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Immunoglobulin M (IgM) antibodies directed against IgG antibodies (rheumatoid factor [RF]) are known to
occur often in patients with syphilis and to interfere with serological tests measuring specific antibodies of the
IgM class. In this study we examined the occurrence and specificity of the RF and demonstrated a simple
method to detect and eliminate the RF for a specific Treponema pallidum IgM enzyme-linked immunosorbent
assay. We measured the occurrence of the RF with a sensitive enzyme-linked immunosorbent assay and found
that it increased with the duration of syphilitic disease: 1 of 13 primary syphilis serum specimens, 3 of 13
secondary syphilis serum specimens, and 10 of 27 latent syphilis serum specimens were reactive in this RF test.
Those sera containing IgM RF were immunoprecipitated with anti-human gamma chain antibodies and 2%
polyethylene glycol until the RF was removed. One serum specimen from a patient in the secondary stage of
syphilis and eight serum specimens from patients with latent disease still presented the RF after im-
munoprecipitation. Removal of the IgG antibodies also improved the sensitivity of the treponemal IgM test,
indicating competition of these antibodies for binding sites of the antigen. The enzyme-linked immunosorbent
assays for detection of RF and antitreponemal IgM antibodies are performed on the same plate. Theoretically,
only sera positive for both tests have to be immunoprecipitated. But our findings indicated an increase in
sensitivity of the IgM enzyme-linked immunosorbent assay after removal of IgG antibodies responsible for
competition at the binding sites.

Rheumatoid factor (RF) here is defined as those im-
munoglobulin M (IgM) class antiimmunoglobulins (IgM anti-
IgG or in some cases IgG or IgA anti-IgG) that react with the
IgG in the serum of the patient. This complex combined with
the treponemal antigen gives, in the case of the IgM RF, a
false-positive IgM reaction (4, 18) when the IgM RF-
syphilitic IgG reacts with the anti-human IgM conjugate in
such sensitive assays as immunofluorescence, enzyme-
linked immunosorbent assay (ELISA) (5, 15, 17, 25), or
radioimmunoassay (13). Since specific IgM is indicative of
active disease, these IgM class RFs must be eliminated. RF
has not only been reported in the serum of patients with
rheumatoid arthritis but also in individuals with other dis-
eases, such as syphilis (4, 16), as well as in healthy individu-
als (4).
The interference of the RF with the measurement of IgM

antibodies against Treponema pallidum was described as
early as 1959 by Peltier and Christian (16) and more recently
reported by Reimer et al. (18) and Fraser et al. (8).

Different approaches have been used in the past to remove
the RF; these include separation of IgG and IgM by
ultracentrifugation on a gradient (6), ion-exchange column
chromatography (11), absorption of IgG by Staphylococcus
protein A (7), and adsorption of the RF to cross-linked IgG
on latex particles (1, 20). Each of the aforementioned meth-
ods has some inherent fault: ultracentrifugation and ion-
exchange chromatography are time consuming and dilute the
serum sample, whereas aggregated IgG or latex particles
only partially remove the RF. We chose to remove the RF by
immunoprecipitation of the IgG antibodies (to which the IgM
anti-IgG RF attaches), a technique successfully applied to
rubella IgM testing (9, 19). An added advantage to this
procedure is the elimination of competitive inhibition by
specific IgG antibody (9, 18). A 2% solution of polyethylene
glycol (PEG) was added to facilitate removal of complexes in
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sera from rheumatoid arthritis patients, syphilis patients,
and healthy individuals.
A double ELISA measuring T. pallidum IgM and RF is

described, with immunoprecipitation for removal of IgG and
IgA for specific T. pallidum IgM. The ELISA detecting the
RF is performed on the same ELISA plate as the IgM
treponemal ELISA. Theoretically, only the sera positive in
the treponemal ELISA and containing the RF are then
immunoprecipitated with anti-IgG antibodies and retested.
However, the IgM titers of all sera from syphilis patients
rose after immunoprecipitation removed the source of com-
petitive inhibition.

MATERIALS AND METHODS

ELISA antigen. Treponemal antigen was prepared as previ-
ously described (12). Briefly, T. pallidum was grown by
intratesticular inoculation in adult male rabbits. Tissues were
extracted in 0.075 M sodium citrate, washed in phosphate-
buffered saline by differential centrifugation, and stored for 1
week before sonication.

