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IMMUNOLOGIC INVESTIGATIONS OF MENINGOCOCCAL DISEASE

1. Group-Specific Neisseria meningitidis Antigens Present in the Serum of
Patients with Fulminant Menirgococcemia’

EARL A. ECWARDS
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¥ atents with fatal fulminent meningococcemia had readily detectable levels of
s0”.:hle group-specific meningococcal antigen in their sers. Patients with meningo-
cov:al meningitis who recovered did not give a positive test for meningococcel
antigen with the test described {counterimmunoelectrophoresis). The test is .apid,
sensi.ive and specific for meningococcal group-specific autigens. Three patients had
lovels of 1.5 ug/ml to 4.5 uz/ml of meningococcal antigen in their acute-phase bload
saraples. Such levels may signal the onset of fulminant meningococcemia. An im-.
portant relationahip yet to be determined is the threshold leve! of circulating meninge-
coccel antigen in tho serum and the reversibility of the disease process. Preliminury
observations indicate such 2 level may exist. The rapidity and specificlly of the
counterimmnunioelectrophoresis test for meningococcal antigen should permit its
use in studying spinal fluids, as well as serum, for rapid identification of the in-
fecting organism. Eight spinal fluids have been examined tc date for Neizseria
meningitidis entigen. The resuits al! agreeg with the isolation and identification
of meningococci by bacteriologic methode.
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The Iaboratory diagnosis of meningococeal dis-
cawe i3 generally accomplished by isolating the or-
ganism from the spinal fluid, blood, petechise
and/or from joiat fluids. Netsseria meningilidis
is identified by the Gram stain, agglutination re-
actions with grouping antisera and biochemical
tests. Cultursl procedures are time consuming
and technical problems often result in failure to

! From Naval Medical Kesearch Unit Number
4 (NAMRU-), Great Lakes. Illinois. This inves-
tigation was done in cennection with Research
Projest M4305.01-1013B, Bureau cf Medicine and
Burgery, Navy Department, Washington, D. C.
The opinions and assertions contained herein are
those of the author and are not to be construed as
official or as reflecting the views of the Navy
Department or the Naval Service at large. The
experiments reported herein were conducted
according to she principles enunciated in Guids
for Laboratory #ocililies and Care prepared hy
the Committee on the Guide for Laboratory
Animai Resources, National Academy of Sei-
ences-—Nationnl Research Council.

Reprint requests to: Commsnding Officer,
Naval Mcdical Research Unit Na. 4, Great Lakes,
IHinois GOOSS.
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isuiate or identifiy the infecting organism. A
rapid, reliable procedure which could be ueed to
identify group-specific meningococcal antigen
directly in the body fluids would greatly aid the
diagnosis of meningococeal infections. Several
investigators have demonstrated meningococcal
antigens in the spinal flvid of putients with menin-
gitis by using a standard precipitin technigue
(1-3). Because of the genernlly poor agresment
between the results so obtained and cliniesl diag-
nosis, this method has not bear. accepted as a
routine laboratory procedure.

This paper describes detectable circulating
soluble group-specific meningococcal antigen iu
the sera of patients with acute meringccoccal
disease. To date, circulating antiger has been
demonstrated only in those patients whe expired
soon after hospitalization.

MATERIALS AND METHODS

Since June 1067, approximateiy 10 ml of blood
have been taken within 24 hr of hospitsi ad-
mission from ull patients vath meningoeacca! dis-
easc For our study the sers were stored at —20°C
until they wen tested, the time of testing ranging

314
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from 1 week to 2.5 years from the time the sera
were collected. Sern from 23 patients were avail-
able for study, five of whom had expired shortly
after admission to the hospital. The sera of two
of these five paticuts weie collected post-mortem,
Nore of these men had received ancibiotics te-
fore blood was collected. Twenty-two of the 23
cases were confimed by isolation of meningo-
cocei from the spinal fluid. None of the spinal
fluids wers available for the present study.

