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A latex agglutination test employing serogroup-specific meningococcal polysac-
charides as the antigen has been developed. The test has been used to measure

serological responses in patients with meningococcal disease, in meningococcal
carriers, and in volunteers who received meningococcal vaccines. It has been shown
to be a sensitive and highly specific test for the detection of group-specific meningo-
coccal antibody. The advantages of standardized particles and antigens which are

simple to prepare and stable make this assay feasible for many nonspecialized or

small laboratories.

Infection with meningococci is followed by the
development of group-specific humoral antibodies
against the meningococcal organism (1). A variety
of serological tests have been developed to mea-
sure these antibodies and those induced by poly-
saccharide vaccines. In a recent paper the specific-
ities, sensitivities, advantages, and disadvantages
of many of these tests have been discussed (2).
The present paper describes a new test in which

group-specific meningococcal polysaccharide is
adsorbed onto latex particles for use in an ag-
glutination test to detect serum antibodies. The
use of these inert nonbiological particles as car-
riers of various antigens offers as its primary
advantage a stable, uniform, and easily obtainable
vehicle.

MATERIALS AND METHODS

Antigens. Meningococcal strains of group A (A-1),
group B (B-11), and group C (C-11) were those
previously described (1). The group Y [Boshard (3),
WRAIR 6524] strain was isolated from the cerebro-
spinal fluid of a patient who developed meningococcal
meningitis. Purified meningococcal polysaccharides A,
B, and C were prepared by the method of Gotschlich
et al. (4). Antigens were stored as lyophilized powder
in a desiccator jar in the cold or as stock solutions
(concentration of 100 or 250 ,ug/ml) which were held
frozen until used.

Crude polysaccharide antigens were prepared by
suspending a 6-hr culture (early exponential growth
phase) of meningococci grown on chocolate-agar in
phosphate-buffered saline (PBS), pH 7.2 + 0.1, for
2 hr (MacFarland BaSO4 standard no. 10). The sus-
pension was then centrifuged at 2,000 rev/min for 15
min, the cells were discarded, and the supernatant fluid
was sterilized by filtration through a 0.45-,um mem-
brane filter (Millipore Corp., Bedford, Mass.) and
stored at -20 C.

Latex particles. A commercial preparation of poly-
styrene latex particles of uniform particle size and
suspension (Latex 0.81, Difco) was used as the antigen
carrier.

Serum collection and subjects. Serum specimens were
obtained from persons with nasopharyngeal coloniza-
tion or systemic infection or from vaccinated volun-
teers and were stored at -20 C until used. Systemic
infection was documented by isolation of organisms
from blood or cerebrospinal fluid. Meningococci were
identified by methods previously described (1). Vac-
cines used to immunize volunteers have been reported
(2).

Sensitization of latex particles. One volume of latex
particles in distilled water (3%a, v/v) was added to an
equal volume of polysaccharide diluted in normal
saline or PBS and mixed gently for 30 min at 37 C.
The suspension was pelleted by centrifugation at 2,000
rev/min for 15 min, the supernatant fluid was dis-
carded, and the latex particles were diluted 15 times
the original volume in PBS, pH 7.2 z 0.1. A grid
titration of antigen versus a human serum of high
antibody content and one of low antibody content was
performed on each new batch of polysaccharide to
determine the optimal sensitizing concentration for
that antigen.

Latex agglutination (Lx) test. For the Lx test,
starting with a 1: 2 dilution, serial twofold dilutions of
inactivated serum (56 C for 30 min) were made in
PBS (pH 7.2 + 0.1) by using disposable microtiter V
plates (Linbro Chemical Co., New Haven, Conn.) and
0.025-ml diluters (Cooke Engineering Co., Alexandria,
Va.). To each well was added 0.025 ml of sensitized
latex particles. The plates were sealed, gently rotated
to mix the reagents, and then incubated. The Lx-A, -B,
and -C tests were incubated from 4 to 5 hr at 37 C or
16 hr (overnight) at room temperature. The Lx-Y test
was incubated for 16 hr at room temperature (over-
night). Agglutination patterns were read on a 1+ to
4+ scale, 1+ being considered positive. Positive and
negative control sera were included in each test.
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Other serological tests. The indirect hemagglutina-
tion (HA) (2), fluorescent-antibody (FAB) (2), and
radioactive antigen-binding (B. L. Brandt and F. A.
Wyle, Bacteriol. Proc., p. 93, 1971) tests were per-
formed as previously described.