Sera. Sera from 53 individuals with syphilis representative
of the primary, secondary, and latent categories were ob-
tained from the serum bank of the Sexually Transmitted
Diseases Laboratory, Centers for Disease Control. All pa-
tients were treated at the time of serum collection or had
received previous treatment. All were reactive with the
fluorescent treponemal antibody-absorption (FTA-ABS) and
rapid plasma reagin card tests (24).

Sera from 39 individuals with clinically diagnosed rheu-
matoid arthritis were obtained from the same source, as
were 10 normal serum specimens from nonsyphilitic indi-
viduals. All were obtained with informed consent and had
been frozen at -20°C for up to 1 year. All were nonreactive
in the RPR card test for syphilis.

Latex test for RF. A latex agglutination test (Rapi/Tex-RF
test; Calbiochem-Behring, La Jolla, Calif.) was used as the
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FIG. 1. Results of the treponemal and RF ELISAs for sera from patients with the three stages of syphilis. The ELISA results before and
after removal of the RF are shown separately. A total of 1 of 13 primary, 3 of 13 secondary, and 10 of 27 latent syphilis serum specimens
showed significant amounts of RF (OD of >0.2). One secondary serum specimen and ten latent serum specimens still showed RF after
removal with anti-IgG. This RF could further be reduced by immunoprecipitation with a higher amount of anti-IgG. Symbols: iu1 T. pallidum
ELISA before RF removal; wiz. , T. pallidum ELISA after RF removal; F, RF ELISA before RF removal; _, RF ELISA after RF
removal.

reference test for the RF. This test was performed on all sera

according to the instruction of the manufacturer for the
quantitative tube dilution test. A patient was considered
seropositive if there was reactivity in the serum at a 1:20
dilution or above.
FTA-ABS IgM test. The FTA-ABS IgM test was per-

formed as reported by Scotti et al. (21) by using fluorescein-
labeled anti-human IgM conjugate (Wellcome Research Lab-
oratories, Beckenham, England). This test was performed
on all sera evaluated.
Removal of the RF by immunoprecipitation of the IgG in

sera. Glass tubes (12 by 75 mm) were used for the following
procedure. Each serum specimen to be precipitated was

diluted 1:50 in borate buffer ([pH 8.4] 6.184 g of boric acid,
9.536 g of sodium tetraborate, and 4.384 g of NaCI in 1 liter
of water). The diluted serum (50 ,ul) was then added to 50 ,Jl
of a 6% solution of PEG 6000 (Fisher Scientific Company,
Fair Lawn, N.J.) in phosphate-buffered saline and 50 ,uI of a
1:5 dilution (in borate buffer) of rabbit anti-human IgG
(gamma chain specific; Dako lot 0625F; Accurate Chemicals,
Westbury, N.Y.) for a final dilution of 1:150. After incuba-
tion overnight at 4°C or for 3 h at room temperature, the
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FIG. 2. Serum specimens from 39 patients with rheumatoid arthritis were examined in the treponemal and RF ELISAs before and after
removal of the RF. Before removal of the RF, 16 serum specimens showed false-positive treponemal ELISA results (OD of >0.2), with only
1 false-positive result after immunoprecipitation. This was corrected by immunoprecipitation with a double amount of anti-IgG. Symbols:

T. pallidum ELISA before RF removal; : T. pallidum ELISA after RF removal; mm, RF ELISA before RF removal; _, RF
ELISA after RF removal.