Immuaodiffusion sudies. An Ouchterlony
double-diffusion precipitin tert was performed
using regular microscope slides covered with 3 ml
of a 17 agarose (Fisher Scientific Co., Pittsburgh,
Pa.) in 0.1 M barbital buffer, pH 8.6 (LKB 327¢-
VB Stockholm). A circular patiern of wells
around a central well was made in *he agar, the
center-to-center distonce of the wells Leing 7 mm.
Each well was 3 mm in dizmeter. The alides could
be used immediately or stored in a moist chamber
for several dsys and remain sntisfactory for use.
The ecentral aell was filled with rabbit meningo-
coccal group €' antisera (Difco Laboratories,
Detroit, Mich., lot 538071) and the wells around
thie centrai well were filled with the sera fron. pa-
tients with meningococesl disense.

Sera were anplied to the wells in the agar
least three times over a period of 1 hr, since a
single application did not prove satisfactory. The
multiple applications were aceorplished by add-
ing more reagent to the weils as the reagents
diffused through the agar. This occurred more
rapidly if the slides were at least 24-kr old. The
slides vere then incubated at room temperature
in a moist chamber.

Counlerimmunoelectrophoresis. Slides were cov-
ered with sgarose as catlined above. Kodak pro-
jection slides were alw» made, as described by
Gocke and Howe (4). Paralle) rows of wells, 3 mm
in diameter, were cut 1.5 te 3 mm apart Serum
samples for testing for mieningococenl antigen
were diluted 1:1 with 0.i3 M NaCl and 10 u! of
ecch serumy were placed in one rw of wells and
16 ! of autisera in the opposite row of wells. The
slidex were placed in « zimple eleetrophoresis ap-
parntus (Kullested  Laboratories, Minneapolis,
Minn.) with the vells containing: antiserum near
the anode side of the chumber. Flectrophorexis
was carsied out at room temperzture for 15 ram
using & constant eurrent of 3 mA microxcope
slide or 12 m\ ‘Kodak slide. Strips of Whiztman
No. 1 filter pajrer were used {ur electrade wicke.

Sensitivity of counterimmunoclectrophoresis.

Frigure 1. Demonstrution of Neizseria meningi-
tidis antigen in the acute sera of patients with
meningococenl discase. The center wells contain
rabbit meningococeal group C antisers. Kachk of
the peripheral wells contains serum from a putient
with meningococceal dizease. The five positive
precipitatior bands cecurred with the sera frem
prtients with fulminaut meningocovcemin who
expired within 24 hy after hoepitalization. Two
sera were obtained post-mortem.

Twofold dilutions of group {* meningoroceal poly-
saccharide vaecine? were made and 10 ul of cach
dilution were added to u row of wells cut on an
avprose-rovered Kodak »lide. Rabbit anti-menin-
sraeuecal group ( vxzrum was added to the row of
wells an the opposite side and electrophoresis
carried out rs described above. The highest dilu-
tion of the meningococeal antiger: showing a pre-
uipitate winch could be observed with the aid of a
3 X hand fens and s viewer (Kallosted Labora-
tories), was considered 10 be the minimal con-
centration of this antigen that could be detocted
by this procedure.

RESULTS

Figure 1 shows that 5 of 23 sera tested had a
levet of meningocoeea! aniigen that could be
dewonstrated by the Ouchierdony double-diiffu-
sion method. The five reacting sern were ob-
tained from patients who expired rapidly (within
24 hr after aduission). The 18 sera tint friled to
react were from pafients who had recovered nor-
mally from their infection after receiving pem-
cillin treatment. By close observation, precipitin
lines were detectable within 6 hr, and were rom-
pletely developed in 18 L.

Figure 2 shows the pattern observed using
countetimamunoeleetrophoresis. This methed is

fE. R Squith & Sons; meningeeonceal vaceine
u tigen prepared for Walter dired Army Institaie
of Research, containing 100 4g carbohydrste,ml,
{e C, January 7, 1969,
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more ~ensitive and wapid than the double-didusion
methad, ie., 15 min ez 4 to 6 he and longer de-
peading upon the antigen concentration}, and re-
yuired only a single spplieatinn of sertim justend
ef at Jeast three in the double-diffusion method,
Five of the sera were from patients who had ex-
pired from 7 to 24 hr after admission with ful-
minant meningococeemin, Two of these samples
were obtained post-mortem. No differvnice could
be seon in the precipitation of antigen from ihe
serum eolleeted before the patient espived and
that vollected post-mortem.