Immunoglobulin characterization. To determine
which immunoglobulins were responsible for the latex
activity, sera were treated with 2-mercaptoethanol (5)
or fractionated by sucrose gradient ultracentrifugation
(6). The immunoglobulin content of each fraction was
determined in a micro-Ouchterlony assay by using
monospecific goat antihuman globulins (Hyland, Divi-
sion of Travenol Laboratories, Inc., Costa Mesa,
Calif.).

RESULTS
Standardization of Lx test. To standardize the

Lx test, a number of variables was studied for at
least one of the antigen.

Effect of pH. The following buffered-saline
preparations were studied: glycine, 0.1 M (pH 1.4
to 3.6); phosphate, 0.15 M (pH 5.1 to 8.2); borate,
0.1 M (pH 8.2 to 9.0). The buffers were used
throughout the test except for the initial sensitiza-
tion of latex particles. It was found that the
highest agglutination titers for the four latex tests
occurred between pH 7.0 and 7.2. Therefore, PBS
(pH 7.2 + 0.1) was utilized as the standard for
each test.

Washing the sensitized particles. Experiments
were performed which showed that agglutination
titers of group C-sensitized particles by immune
sera were not affected by zero, one, or two
buffered-saline washes. Thus, the sensitized latex
particles were used without the extra washing
steps.

Incubation time and temperature. In compara-
tive studies, it was found that the patterns of
agglutination with the A, B, and C tests were
identical after incubation for 4 to 5 hr at 37 C or
16 to 20 hr (overnight) at room temperature. The
Y test, however, gave consistent results only when
incubated overnight.

Stability of sensitized latex particles and anti-
gens. Once sensitized, latex particles could be
stored at 4 C for the following periods of time:
Lx-A, 2 months only; Lx-B and Lx-C, at least 8
months; Lx-Y, at least 2 months. Further studies
must be done on the group B, C, and Y Lx tests
to determine exactly how long they may be stored.
Crude saline antigen preparations have all been
stored frozen for at least 9 months without loss of
activity.

Effect of heating sera. The effect of heat treat-
ment of antisera was found to be an important
variable only with the Lx-A test. When freshly
drawn serum from vaccinated volunteers was
used, high prevaccination titers were frequently
observed. Thus, some antibody rises were masked.
Prevaccination serum titers were often signifi-

cantly reduced by inactivating the sera for 30 min
at 56 C. The 2-week postvaccination antibody
titers were essentially unaffected. The results of
similar experiments with early and late sera from
patients with B, C, or Y infections or C vaccina-
tion showed no consistent effects of heating al-
though occasional paired sera demonstrated iden-
tical titer changes. Freeze-thawing of sera three
of more times accomplished the same effect as
heating at 56 C. To provide a standardized assay,
heat treatment of sera was instituted for each of
the group-specific tests.

Antigen standardization. Standardization of the
antigens was done by using sera with high and
sera with low antibody content since an occasional
preparation caused a nonspecific agglutination at
higher dilutions (usually greater than 1:128)
which obliterated the end point of the high-titered
serum.

Properties of antigens used to sensitize latex
particles. As different batches of antigens were
tested in the latex system, it became apparent that
some were much more satisfactory than others.
The amount of antigen adsorbed to the latex was
considered to be a probable factor. To test this
hypothesis, different lots of serogroup A and B
antigens were taken at various stages of purifica-
tion and were tested in a grid titration against
sera of known antibody content. The cruder anti-
gens were found to be more active than the
purified polysaccharides (Table 1). To assure that
the antibody being measured was directed against
the polysaccharide, inhibition tests were per-
formed. It was found that the purified polysac-
charides, A-5:pure and A-9:pure, completely
inhibited the Lx-A tests in which the cruder
polysaccharide was used as antigen (A-5:crude,
A-9: crude, respectively). Furthermore, purified C
polysaccharide made by Gotschlich's method (4)
completely inhibited agglutination of latex par-
ticles sensitized with a crude saline extract of
group C antigen when tested with known immune
human serum.