mixture was centrifuged at 3,000 rpm for 40 min. The
supernatants were then used in the ELISA.
ELISA for RF and antibodies against T. pallidum. The

principles of the RF ELISA (10) and the treponemal IgM
ELISA (5) have been described previously. In this proce-
dure specifically, duplicate vertical rows of polyvinylchlo-
ride microtiter plates (U-bottom; Dynatech Laboratories,
Inc., Alexandria, Va.) were coated in 50-,ul amounts with a
sonicated suspension of T. pallidum or rabbit anti-human
IgG. Appropriate dilutions were determined before serum
assays by block titration (26). Sodium carbonate-bicarbonate
at 0.05 M (pH 9.6) was used as a coating buffer. The plates
were then tightly covered and stored at 4°C until used or up
to 2 weeks. Before use, plates were washed three times with
phosphate-buffered saline-0.05% Tween 20. Four wells were
designated for each test serum specimen or control: two
coated with T. pallidum and two coated with anti-human IgG
(RF detection). Sera were assayed both before and after
immunoprecipitation. Control patient sera (no immunopre-
cipitation) were diluted 1:150 in borate buffer to be run in
parallel with the immunoprecipitated sample. The plates
were incubated in a moist chamber at room temperature for
4 h. After a washing step as above, 50 ,ul of affinity-purified
alkaline phosphatase-labeled goat anti-human IgM
(Kirkegaard and Perry Laboratories, Gaithersburg, Md.)
diluted in 2% normal goat serum-phosphate-buffered
saline-0.05% Tween 20 was added to each well. For this step
plates were incubated in humid chambers at 37°C for 1 h.
After a washing step as above, the substrate for alkaline
phosphatase, p-nitrophenyl phosphate (1 mg/ml; Sigma
Chemical Co., St. Louis, Mo.) in a diethanolamine (26)
buffer was added, and the plates were incubated at room
temperature for 30 min. The plates were read in a Dynatech
MicroELISA MR 580 reader at 405 nm. Based on a previous
study with this T. pallidum ELISA (15), an optical density
(OD) of -0.2 was considered to be positive.

RESULTS

IgM ELISA for T. pallidum and RF before and after
treatment with anti-IgG. A total of 10 normal serum speci-
mens, 53 serum specimens from patients with syphilis (Fig.
1), and 39 serum specimens from patients with rheumatoid
arthritis (Fig. 2) were tested with ELISA for the presence of
antitreponemal antibodies and RF. Both tests were per-
formed before and after removal of the RF by im-
munoprecipitation.
Normal sera. Ten normal serum specimens were tested

and found to be nonreactive (OD of <0.2) in the treponemal
and RF ELISAs. An OD of 0.2 was determined to be the
optimal cut-off point between positive and negative values
based on previous studies with sera from patients with
syphilis and patients without syphilis (12).

Sera from patients with syphilis. Figure 1 represents the
results for 53 serum specimens from patients with active
syphilis separated by disease categories. The IgM
antitreponemal antibodies were detected (OD of .0.2) in all
but 11 of the 53 patients. Only six of these remained
nonreactive after removal of the IgG antibodies.

Eight serum specimens from patients with latent syphilis
and one serum specimen from a patient with secondary
syphilis showed positive results in the RF ELISA after
immunoprecipitation with anti-IgG antibodies. A second
immunoprecipitation of these sera with increased amount of
anti-IgG diminished further the results obtained by the RF
ELISA (data not shown).

Sera from patients with rheumatoid arthritis. Figure 2
represents the results for patients with a documented history
of rheumatoid arthritis and no history of clinical signs
indicating syphilitic disease. Only one serum sample, after
attempts to remove RF, still presented a false-positive result
in the treponemal ELISA test. After immunoprecipitation, a
significant amount of RF was still detectable in this same
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FIG. 3. Three serum specimens from patients with rheumatoid arthritis (specimens 1 through 3) and three serum specimens from patients

with syphilis (specimens 4 through 6) were examined in the antitreponemal ELISA (TPE) and the RF ELISA (RFE) under different
experimental conditions. Two different incubation times for the precipitation procedure were used: overnight at 4°C (above) and 3 h at room
temperature (below). The four different treatments of sera used for removal of the RF are represented. Each serum specimen was not treated
(control) (izzz,), precipitated with only PEG (rzzi), precipitated with anti-IgG ('mm), and precipitated with PEG and anti-IgG (_).

serum specimen (OD of 0.23). Both RF and the false-positive
treponemal IgM ELISA results disappeared after treatment
with the double amount of anti-IgG. The other four serum
specimens still presenting the RF after immunoprecipitation
did not cause a false-positive treponemal IgM ELISA when
retested. All four of these serum specimens were reactive in
the FTA-ABS IgM test.

