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Summary. To assess the applicability of a whole-cell ELISA (WCE) with monoclonal
antibodies (MADbs) for lipo-oligosaccharide (LOS) immunotyping of Neisseria meningitidis,
675 meningococcal isolates obtained in 1989 and 1990 in the Netherlands and 57 isolates
collected in 1974, of which the immunotype had been determined previously by micro-
precipitation, were analysed. Despite the lack of specific MAbs for L2 and L4, an algorithm
was developed for the assignment of immunotypes on the basis of the reaction patterns of the
reference strains and these isolates to a combination of 14 MAbs. The immunotypes found by
WCE were in accordance with those obtained by microprecipitation and the results from
WCE were reproducible. The distribution of immunotypes among isolates of the various
serogroups in the Netherlands in 1989-1990 is presented. Based on the reaction patterns of
the isolates, two main categories of related immunotypes could be distinguished among
isolates of serogroups B and C: L2/L4 and L3/L1/L8. Some isolates of the latter category
were of one immunotype, but many isolates expressed one or two additional immunotypes,
either strongly or weakly, indicating that the differences in this category are quantitative
rather than qualitative. The results of this study have demonstrated that the WCE method for
LOS immunotyping is easily applicable and provides better definition of test strains for in-

vitro bactericidal assays and research into pathogenesis.

Introduction

In 1985, a scheme was proposed for the charac-
terisation of Neisseria meningitidis isolates.' It con-
sisted of a combination of serogroup, serotype, sub-
type and lipopolysaccharide (LPS) serotype. The name
of the last of these was changed to lipo-oligosaccharide
(LOS) immunotype (IT) after it had been
demonstrated that the oligosaccharide structure of the
LPS of the meningococcal outer membrane deter-
mined the LPS serotype.? Serogrouping, serotyping
and subtyping have proved useful for studying the
epidemiology of meningococcal disease, but LOS
immunotyping is not regularly incorporated into these
studies. LOS immunotyping has been hindered by the
complexity of the methods involved,®* but in recent
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years an increasing number of monoclonal antibodies
(MAbs) has been developed, (facilitating
immunotyping.®>’ However, there is still no MAb
available for every IT. Moreover, the interpretation of
immunotyping results is difficult, because meningo-
cocci often express several ITs, and the expression of
ITs may be influenced by growth conditions.®** 1! At
present, 11 different LOS ITs are recognised: L1-L11,
of which L3, L7 and L9 are closely related
immunochemically.®*# 12 The chemical structure of
the terminal structures of L1-L6 and L8 has been
elucidated.’®*® Recently, two new LOS ITs (L12 and
L13) were described among meningococci of sero-
group A, but it is not yet clear whether they represent
unique LOS structures. L9-L11 are found pre-
dominantly among serogroup A meningococci, and
L2-14 among serogroups B and C.>*81%20 Know-
ledge of the distribution of LOS ITs among serogroup
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B meningococci might become of special interest,
because the LOS is a potential vaccine candidate.?!
The aim of this study was to evaluate the ap-
plicability of the method of whole-cell ELISA (WCE)
for LOS immunotyping with MAbs. Despite the lack
of specific MAbs for every IT, it was possible to
develop an algorithm for the assignment of immuno-
types, based on the WCE results. The ITs of 57 patient
strains collected in 1974, were determined by WCE,
and the results were compared with the previously
described results of microprecipitation.* The
reproducibility of the WCE method was assessed by
comparing the immunotyping results of two separate
cultures of 116 isolates. The distribution of LOS ITs
among 563 consecutive patient strains, obtained in the
Netherlands in 19891990, and their association with
the serogroups, serotypes and subtypes is reported.

Materials and methods

Bacterial isolates

Since 1958, isolates of N. meningitidis from the
blood or cerebrospinal fluid (CSF) of patients in the
Netherlands with meningococcal disease have been
sent on chocolate agar slants from regional
laboratories to the Netherlands Reference Laboratory
for Bacterial Meningitis in Amsterdam. Upon arrival,
the isolates are serogrouped® and stored at —70°C on
glass beads as suspensions in glycerol 15% broth.