In a second set of experiments, a radioactive
group A polysaccharide was prepared by using
"4C-sodium acetate. This material was processed
into two fractions: a "crude" preparation pre-
pared by precipitating the polysaccharide with
66% (v/v) ethyl alcohol and removing the nucleic
acids with one-tenth saturated sodium acetate,
and a more purified fraction made by precipitat-
ing a portion of this crude preparation with 80%Xv
(v/v) ethyl alcohol. Because of the small amount
of material prepared, only the protein content
could be measured. The crude preparation was
found to contain 240 ,g of protein/ml, whereas
the more purified fraction contained only 25 ,g
of protein/ml.
A grid titration of a known serum against two-
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TABLE 1. Anitibody titers (log 2) of immun7e sera tested againtst group A and group B polysaccharides of
various degrees of puirification

Determination A-5 crude A-5 pure A-9 crude Am9dinater- A-9 pure B-36 crude B36dinater- B-36 pure

Chemical characterization
Protein 19.3a 0.92 37.6 1.8 0.45 47.3 14.5 0.57
Nucleic acid 3 .la 0.64 12.0 1.5 0.44 6.6 1.6 0.72
Phosphorous 5.Oa 7.29 33.76 6.53 .b - -

Sialic acid, - - - 52 91.0 99

Sensitizing dose (mg/100 ml)
1 5d <1 4 3 <1 7 3 <1
0.5 5 <1 4 2 <1 -
0.25 5 <1 4 1 <1 - _
0.125 3 <1 4 1 <1 - -

a Per cent total dry weight.
b Not tested.
c Compared to a standard preparation.
d Titer of homologous serum (log 2).

TABLE 2. Grid titrationi of a knowni serum againist
latex particles coated with group A, 14C-labeled
polysaccharide takesz at differentt stages ofputrity

Serum (log 2) titer against indicated

Antigena dilution antigen

Crude prepn Pure prepn

1:1 4 3
1:2 4 3
1:4 5 2
1:8 4 1
1:16 4 <1
1:32 3 <1
1:64 2 <1
1:128 1 <1

a Used to sensitize the latex particle.

fold serial dilutions of labeled antigen was per-
formed (Table 2). It was found that the cruder
antigen was active when diluted as much as 1: 128
compared to 1:8 for the purified antigen.

Latex particles sensitized at an antigen dilution
of 1 :1 were also collected on a Millipore 0.45-,um
membrane filter, washed, and dried. The activities
of the latex particle plus filter paper, filtrate, and
a filter-paper control were measured in a Packard
Tri-Carb liquid scintillation counter. The per cent
of antigen bound to the latex was then deter-
mined. It was found that 16 times more crude
antigen remained bound to the latex than pure
antigen (0.839% versus 0.053%).

Finally, in a series of 57 adult volunteers who
received the group C vaccine, the mean antibody
increase between the prevaccination and 2-wetk
postvaccination sera using the pure C polysac-
charide antigen was 4.08 tubes. Whereas, the

TABLE 3. Specificity of latex test ini patients with
meniingococcal meninigitis

Sero-

Ptet Day ofPatient mening- disease

isolated

GL Y 1

10

Su B 1

7
14

WO C 1
7

36

a Number
dilutions).

Serum titer vs. indicated
latex antigen

A B C Y

<la 2 3 <1

<1 2 3 5

<1 <1 <1 <1
<1 15 <1 <1
<1 5 <1 <1

<1 <1
<1 <1
<1 <1

<1 <1
7 <1
5 <1I

of reactive tubes (serial twofold

same samples tested against latex sensitized with
the crude polysaccharide resulted in a 5.86 tube
mean difference.

Specificity. The Lx test with meningococcal
polysaccharides as antigens is a highly specific
test for detecting antipolysaccharide antibodies.
Of 32 cases of meningococcal septicemia or men-
ingitis caused by serogroup B (5), C (22), or Y
(5) organisms, 30 showed antibody rises only with
those latex particles coated with their homologous
serogroup antigens. One case in which Y or-
ganisms were isolated from cerebrospinal fluid
showed no antibody rise to any of the standard
antigens. This same patient also showed no re-
sponse in tests using latex particles sensitized with
a crude polysaccharide preparation made from
the isolated infecting organism. Another case, in
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TABLE 4. Specificity of latex agglutiniation test in
volunteers receivinzg meningococcal

polysaccharide vaccines

Subject Vaccine

GI A

IM A

SC

HC

C

C

] Days
post-

Serum titer vs. indicated latex
antigen

v-accinteII
A B

0 2a <1

14 5 <1

0 <1 <1
14 8 <1

<1 <1

14 <1 < I

0 1 <1

14 1 <1

c

<1
<1

<1 I
<1

<1
7

<1

5

- Number of reactive tubes (serial twofold dilu-
tions).

which a group B organism was isolated from the
blood, showed antibody increases to both the B
and C polysaccharides. In Table 3 are listed re-

sults of a battery of Lx tests performed on sera

from representative cases of group B, group C,
and group Y disease.
The Lx test was also found to be group-specific

in volunteers who received group A or C poly-
saccharide vaccines. Table 4 shows results from
four representative subjects who received 50-,ug
injections of group C vaccine or 50 ug of group A
vaccine. When tested against all four serogroup
antigens, all of the individuals showed an increase
in antibody titer at 2 weeks to the corresponding
homologous polysaccharide antigen only.

