyme-
linked immunosorbent assay for detection of hepatitis
A-specific immunoglobulin. J. Clin. Microbiol. 9:459-
465.

6. Nakane, P. K., and A. Kawaoi. 1974. Peroxidase-labeled
antibody: a new method of conjugation. J. Histochem.
Cytochem. 22:1084-1091.

7. Ruitenberg, E. J., B. J. M. Brosi, and P. A. Steeren-
berg. 1976. Direct measurement of microplates and its
application to enzyme-linked immunosorbent assay. J.
Clin. Microbiol. 3:541-542.

8. Ruitenberg, E. J., P. A. Steerenberg, B. J. M. Brosi,
and J. Buys. 1976. Evaluation of the reliability of
immunoenzymatic techniques for the serodiagnosis in
Trichinella spiralis infections, p. 149-165. In G. Feld-
mann, P. Druet, J. Bigrion, and S. Avrameas (ed.),
Immunoenzymatic techniques. Elsevier/North Holland
Publishing Co., Amsterdam.

9. Saunders, G. C. 1977. Development and evaluation of an
enzyme-labeled antibody test for the rapid detection of
hog cholera antibodies. Am. J. Vet. Res. 38:21-25.

10. Saunders, G. C., and E. H. Clinard. 1976. Rapid micro-
method of screening for antibodies to disease agents
using the indirect enzyme-labeled antibody test. J. Clin.
Microbiol. 3:604-608.

11. Saunders, G. C., and M. E. Wilder. 1974. Disease
screening with enzyme-labeled antibodies. J. Infect. Dis.
129:362-364.

12. Steel, R. G., and J. H. Torrie. 1960. Principles and
procedures of statistics. McGraw-Hill Book Co., New
York.

13. Thoen, C. O., A. L. Armbrust, W. G. Eacret, R. Har-
rington, Jr., and G. M. Brown. 1979. Use of an
enzyme immunoassay test for characterizing the A and
M antigens of Brucella. J. Clin. Microbiol. 9:485-487.

14. Voller, A., A. Bartlett, and D. E. Bidwell. 1976. En-
zyme immunoassays for parasitic diseases. Trans. R.
Soc. Trop. Med. Hyg. 70:98-106.

15. Voller, A., and D. E. Bidwell. 1976. Enzyme immuno-
assays for antibodies in measles, cytomegalovirus infec-
tions and after rubella vaccination. Br. J. Exp. Pathol.
57:243-247.

VOL. 11, 1980