In this study, the isolates from 563 consecutive
patients with meningococcal disease, collected in the
period from 1989 to 1990, were examined. Isolates
from both the blood and CSF were obtained from 112
patients, giving a total of 675 isolates for analysis. Also
included were 57 patient isolates, collected in 1974, of
which the IT had been determined previously by
microprecipitation.* The following reference strains
were used: 126E (L1), 35E (L2), 6275 (L3), 891 (L4),
M981 (L5), M992 (L6), 6155 (L7), M978 (L8), 120M
(L9), 7880 (L10) and 7889 (L11).

The isolates were cultured overnight on chocolate
agar plates at 37°C in a humid atmosphere containing
CO, 5%. The bacteria were scraped from the plates
with cotton swabs, suspended in phosphate-buffered
saline (pH 7-2) and heat inactivated for 30 min at 56°C.
The concentration of the suspensions was adjusted to
an optical density (OD) of ¢. 0-100, measured in a
standard l-cm cuvette at 620 nm with a Titertek
Multiscan (Flow Laboratories). The suspensions were
stored at 4°C until processed further.

Serotyping and subtyping

Serotyping and subtyping were performed by a
WCE, as described previously.?® The panel of MAbs
included antibodies against serotypes 1, 2a, 2b, 4, 14,
15 and 16, and subtypes P1.1, P1.2, P1.4, P1.5, P1.6,
P1.7, P1.9, P1.10, P1.12, P1.14, P1.15 and P1.16. The
MAD against subtype P1.5 (Mn22A9.19) has been
developed recently and was shown to be specific for the

class 1 outer-membrane protein (OMP) by immuno-
blotting analysis.

LOS immunotyping

LOS immunotyping was done by WCE, as described
previously,®® with MAbs against LOS of N.
meningitidis. The MAbs were produced and tested for
specificity as described elsewhere.” 2% % Generally,
outer-membrane complexes were used as immunising
and detecting antigens to develop OMP-specific
MAbs.?* % Several LOS MAbs have been isolated
during the development of OMP MAbs. These have
been characterised by immunoblotting and WCE, and
the most useful ones were used in this study. MAbs
Mn4DI1B3 and Mn4A8B2 were made after immu-
nisation  with  oligosaccharide-tetanus  toxoid
conjugates.’® The panel of MAbs is shown in table 1.
MAbs 17-1-L1, 9-2-13,7,9, 2-1-L8 and 14-1-L10 were
from the laboratory of W.D.Z. All MAbs are of the
IgG class, except Mn4D1B3, which was IgM. For this
MADb, anti-mouse immunoglobulin was used as a
conjugate in the WCE instead of protein-A-peroxi-
dase. The ELISA results were read with a Titertek
Multiscan (Flow Laboratories) at 450 nm. The OD
cut-off values for a positive reaction in the WCE
depended on the MADb, the non-specific background
value of negative controls and the intensity of the
reaction with positive controls. The reaction pattern of
each isolate to the panel was determined on the basis of
the individual OD cut-off values of the MAbs.

To assess the comparability of the WCE method
with the microprecipitation method for immuno-
typing, the WCE results of the 57 isolates collected in
1974 were compared with the results obtained pre-
viously by microprecipitation.*

To assess the reproducibility of the WCE method
for immunotyping, the 57 isolates obtained in 1974, as
well as 59 of the isolates obtained in 1989-1990, were
cultured and immunotyped twice, and both ITs of
each of the 116 pairs were compared.

Results

Reference strains

Table I shows the reactions of the 14 MAbs with the
11 LOS reference strains in the WCE. Five MAbs
reacted exclusively with one reference strain:
Mn14F21-11 and 17-1-L1 with strain 126E (L1), 14-1-
L10 with 7880 (L10), Mn3A8C with M981 (L5) and
Mn4CIB with M992 (L6). The other nine MAbs
reacted with two or more reference strains, indicating
the presence of shared or additional LOS epitopes on
some reference strains.