Figure 3 demonwzates the sensitivity of the
counterimmusiocleetrophoresis method. A Jevel of
0.015 g ml of polysaceleride could be deteeted
by unaided visuat observation, However, by using
a3 X hand lens aud a viewing box, this sensi-
tivity could be inereased at Jeast fonrfold,

Quantitative studies on sera from three patients
who eapived from fulininant meningococeemia re-
verlod levels of 1.3 to L5 gy ml of meningoenceal
antigen,

+ -

Fiyure 2. Newseria  meningitidis antigen  in
nente-phase seen demuonsteated by counterimmu-
noelectrophoresis. Nern 2, 3 and 7 were from
patients who expived within 28 he after hospitali-
petioon, Sera 18 and 19 were obtained post.mortem.
The vemaining sern were from patients who reeov-
ered with rontisie thepapy.

Reproduced from
best available copy.
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The specificity of the conmtesimmunoelectro-
phoresis method is shown in Figure 4. The Neis-
seria meningitidis A and B grouss antigens used
were those deseribed by Edwards and Driscoll

12.5 pg/ml
625 "
3.125 "
|1.562 "
0.781 "
0.23 "
0.195 "
0.0975"
0.04875"
0.02437"
0.01218 *
EMPTY

F Figure 3. Seasitivity of comterimmunonlectro.
phoresis v deteering Nefxxeria  weningitidis
group-xpecific polysaccharide antigen. Each well
coniained 10 gl of rewoent. Anode gide cotaained
N oneningitidis grongs € antiserem. Cathode side
vontained dthitim,  of meningococenl  polysae
charide antigen.

Fignree 4. Sevilicity of o torimmunoelectrn.
phoresis in idemtifsing  Neixwerin meningiticlis
antigens. Lefl-hand wells in rows 1, 503 and § corn-
tain rabint anti-mesingoescent grouping sera A,
R, C and ¥, peepectively. Righ!-hand arells in
cefumns 1, H o ond T comnin N, meningitifin
groupe A, B an:d C antigen, respectively
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(5). The N. meningitidis group C antigen was
from an acute-phase blood sample taken from a
patient who expired 9 hr later. As is seen, the test
provides a rapid and specific method of detecticg
and identifying meningococcal antigen.

DISCUBSION

Vincent and Bellot (1) were among the first to
demonstrate the precigitation of soluble meningo-
coceal antigen from the epinal fluid of indiiduals
with meningococeal meningitis. They performed
a precipitin test with the supernatant of centri-
fuged spinal fluid and polyvalent horse meningo-
cocca! antiserum. This test required 6 to 12 hr
before & final diagnosis could be made. Using &
similar technique, Alexander (2) was able to relate
the rapidity of the precipitin reaction to the
prognosis in cases of ineningitis. The more rapid
the uppearaes of the precipitin {within )0 min),
the greater the morta'ity rate.. Rake (3) found a
good correlation between the frftensity of the pre-
cipitin reaction and the numbe:s of organiams
present in the spinal rinid sediment.

Ot the two fechniques used here, counterim-
raunoelectrophoresis provided & more rapid and
sensitive {eat for detecting meningococeal group-
specific antigens. The detection of soluble antigen
in the seruin of patienis in the acute phase of
meningococcal disease is probably relsted to the
conceniration of organisms in the blood. The
findings in tkis study, however, strongly suggest
that if the serum from a pa‘ient with meningococ-

cal disease shows a precipitate under the condi-
tions of testing described, the proguosis is poor,
Three patients were found to have levels of 1.5
ug/ml to 4.5 ug/ml of meningococeal sntigen in
their acuta-phase blood samples, These leveis may
signal the onset of fulminant meningococoemis.
An important relationship, yet to be determinad,
is the threshold level of circulating meningocoes-
cal antigen in the serum and the reversibility of
the disease process. Preliminery obeervations
indicate that such a level may exist (&. A. Ed-
weards and P, Muehl, to be published).

The rapidity and specificity of the ccunterim-
munoelectrozhoresis test for meniagococcal anti-
gen should permit its use in studying spinal fluids,
as well as serum, for rapid identification of the
infecting organism. To date, eight spinal fluids
have been 80 examined for N. meningitidis auti-
gen. The results all agreed with the isolation and
identifieation of meningococci by bacteriologic
methods. However, the results using counterim-
munoelectrophoresis were avsilable within 30 mie
after the sarnples were received.
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