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Complement-fixation inhibition test was adapted to the microtiter system.
When cat and monkey non-complement-fixing antibody were used, the microtest
was shown to be as sensitive as the conventional tube complement-fixation
inhibition test.

Although the complement-fixation (CF) test
has been shown to be sensitive and reliable in
diagnostic serology, a major limitation of the CF
test is that immunoglobulins from some animal
species do not fix guinea pig complement. It has
been long recognized (3), for example, that
avian antibody, except pigeon and parrot, is
incompatible with guinea pig complement. In
addition, many investigations (2, 6, 7) have
shown that antibodies associated with non-com-
plement-fixing immunoglobulin (IG)G sub-
classes limits the application of the CF test in
diagnosis of some mammalian diseases.
To augment the CF test, Rice (5) introduced

the CF inhibition (CFI) test. In principle the
CFI test is based on the principle that non-com-
plement-fixing antibody may bind with specific
reference antigen determinants, thereby inhib-
iting the subsequent reaction between the refer-
ence antigen, reference complement-fixing anti-
body, and complement. The advantage of the
CFI test over other non-complement-dependent
tests (i.e., precipitin and fluorescent antibody
tests) is the ability to standardize all CFI
reagents.
The objective of the study reported here was

to adapt the CFI test to the microtiter system
and to compare the sensitivity of the microtiter
CFI test to the conventional tube CFI test.
The conventional tube CFI test was per-

formed by the procedures described by Rice (5).
The CFI tube and microtiter tests consisted of
incubating twofold dilutions of heat-inactivated
experimental serum with 2 CF units of reference
antigen for 1 h at 37 C. The above reactants
were subsequently mixed with 2 CF units of
heat-inactivated (56 C for 15 min) reference
antibody plus 5C'H50 units of guinea pig com-
plement and incubated for an additional 16 h at

4 C. Optimally sensitized sheep red blood cells
(SRBC) (1.25%) were added to the test and
incubated for an additional 30 min at 37 C. In
the microtiter CFI tests, experimental serum
titers were reported as the reciprocal of the
highest serum dilution that visually reduced the
CF reaction between reference antibody and
reference antigen by 50%, i.e., from a 4+
reaction to a 2+ reaction. In the tube test, 50
and 25% inhibition were determined spectro-
photometrically at 554 nm.
The tube CFI test employed 0.25 ml each of

experimental serum, reference antibody, refer-
ence antigen, and sensitized SRBC, and 0.50 ml
of complement. The microtiter CFI test used 25
pAliters each of experimental and reference sera,
reference antigen, and SRBC, and 50 Aliters of
complement.

Determination of units of complements, refer-
ence antibody, reference antigen, and hemolytic
amboceptor were all performed under condi-
tions which simulated those of actual CFI test
procedures. Figure 1 illustrates the test results
of microtiter CFI tests that were performed
parallel with standard microtiter CF tests.
Two reference complement-fixing antiviral

serum and reference virus antigen systems were
used in this study: (i) anti-Yaba poxvirus mon-
key serum #3215 and soluble Yaba poxvirus
antigens, and (ii) rabbit antiserum prepared
toward the interspecies antigen from the feline
leukemia virus (Kawakami-Theilen strain) and
interspecies antigen from the Rauscher murine
leukemia virus. Both anti-virus-virus antigen
systems have been shown in previous reports (1,
4) to be good CF systems and to be virus
specific.
CFI experimental antibody was obtained

from three Yaba virus-infected rhesus monkeys
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(YV-B, YV-L, YV-T) 52 weeks post virus inocu-
lation and four Snyder-Thelien feline sarcoma