Sensitivity. The Lx test is quite sensitive as a
measure of group-specific meningococcal infec-
tion. In a series of 31 proven cases of group C
disease, 26 showed antibody rises. In the five re-
maining cases, a high unchanging titer was found.
Since the date of onset of illness was not known
for these five patients, it is possible that the first
serum tested may have been obtained after the
acute stage and thus the antibody increase would
have been missed. Serum of one patient with
group C disease showed a prozone phenomenon
in the Lx-C test 7 days after hospitalization. In a

series of 12 group B cases, 11 showed at least a

fourfold rise (range 4- to >256-fold) within 10
days after hospitalization. One group B patient
had a high unchanging titer. Four out of five cases
of group Y disease developed antibody rises. The
remaining case of Y disease had no detectable
latex antibody against any of the serogroup poly-
saccharides.

Persons who had no clinical evidence of disease
but who developed positive nasopharyngeal cul-
tures (carriers) were also tested for development
of antibodies. Seventeen of 18 persons who had
become group C carriers developed group-specific
antibodies as did 8 out of 10 persons who had
become group Y carriers. However, only 2 of 24
individuals who had become carriers of group B
organisms developed an increase in antibody titer.

Comparison of the Lx and FAB tests. The in-
direct FAB test, which uses the whole organism
fixed onto a glass slide as the antigen, is very
sensitive for detecting antibodies in subjects re-
ceiving the meningococcal polysaccharide vac-
cines (1, 2). The Lx and FAB tests were compared
in 23 volunteers who received meningococcal
polysaccharide vaccines (16 group C vaccine; 7
group A vaccine). Both tests detected antibody
increases in the same 17 individuals and no anti-
body rise in the remaining 6 individuals.

Similar correlations were obtained in five cases
(two serogroup B, three serogroup C) of meningo-
coccal disease.

Comparison of the Lx and radioactive antigen-
binding assays (ABA). Only the Lx-B and Lx-C
tests were compared with the ABA test. Seven
group B cases and 12 group B carriers were
mutually studied. All of the cases and one of the
carriers showed rises in both assays. Eleven group
C meningitis cases showed antibody rises by both
group C assay systems.

Comparison of Lx and HA tests. The Lx and
HA tests using meningococcal polysaccharides as
antigens showed 100% correlation in adults with
disease, carriage, or vaccination (Table 5). When
the same batch of polysaccharide antigen was used
in both assays, mean titers were higher in the HA
test although the mean change in titer was essen-
tially the same (Table 6).

In an experiment using sera from children who
had received group C vaccine, seven individuals

TABLE 5. Comparison of latex agglutinationi (Lx)
and hemagglutination (HA) tests in adults

No. of subjects with antibody
rises'

Serogroup and No. of
category subjects

Lx pos. Lx neg.j Lx pos. Lx neg.
HA pos. HA neg. HA neg. HA pos.

C case ........ 18 15 3b 0 0
C carrier...... 22 20 2 0 0
Cvaccine. 90 87 3 0 0
B case........ 9 8 lb 0 0
A vaccine..... 50 46 4 0 0

a Fourfold rise considered significant.
bHigh unchanging titers.
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TABLE 6. Comparison ofmean titers oflatex agglu-
tination (Lx)-A and hemagglutination (HA)-A in
50 volunteers receiving group A polysaccharide
vaccine

Mean titera vs. indicated

Days after vaccination antigen

Lx-A HA-A

0 0.18 3.11
14 2.79 6.00

Mean titer change 2.61 2.89

a Number of reactive tubes (serial twofold
dilutions).

TABLE 7. Identification of immunoglobulin causing
latex agglutination following group C meningo-

coccal disease

Latex-C titer (log 2)

Day of
disease Whole Sucrose density gradient fractions

serum 1 2 3 4 5 6 7 8 9 10

1 0 000 0 0 0 0 0 0 0
7 5 1 2 1 1 0 0 0 0 0 0
10 5 1 2 2 0 0 0 0 0 0 0

< - ,+ Ig>
IgMa
u IgAa.

aImmunoglobulins G, M, and A.

failed to show antibody response by the HA-C
test and Lx-C test with a purified C antigen. All
seven showed a fourfold or greater Lx-C response
when a crude C antigen (saline extract) was used.
These positive results were confirmed by the very
sensitive radioactive ABA test.