Assignment of LOS immunotypes

On the basis of the observed reaction patterns of the
675 patient isolates from 1989-1990 with the 14 MAbs,
and the knowledge of the reactions of the various
MAbs with the reference strains, an algorithm for the
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Table I. MAbs used for LOS immunotyping of N. meningitidis and results of immunotyping of 11 LOS reference strains in a

WCE
OD in WCE with strain no. (immunotype)

MAb 126 35E 6275 891  M981  M992 6155  M978  120M 7880 7889

@y (L2 L3 (L4 L5  @Le (L) (@18 (L9  (LI0) (LI
Mn14F21-11 18 01 01 01 01 01 01 o1 01 01 01
17-1-L1 24 02 02 02 02 02 02 03 03 01 02
Mn14F20-11 06 o1 01 o1 01 01 02 25 02 05 17
Mn13H21 13 02 04 01 o1 01 06 22 14 18 19
2.1-18 17 03 06 02 02 02 06 24 11 14 17
14-1-L10 01 01 01 01 01 01 01 o1 01 19 01
MnlIAI1G 01 02 08 01 01 01 o1 01 03 02 06
Mnl5A17F12 01 08 17 03 08 01 18 06 21 20 o1
9-2-1.3,7,9 01 10 23 03 07 01 24 22 24 02 01
Mn1SAS-1 02 20 23 17 21 02 21 19 23 02 01
Mn4DI1B3 02 05 16 02 02 02 17 13 16 02 02
Mn4A8B2 01 01 1'5 01 01 o1 16 03 16 ) o1
Mn3A8C 01 o1 01 01 1-9 01 01 01 01 01 ol
Mn4CIB 01 02 01 03 01 14 01 01 0-4 01 01

Table II. Algorithm for the assignment of LOS ITs of N. meningitidis as determined in a WCE with a panel of 14 MAbs

MAb

Reaction given by immunotype

L1 L2t

L3

L4 L5 L6 L8t L10 LIl

Mnl4F21-11 and/or 17-1-L1 +
Mn14F20-11

Mnl3H21 and/or 2-1-L8
14-1-L10

MnllAllIG
Mnl5A17F12

9-2-13,7,9

Mnl5A8-1

MndD1B3

MndA8B2

Mn3A8C

Mn4C1B

|

4+ 4

+, positive reaction; —, negative reaction.

+ L2 was assigned in the case of a positive reaction with Mn15A8-1 and either or both of MAbs Mn15A17F12 and 9-2-L3,7,9.
1 L11 was assigned in the case of a positive reaction with both Mn14F20-11 and Mn11A11G and a negative reaction with Mn4A8B2.

Table III. Examples of reaction patterns of isolates of various ITs and IT combinations to a panel of 14 MAbs in a WCE

Reaction obtained with strain no. and 1T

MAb

LI L8 L1g L2 L3 L3 L3 L3,1

892633 900997 901005 891357 892385 900755 900820 892463 891177 900747 891021 892214 M981 M992 900714 891165 900018 900100 892411 7889
L3,1

L3,1,8 L38 L4 Ls L6 L8 L8 L1810 L10 LloI1 LI1

Mnl4F21-11/17-1-L1 +
Mnl14F20-11
Mnl13H21/2-1-1L.8
14-1-L10
MnllAlIG
Mnl5A17F12
9-2-L3,7.9
Mn15A8-1
Mnd4D1B3
Mn4A8B2
Mn3A8C
Mn4C1B

+ £+
+ 4+
+ 4+
.

+ 4=
+ 4+
+4+ o+t
+4
4+t 4
+4+++

+

w

+ o+t

++ +
++

£ 4+ 4+ ++
+ o+ +

+ £+ %

+ 4t

+ o+t
o+

+, Positive reaction; w, weak positive reaction.

assignment of ITs was developed (table II). The
following ITs were discerned: L1, 1.2, L3, L4, L5, L6,
L8, L10 and L11. L7 and L9 could not be separated
from L3 by this set of MAbs, and were considered to
be L3. An isolate was labelled L3 if it reacted with
MADb Mn4A8B2. Almost all L3 isolates also reacted

with MAbs Mn4D1B3, Mn15A17F12, 9-2-L3,7,9 and
Mn15A8-1, and many with Mnl1A11G. An isolate
was assigned to L8 if it reacted with Mn14F20-11, with
one exception: if an isolate reacted with both
Mnl4F20-11 and MnllAllG, and not with
Mn4AS8B2, it was labelled L11. The majority of the L8
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Table IV. Comparison of LOS ITs of 57 meningococcal
isolates obtained by microprecipitation with polyclonal
antibodies* and WCE with MAbs