virus-induced, tumor-bearing-specific, patho-

TEST A TEST B CotMoLs
1 2 3 4 1 2 3 4 1 2 3 4

00000000 0 A0S0

00000000 ~000

00000 0

0 0C)0 00049000000

000 0000 000

0 (D O~ GooV t ':O 0

000 0000 000

0000 000 000
FIG. 1. Microtiter complement-fixation and com-

plement-fixation inhibition tests for antibodies in two
samples of experimental rhesus monkey serum to the
Yaba poxvirus. Row 1 of test A and row 1 of test B are
direct CF tests whereas row 2 of each test is a CFI test.
Serum on testA has a CF titer of < 1: 2 and a CFI titer
of 1:16. Serum tested in test B has a CF titer of 1:64
and CFI titer of 1:8. Reagents in row 3 of both tests
consist of reference antibody and varying dilutions of
experimental antibody plus complement. This control
determines whether there is a reaction between the
two serum systems. Row 4 is an anti-complementary
test for experimental antibody. Other controls (top 4
wells) include (1) anti-complementary control for 2
CF units of reference antibody, (2) the positive control
which consists of incubating 2 CF units of reference
antibody and 2 CF units of reference antigen and
complement, (3) anti-complementary control for 2 CF
units of reference antigen, dnd (4) complement
(5C'H,0) control. The positive control should always
produce a 4 + CF reaction. To perform both the CF
and CFI tests one needs only 100 Aliters of serum.

gen-free cats. All cat and monkey sera were
previously shown (1, 4) to contain CFI virus-
specific antibodies.
A comparison of the sensitivity of the tube

CFI test with the CFI test adapted to the
microtiter system is summarized in Table 1. As
expected, at 50% inhibition the CFI titers in all
experimental sera were nearly the same in both
tests. By reducing, however, the percent inhibi-
tion in the conventional tube test from 50 to
25%, the sensitivity of CFI titers in both the cat
and the monkey system was increased one- to
threefold.
Because of the advantage of conventional

spectrophotometric calculations of percent he-
molysis with the larger volumes, the tube CFI
test appears to be better suited for more accu-
rate determination of weak antibody titers.
Likewise, less subjective error is encountered in
performing the tube CFI test. We have found,
however, that the advantages of the microtiter
CFI test over the conventional tube test are as
follows: (i) economic use of serologic reagents,
and (ii) the technical convenience which per-
mits the investigator to perform a larger num-
ber of tests per given amount of time. The third
and most important advantage is that the
microtiter system permits the technician to
perform both the complement-fixation test as
well as CFI test on the same microtiter plate
with only 100 yliters of serum sample. In this
laboratory we have adopted the microtiter sys-
tem to detect CF and CFI antibody in human
serum to oncornavirus antigen (D. S. Yohn and
R. G. Olsen, Abstr. Annu. Meet. Amer. Soc.
Microbiol., 1972), CF and CFI antibody in dog
serum to central myelin (A. Koestner et al., In
Symposium on slow virus infections, William
and Wilkins, 1973, in press), membrane protein,
CF and CFI antibody in rhesus monkey serum

TABLE 1. Comparison of the tube CHI test with CFI test adapted to microtiter system

Cat anti gs-3 CFI titersa b Monkey anti-Yaba virus
Type of CFI Test CFI titersc d

2882 R1912 R-770 R-386 YV-B YV-L YV-T

Microtiter at 50% inhibitione 1:8 1:2 1:2 1:8 1: 16 1:8 1: 16
Tube test'
At 50% inhibition 1:8 1:8 <1:2 1:4 1: 16 1: 16 1:32
At 25% inhibition 1:32 1: 16 1:4 1: 16 1: 32 1:32 1:64

a All cats were bearing a feline sarcoma virus (Snyder-Theilen strain)-induced fibrosarcoma.
b Reference antiserum was rabbit anti-FeLV-gs-3 serum and reference antigen was ether-disrupted Rauscher

murine virus antigen (see Materials and Methods).
c Rhesus monkey serum 52 weeks postinoculation with Yaba poxvirus.
d Reference antibody was complement-fixing rhesus monkey serum #3215 and reference antigen was soluble

antigen from Yaba tumor homogenate (see Materials and Methods).
e 50% inhibition was determined visually.
' 50 and 25% inhibition was determined spectrophotometrically (544 nm).
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to poxvirus antigen (1) and CFI antibody in cats
to the feline leukemia virus (4).
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