Influence of PEG on the removal of the RF with PEG and
anti-IgG alone or combined. Figure 3 shows the influence of
2% PEG on the removal of the RF. Three serum specimens
from syphilitic patients known to have antitreponemal anti-
bodies (specimens 4, 5, and 6) and three serum specimens
from patients known to have no antitreponemal antibodies
but RF (specimens 1, 2, and 3) were incubated for 3 h and
overnight with (i) no additive, (ii) 2% PEG, (iii) anti-IgG, and
(iv) 2% PEG and anti-IgG. These sera were then retested in
the antitreponemal and the RF ELISAs. The control incuba-
tion (no PEG or anti-IgG) showed, as expected, the high OD

in the antitreponemal and the RF ELISAs for RF sera. The
results after removal of the RF after 3 h of incubation, with
exactly the same procedure as before, are shown in the
lower part of the Fig. 3.
There is a reasonable correlation between both series. The

longer incubation period produces a more complete removal
of the RF and should therefore be used whenever feasible.

DISCUSSION

The induction of the RF through infectious disease has
been described in relation to a number of infectious agents
(2, 20) and also for syphilis (8, 16, 18). We could confirm the
induction of the RF by syphilis. Our results showed also an
increase in the incidence of the RF with duration of disease.
A total of 1 of 13 primary syphilis serum specimens, 3 of 13
secondary syphilis serum specimens, and 10 of 27 latent
syphilis serum specimens presented significant (OD of >0.2)
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amounts of RF. In all sera the amount of RF was diminished
after removal of the IgG with anti-IgG, as expected.

Figure 1 also demonstrates another interesting feature.
There were 11 nonreactive treponemal ELISA results before
removal of the RF (OD of <0.2) and only 6 nonreactive
results after removal. This is best explained by competition
between IgG and IgM antibodies for the binding sites on the
treponemal antigen (3). This is also reflected by the mean of
the OD values, which is higher after removal of the RF than
before: for primary syphilis sera the OD was 0.27 (before)
and 0.28 (after), for secondary sera the OD was 0.47 (before)
and 0.56 (after), and for latent sera the OD was 0.42 (before)
and 0.59 (after).
The RF may produce false-positive results by two dif-

ferent mechanisms. It may bind to IgG antibodies which
attach to the antigen and thus mimic antigen-specific IgM
antibodies. Or it may bind by means of unsaturated binding
sites directly to the enzyme-labeled conjugate and produce
false-positive results regardless of the specificity of the
labeled antibody. The binding sites for the RF on im-
munoglobulins are located on the Fc fragment, and the use of
labeled Fab fragments as conjugates has been advocated (14,
23). Another approach to circumvent this problem was used
in our assay. A 2% solution of serum belonging to the same
animal species as the conjugate (goat) was used in all
incubation steps to saturate all free binding sites of the RF.
Despite this procedure, the high number of false-positive
results with sera from patients with rheumatoid arthritis
indicates clearly that this is not totally adequate: the RF
must be removed from the test specimen to omit RF interfer-
ence of the first type mentioned above. We used an IgG
precipitation with anti-IgG to remove IgM bound to IgG
(IgM RF). A small number of sera still show the RF as
measured by the RF in the RF ELISA after immunoprecipi-
tation with anti-IgG. This means RF removal is not always
throughout. These samples need further immunoprecipita-
tion until all the RF disappears. We would therefore not
advocate use of the immunoprecipitation procedure without
monitoring the sera for complete removal of the RF by RF
ELISA.
There are samples needing excessive amounts of anti-IgG

to diminish the RF-like activity. We are currently investigat-
ing whether factors other than the RF may be responsible for
this phenomenon.
The use of PEG to facilitate precipitation of im-

munocomplexes has been used in many tests. We selected
the concentration of 2% because other investigators have
shown that concentrations over 2% may precipitate
noncomplexed immunoglobulin (22). Addition of PEG
alone did not significantly change the results since there was
essentially no precipitation of the RF. Removal of IgG by
anti-IgG diminished significantly the amount of RF, and
these results were further improved when anti-IgG and PEG
are added together. We observed also that addition of PEG
facilitated the separation of the supernatant from the precipi-
tate.
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