IT determined by
Number of isolates

Microprecipitation WCE

L1 L1 1
L1 L18 1
L8 L18 3
L8 L8 2
L2 L2 16
L2 L2,1 1
L2 L8 1
L2.11 L2 1
L3 L3 19
L3 13,8 4
L3 L8 1
L3,1,8 L3,1,8 2
L3,1.8 L3,8 1
L6 L6 1
L10 L10 1
Non-typable L2 1
Non-typable Non-typable 1

Table V. Comparison of LOS ITs of 116 meningococcal
isolates of two separate cultures obtained by WCE

IT determined in
Number of isolates

culture 1 culture 2
L1 L1 2
L1,8 L1,8 15
L2 L2 28
L2 Non-interpretable 2
L2,1 L2 1
L3 L3 30
L3 L3,6 1
L3,1 L3,1 2
L3.1 L3,1,8 1
L3,1,8 L3,1,8 4
L3,1,8 L3,8 1
L3.8 L3 2
138 L3,8 9
L4 L2 1
L6 L6 1
L8 L8 9
L8 L18 1
L8 Non-typable 1
L8,10 L8,10 1
L10 L10 1
Non-typable Non-typable 1
Non-interpretable L2 1
Non-interpretable ~ Non-interpretable 1*

* Both cultures showed identical MAD reaction patterns.

isolates also reacted with MAbs 2-1-L8 and Mn13H21.
Because there were no immunotype-specific MAbs for
L2 and L4, the assignment of these immunotypes was
based on the reaction pattern of an isolate with several
MAbs. Isolates were assigned to L2 if a positive
reaction was found with Mnl15A8-1 in combination
with either one or both of MAbs Mn15A17F12 and 9-
2-1.3,7,9, and negative reactions with MAbs
Mn4A8B2, Mn4DI1B3, MnllAllG, Mn3A8C,
Mni3H21, 2-1-L8 and Mnl14F20-11. If the latter
reaction pattern was observed in combination with

negative reactions with both Mn15A17F12 and 9-2-
L3,7,9, the IT was assumed to be L4. Because the
combinations L.2,8 and 1.4,8 are assumed not to exist
(see Discussion), an additional positive reaction with
MAD Mnl14F20-11 excluded ITs L2 or L4 and the
isolate was assigned to L8. The assignment of isolates
to immunotypes L1, LS, L6 and L10 was based on a
positive reaction with the specific MAbs described
above. All L10 isolates also reacted with
Mnl15A17F12. Combinations of immunotypes, such
as 1,8, L3,1,13,1,8, and L3,8 were also discerned. A
positive reaction with Mnl5A8-1 (with or without
Mnl15A17F12 or 9-2-L3,7,9) on the one hand, and
Mnl13H21, 2-1-L8 or Mn4D1B3 on the other, was
considered non-interpretable in the absence of a
positive reaction with one of the other MAbs. Isolates
that failed to react with any MAb were labelled non-

typable (NT).

ITs and M Ab reaction patterns

Table I1I shows examples of the reaction patterns of
isolates of the various ITs and IT combinations. For
ITs L2-L6, isolates with a “pure” reaction pattern
were found. However, all L1 and L10 and many L3
strains showed some reaction with the L8 groups of
MADbs (Mnl13H21 and 2-1-L8), and many L8 isolates
with the L3 group (Mn4D1B3, Mnl15A17F12, 9-2-
L3,7,9, Mn15A8&-1), indicating that the isolates under
consideration partly expressed other ITs. The ref-
erence strains 126E (L1), 6275 (L3), M978 (L8) and
7880 (L10) did not show “pure” patterns (table I). It
was impossible to assign an IT to 12 of the 675 isolates,
because of a non-interpretable reaction pattern. Only
five isolates were NT. ITs L5 and L6 were found only
among the reference strains.