Immunoglobulins active in the Lx test. Sera from
a patient with group C meningococcal disease
were examined for immunoglobulins active in the
latex system. Results of sucrose density centrifu-
gation (Table 7) and 2-mercaptoethanol treatment
showed all the activity to reside in the immuno-
globulin M moiety. A second patient tested by
2-mercaptoethanol treatment only also showed
immunoglobulin M activity exclusively.

Reproducibility. To determine the reproduci-
bility of the test, 30 consecutive tests on selected
sera which were assayed over a period of 1 to 4
months were examined. Tests were performed by
two different individuals. It was found that the
Lx-A test varied one dilution six times (0.20
tubes, average difference); the Lx-B and Lx-C
tests varied one dilution three times (0.10 tubes,
average difference); the Y test varied four times

(0.13 tubes, average difference). Thus, a 2-tube
change in dilution was considered significant.
Latex variation. Five different lots of commer-

cial Difco latex preparations were tested to deter-
mine whether latex variation might be important.
No difference was found.

Multiple latex sensitizations. Other experiments
have shown the feasibility of sensitizing latex
particles with multiple antigens (B, C, and Y
simultaneously). For this test, the three antigens
were mixed together at their optimum sensitizing
doses and incubated with the latex. Homologous
serum antibody titers were identical with mono-
or multiple-sensitized particles. The A antigen,
however, showed loss of sensitivity when added
to the other polysaccharides.

DISCUSSION
The Lx test has as its major advantage its sim-

plicity. The polysaccharide antigen can be ex-
tracted very easily from any meningococcal isolate
by simply suspending 6-hr-old cultures in PBS,
centrifuging, and using the supernatant fluid as
the antigen.

Latex particles of known size can be purchased
and sensitized without further treatment. The use
of such particles avoids the variables found in
human or animal erythrocytes which change
surface characteristics upon storage, often settle
unpredictably, and may require preabsorption of
the sera to be tested. Polysaccharide-sensitized
latex particles retain their properties when stored
for 2 months (in the case of the A polysaccharide)
or longer (in the case of B, C, and Y polysac-
charides). Thus, large batches of antigen may be
prepared and used for relatively long periods of
time.

In terms of sensitivity and specificity, the Lx test
is quite similar to the HA test for meningococcal
antibodies. The group A and B HA tests and the
group A and B Lx tests have shown differences in
antibody titers of normal and postvaccination
human sera even when the same lot of polysac-
charide was used for both assays. However, mean
titer increases were approximately equal in both
assay systems.
With respect to sensitivity, the Lx test is equal

to the FAB test when antipolysaccharide antibody
is being measured. The FAB test measures anti-
body against other antigens as well as the poly-
saccharide of the meningococcus, and, therefore,
this test is cross-reactive among the various men-
ingococcal serogroups. For example, studies done
on sera of carriers showed group-specific latex
antibody rises in the great majority of individuals.
However, most of these same individuals showed
FAB rises to heterologous as well as homologous
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serogroup antigens (2). The failure to demonstrate
Lx-B rises in 22 of 24 group B carriers was unex-
pected. Six of these men were also tested by
FAB-B and showed significant titer increases with
fluorescein-tagged immunoglobulins G and M
and antiglobulins. However, only 1 of 12 tested
by the group-specific, highly sensitive, radioactive
antigen-binding assay showed a group B poly-
saccharide titer increase. This same subject had a
Lx-B antibody rise. Therefore, the lack of anti-
polysaccharide response to group B carrier infec-
tion appears to be a true finding and not the
result of an insensitive latex test.
The Lx-B and -C tests also compared very

favorably with the highly sensitive, radioactive,
antigen-binding assay. However, the Lx test is
much simpler to perform.
A major factor in the latex system appears to

be the nature of the antigen preparation used. The
data presented above suggest that crude polysac-
charide preparations bind to latex particles more
firmly or in a greater quantity, or both, than
highly purified polysaccharides and thus provide
a more-sensitive indicator of antibody than the
highly purified materials. Whether the protein or
nucleic acid is the important "sticky" factor is not
yet known. No studies were done to determine
how much protein or nucleic acid, or both, was
necessary. That the sticky factor is primarily re-

sponsible for the ability of the polysaccharide
molecule to coat the latex particle and is not in-
volved in the antibody-antigen agglutination was
demonstrated by the ability of a highly purified
polysaccharide to inhibit the reaction.
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