Comparison of immunotyping by WCE and
microprecipitation

The ITs obtained in the WCE, with MAbs agreed
well with those previously obtained by micro-
precipitation with polyclonal antibodies (table IV).*
Of the 57 isolates tested, 44 (77 %) showed identical
ITs in both methods. For three isolates (5%) the
results of the two methods disagreed completely. One
isolate was immunotypable as L2 by WCE and yet NT
by microprecipitation. A second culture of this isolate
was again found to be L2 by WCE. One isolate, which
was L2 by microprecipitation, was repeatedly L8 by
WCE. The third isolate, which was L3 by micro-
precipitation, was first designated L8 by WCE,
whereas a second culture of this isolate was NT by
WCE, although it reacted weakly with the L8 group of
MAbs. For 10 isolates (18 %) minor differences were
observed. Two isolates that were L8 and one that was
L3,8 by WCE were typed L.1,8 and L3,1,8, respectively,
by microprecipitation. However, it was not possible to
discriminate between L8 and L1,8 or L3,8 and 1L.3,1,8
by microprecipitation with polyclonal antibodies.
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Table VI. Distribution of LOS ITs/serogroup among 562
meningococcal isolates from patients with meningococcal
disease in the Netherlands, 19891990

Number (%) of strains of serogroup

IT

A B C Other  Total
L1 0 3D 0 0 3(D)
L1,8 0 4611 2@ 16 4909
L2 0 42(10) 31(30) 7(37) 80(14)
L2,1 0 1(0) 0 0 1(0)
L3 7(54) 151(36) 39(37) 7(37) 204(37)
L3,1 0 16 (4) 1(1) 150 18(3)
L3,1,8 0 72 33 0 10(2)
L3,8 18 11528 7(7) O 123 (22)
L4 0 16(4) 16(15) 2(11) 34(6)
L8 0 19 (5) 33) 0 22 (4)
L8,10 0 2(0) 0 0 2(0)
L10* 431 0 0 0 4(1)
Non-typable 1(8) 0 33 1(5) 5
Non-interpretable 0 7 0 0 7
Total 13 425 105 19 562

* Includes one L10,11 isolate.

Reproducibility of the WCE method for LOS-
immunotyping

The results of immunotyping by WCE of two
separate cultures of 116 isolates are shown in table V.
Both ITs were identical for 104 pairs (90 %); seven
pairs (6 %) showed minor differences, and in five pairs
(4%) a major difference was found. The major
difference for one pair (L8 and NT, respectively)
pertained to an isolate that also showed a different
result when WCE was compared with micro-
precipitation. The second culture of this isolate reacted
weakly with Mn14F20-11 (L8). In three discordant
pairs, one of the isolates was typed as 1.2 and the other
showed a non-interpretable result. In the last dis-
cordant pair, the first isolate was L4 and the second
L2. In five of the seven pairs with a minor difference,
the difference was due to a weak reaction with a MAb
essential for that specific IT assignment, and in two
instances there seemed to be a true additional IT in one
of the two cultures from each isolate.

Distribution of LOS ITs among meningococcal
isolates obtained in 1989-1990

Isolates from both CSF and blood were obtained
from 112 of the 563 patients. In the majority of the 112
paired strains, both ITs were identical. Only 16 pairs
(14 %) showed a difference. In five of these 16 pairs the
differences were striking. One pair showed totally
discordant IT results (L2 and L1,8) and these two
isolates did not have a positive reaction in common
with any of the 14 MAbs. In one pair, the blood isolate
was L2 and the CSF isolate L4. In three instances, one
isolate of each pair reacted strongly with Mn4A8B2
(L3), whereas the other did not react (two isolates), or
reacted only weakly (one isolate). In the 11 pairs with
only minor differences, the differences pertained to the
presence or absence of an additional L8, but in 10 pairs

the non-L8 isolate reacted weakly with Mn14F20-11
(L8), indicating the presence, although weakly ex-
pressed, of an additional L8 IT. In the analyses of the
results, only one strain from each patient was included.
The L2-L4 pair was considered to be L2, and the other
14 different pairs were considered to be L3,8. The
completely discordant pair was omitted, leaving 562
isolates for further analyses.

Table VI shows the distribution of LOS ITs by
serogroup among 562 meningococci obtained in
1989-1990 from patients with meningococcal disease.
The most prevalent I'Ts are L3 (37 %), L3,8 (22%), L2
(14%), L1,8 (9 %) and L4 (6 %). The distribution of
ITs differed in the various serogroups. The 13 sero-
group A isolates were either L10 (one isolate expressed
both L10 and L11), or L3 or a related IT, and one
isolate was NT. In 425 serogroup B isolates, seven
showed a non-interpretable IT result. 1.3 and the
related ITs L3,1, L3,1,8 and L3,8 predominated
(69 %), and L2 and L4 accounted for 10% and 4 %,
respectively. In contrast, almost half of the 105 sero-
group C isolates were L2 or L4 (30% and 15%,
respectively). L1, L8 and L1,8 comprised 17 % of the
serogroup B and 5% of the serogroup C isolates.
Other serogroups, which were rare, gave various ITs.

Association of IT and sero(sub)type

Of the 13 serogroup A isolates, seven were
A:NT:P1.16:L3. The two A:4:P1.10 isolates were
L10and L10,11 respectively, and of the three A:4:P1.9
isolates, two were L10 and one was NT. The exotic
A:15:NT isolate was L3,8.

Within both serogroups B and C, L2 and L4 were
strongly associated with the serotypes 2a and 2b. Of
the 15 B:2a isolates, three (20%) were L2 and 10
(67 %) were L4, and of the 44 C:2a isolates, 18 (41 %)
were L2 and 10 (23 %) were L4. L2 and L4 were found
in 45% and 9% of the 11 B:2b isolates, and in 31%
and 8 % of the 13 C:2b isolates, respectively. Among
the serotype 2a and 2b isolates of these serogroups, no
L1, L1,8 or L8 was found. L3 and related ITs were
present in 124 (69 %) of 181 B:4 isolates and in 38
(88 %) of the 43 B:15 isolates (88 %), whereas the
percentages of the L1/L8 category of ITs were 25%
and 7%, respectively. Serogroup B isolates with
subtype P1.4, P1.5, P1.15, P1.16 or P1.7,16 were
mainly of the L3 and L1/L8 category of ITs, ranging
from 71 to 91 % and 0 to 26 %, respectively, but those
with the subtypes P1.2 or P1.5,2 were mainly associ-
ated with L2 (57 % and 15 %) and L4 (14 % and 30 %).
The latter association also applied for serogroup C: all
three P1.2 isolates were L2, and of the 36 P1.5,2
isolates, 17 (47 %) were L2 and eight (22 %) were L4.
Of the 16 subtype P1.5 isolates of serogroup C, L3 and
related ITs were found in 69 %. Among the 116isolates
of the most prevalent phenotype (B:4:P1.4) in the
Netherlands, only three (3 %) were L2, 83 (72 %) were
L3 or a related IT, and 30 (26 %) were of the L1/L8
category. For the 31 isolates of the ‘“Norwegian”
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phenotype B:15:P1.(7,)16, these percentages were
6%, 94 % and 0 %, respectively.

The other serogroups were heterogeneous with
regard to both sero(sub)type and IT.

Discussion

The various surface structures of N. meningitidis are
useful tools for studying the spread of meningococcal
disease. In the past decade several MAbs against LOS
have been developed. This has enabled immunotyping
by WCE to be performed easily and on a large scale.
Despite this improvement, only a few studies con-
cerning N. meningitidis have included LOS ITs. A
reason for this might be the absence of specific MAbs
for some ITs, such as L2 and L4. In this study, MAbs
Mnl15A8-1, Mnl15A17F12 and 9-2-L3,7,9 were found
to react with the L2 reference strain and Mn15A8-1
with the L4 reference strain. These MAbs, in com-
bination with 11 others, enabled an algorithm to be
developed whereby the ITs are assigned on the basis of
the reaction pattern of the isolates to this panel of
MADbs. ITs L1, L5, L6 and L10 are easily recognisable,
because specific MAbs are available. MAbs Mn4A8B2
and Mnl4F20-11 were found to be suitable for
determining L3 and L8, respectively. L3, L7 and L9,
which are immunochemically identical,®* could not be
separated from each other by the panel of MAbs.
Because the chemical structures of L7 and L9 are not
known, isolates of this IT complex are labelled L3. ITs
L2and L4 are assigned by exclusion (based on negative
reactions with other MAbs, apart from a positive
reaction with Mn15A8-1 and either one or both of
Mn15A17F12 and 9-2-L3,7,9). Therefore, inaccuracy
in the laboratory can lead to errors and mis-
classification. However, the immunotyping results
obtained by WCE with MAbs, and this algorithm
were similar to those obtained in an earlier study by
microprecipitation with polyclonal antibodies.® A
discordant IT result was obtained with only three of 57
strains. Because of the lack of a gold standard, these
differences could be due to errors in either of the two
methods. However, for two of the strains the difference
may be attributed to the microprecipitation method,
because the ITs of two separate cultures of the same
isolate determined by WCE were identical. In 10
strains, subtle differences occurred, indicating the
presence of additional ITs among related ITs (see
below). Unfortunately, no L4 strain was present
among these 57 isolates tested for comparability.
Therefore, the exact assignment of L4, remains un-
certain.

The immunotyping results obtained by the use of
the algorithm were reproducible. When comparing the
ITs determined by WCE of two separate cultures of
the same isolate, only five (4%) discordant pairs
among 116 pairs were found. In three of these pairs,
one of the cultures resulted in L2 and the other in a
non-interpretable result. The difference in the fourth
pair (L4-L2) was inherent in the method used, and in

the last pair a shift from L8 to NT was found, possibly
due to laboratory error. This also seems to have been
the cause of five of the seven minor differences between
the paired test results. The remaining two minor
differences could have been caused by plate effects,
which seem to occur but only rarely.

The algorithm is appropriate for LOS
immunotyping of serogroup B and C meningococci.
For serogroup A, the scheme is less suitable, as no
MAD is yet available for L11 or the recently discovered
ITs L12 and L13.® The assignment of isolates to L11
is possible, but rather complicated. However, there
were remarkable findings among the 13 serogroup A
meningococci in our study. Of the five group A isolates
with a typical group A serotype-subtype combination
(4:P1.9 and 4:P1.10), four isolates expressed the L10
IT and one was NT. The eight remaining serogroup A
isolates were of a serotype (serotype 15) or subtype
(P1.16), which are typical of serogroup B, as are L3
and L3,8, which were also expressed by these isolates.
This suggests a recent switch of the capsule of strains
that were originally serogroup B to serogroup A.

Based on the reaction patterns found among sero-
group B and C meningococci, two main categories of
related ITs can be found within these serogroups; one
category is L2/1.4, and the other L3/L1/L8. In view of
the chemical structure of the different ITs (figure), it is
conceivable that an L3 strain is able to express also L1
or L8, or both, because the terminal structures of these
three ITs differ only slightly.’®6!® Considering the
reaction patterns of isolates belonging to the
L3/L1/L8 category, all L1 and many L3 strains
reacted weakly with the L8 group of MADbs, and many
L8 strains reacted weakly with the L3 group. There-
fore, the differences in this category seem to be of a
quantitative rather than a qualitative nature. This
suggests the existence of a related group of L3, L1 and
L8 ITs with subtle or more pronounced IT varieties
and a possible shift of ITs. In this respect, it is
remarkable that in Britain a major difference has been
discovered between carrier isolates (mostly L1/L8)
and case isolates (L3).*"

The reference strains of the L3/L1/L8 group of ITs
did not show “pure” reaction patterns. Strain 126E
(L1) also reacted with the L8 group of MAbs, strain
M978 (L8) with the L3 group and strain 6275 (L3)
weakly with the L8 group (table I). None of our
isolates showed a “pure” L1 reaction pattern, but
strain no. 892385 (table III) reacted solely with the L3
group. Strain no. 900714 (table III) seemed to perform
better than the original L8 reference strain M978
(table I), although it reacted weakly with two of the L.3
group of MAbs. The same reasoning may apply to
strain no. 900100 as a reference strain for L10. The
above-mentioned strains from our series could be used
as new reference strains until new strains expressing a
single IT have been constructed by recombinant DNA
technology.

With the chemical structure in mind, the dissimi-
larity between the L2/L.4 and L3/L1/L8 categories is
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L3
L8

L1

L4
L6

O = glucose

D = galactose

O = N-acetylglucosamine

Figure. Primary structure of meningococcal oligosaccharides of ITs L1, L2, L3, L4, L6 and L8.'36.1® Differences between the various
immunotypes are presented on the left of the dotted line. The arabic numbers indicate the position of the binding site; a.f indicate the
anomeric configuration. KDO, 2-keto-3-deoxyoctulosonic acid; PEA, phosphoethanolamine; HEP, heptose.

based on the location of the phosphoethanolamine
group, and a shift of ITs between those two categories
is very unlikely. We have not found ITs of these
unrelated categories in the same pair of any of the 116
isolates which were cultured twice. Among the 112
pairs of isolates, obtained from the blood and CSF of
the same patient, one pair showed unrelated ITs (L2
and L1,8). An erroneous interchange of isolates of two
different patients could have taken place, because the
reaction patterns of the two isolates differed com-
pletely. The occurrence of L1 among L2 or L4 isolates
is theoretically possible. We have found this com-
bination only rarely, and doubt its true existence.
During 1989-1990, L2, L3 and L4 were the most
prevalent ITs among serogroup B and C meningococci
in the Netherlands. Among these serogroups, two
main categories of related serotypes, subtypes and
immunotypes could be distinguished during this
period. The serotypes 4 and 15, the subtypes P1.4,
P1.5, P1.15, P1.16 and P1.7,16 were associated with
the ITs of the L3/L1/L8 category, and the serotypes
2a and 2b, the subtypes P1.2 and P1.5,2 with the ITs
L2 and L4. The first category was typical of serogroup
B, and the second of serogroup C. The B:4:P14
phenotype, which is at present the most prevalent in
the Netherlands,?® belonged almost exclusively to the
L3 complex, as did the “Norwegian” B:15:P1.7,16

phenotype in the Netherlands.?® The epidemiological
value of LOS immunotyping seems to be limited
compared to the other meningococcal surface markers,
because there are only a few different IT categories and
the IT differences within the L3/L1/L8 category
apparently are more quantitative than qualitative.
The LOS IT is considered to be a virulence de-
terminant.?” Isolates of ITs with a terminal lacto-N
neotetraose unit (L2-L5, L7 and 1L9) are capable of
endogenously sialylating their LOS, which renders
them seroresistant by down-regulation of the alterna-
tive complement pathway.'*'* L1, L6 and L8 strains
are not structured in this way, and are
serosensitive.'®'* Theoretically, serosensitive strains
should be isolated more often from carriers, and this
indeed was found to be the case in Britain.*” However,
a relatively large proportion (13%)of L1, L1,8 and L8
strains, not expressing or only weakly expressing L3,
was found among our patient isolates in the period
1989-1990. It is possible that a carrier strain of the
L1/L8 category shifts to the L3 group during col-
onisation, enabling the isolate to evade the host
defence mechanisms and cause disease. The high
proportion of these L1/L8 isolates among our patient
strains could be due to a shift from L3 to L1/L8. A
similar association could be postulated for L2, L4 and
L6, but we did not find any L6 isolates or combination
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of L6 with L2 or L4 amongst our patient isolates from
this period. Unfortunately, no carrier strains were
available for this study.

This study has demonstrated that it is possible to
carry out meaningful LOS immunotyping of
meningococci by the use of carefully selected MAbs,
despite the lack of specific MADbs for L2, L4 and L11.
The assignment of these ITs is complicated and the
development of specific MAbs is warranted. The
method is easily applicable for epidemiological re-
search, and provides the possibility of better definition
of test strains for in-vitro bactericidal assays and
pathogenesis studies. Future studies to determine the
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