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SUMMARY

To know the types of meningococcal strains in Spain, we serotyped and
subtyped 743 Neisseria meningitidis isolates recovered between 1990 and 1992
from patients. A great number of serogroup B, serogroup C and non-groupable
meningoccoci reacted with the serotyping reagents while many serogroup C and
non-groupable isolates did not react with the serosubtyping reagents (78:2% and
54-8% respectively); only 89% of serogroup B meningococci were non-
subtypeable (NST). Distribution of serotypes was similar in serogroup C and in
non-groupable strains. Isolates showed great variability in antigenic phenotypes
{71 in serogroup B, 20 in serogroup € and 25 in non-groupable meningococci). The
most frequent antigenic combinations were 4:P1.15 (39:8%) in serogroup B,
2b:NST (55:8%) in serogroup C and 2b:NST (35:6%) in non-groupable
meningococci.

INTRODUCTION

Meningococci have been classified into 13 serogroups based on their capsular
polysaccharide, further subdivided into serotypes with class 2 or 3 outer membrane
protein (OMP) specific monoclonal antibodies (McAbs) and into subtypes with
class 1 OMP specific McAbs [1].

Serotyping of Neisseria meningitidis is important not only for epidemiological
studies but underpins the development of meningococcal vaccines. Most present or
proposed vaccines to protect against serogroup B disease include class 1 and class
2 or 3 OMP as vaccine components [2, 3].

Serotype and serosubtype reagents have been used in epidemiological studies
and some specific types of strains have been associated with epidemic periods
(4-6].

In Spain, in 1979 there was an epidemic period with an incidence of 176 per
100000 inhabitants [7]. This high incidence later declined to 3-5 in 1991. Since
1990 we have included sero/subtyping with specific monoclonal antibodies as
epidemiologic markers for all meningococcal strains studied in our laboratory, in
order to determine if meningococci isolated in Spain are similar to meningococcal
strains from other European countries.
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MATERIALS AND METHODS

We studied 748 strains of Neisseria meningitidis isolated from patients with
meningococcal disease during 1990-2 from different areas of Spain. These strains
represent about 20 % of the meningococcal disease cases reported in Spain at this
time.

Isolates were confirmed as N. meningitidis in our laboratory as described
previously [7]. Serogroups were determined by slide agglutination. The sera used
were produced in our laboratory by inoculating rabbits using the strains and
inoculation protocol already described {7].

Serotypes and subtypes were determined by a whole cell enzyme-linked
immunoassay (EIA). Antigens were prepared as described by Abdillahi and
Poolman [1]. Monoclonal antibodies with serotype specificities 1, 2a, 2b, 4, 14, 15
and subtype specificities P1.1, P1.2, P1.3, P1.4, P1.6, P1.7, P19, P1.10, P1.12,
P1.14, P1.15 and P1.16 were supplied by Dr J. T. Poolman (RIVM, Bilthoven,
The Netherlands).

RESULTS

The distribution of serogroups is shown in Table 1. The majority of isolates were
of serogroup B or C; only a few strains belonged to other serogroups (A, X, Y).
Seventy-three (9-7 %) meningococcal strains were non-groupable. A high number
of non-groupable strains were found in 1992 (17-8 %).

Serotypes and subtypes of all isolates are shown in Tables 2 and 3. There were
no significant changes in the relative frequency of serotypes amongst serogroup B
strains, serotype 4 being the most prevalent (54:3 %) (Table 2); however, we found
an increase of serotype 14 and a decrease of serotype 2a in serogroup C isolates
from 1-8% and 20% to 85% and 10-2% respectively (Table 2). Serotype 2b
characterized 67 % of all serogroup C isolates. Serotype 2b was the most frequent
serotype amongst non-groupable isolates (45:2 %), followed by serotype 4 (20-5 %)
(Table 2). The proportion of non-typable strains was 14:8 %, 4'1% and 151% in
serogroup B, C and non-groupable isolates respectively (Table 2).

Serosubtype P1.15, which was frequently linked to serotype 4 (Table 3),
characterized 47-6 % of all serogroup B isolates (Table 2). We did not find any
strain of serosubtype P1.4 during 1990 while this serosubtype represented 4:5%
of all isolates in 1991 and 1992. The proportion of non-subtypable strains was
89 9% amongst serogroup B meningococci.

The majority of serogroup C meningococci were non-subtypable with this
serosubtype reagent panel (782 %) (Table 2), although the proportion fell from
89:1 % in 1990 to 627 % in 1992. Serosubtype P1.1, 2 was most commonly found
amongst serogroup C isolates (10-6 %) (Table 2). We did not find this serosubtype
in 1990 but its proportion increased to 84% in 1991 and to 23:7% in 1992.
Serosubtype P1.2 increased from 1:8% to 6:8%.

Forty non-groupable strains (54:-8%) were non-subtypable (Table 2).
Serosubtypes P1.1, 2 (10-9 %) and P1.15 (96 %) were the most common amongst
this serogroup.

We found 116 different antigenic phenotypes (71 amongst serogroup B, 20
amongst serogroup C and 25 amongst non-groupable strains) (Table 3). The most
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Table 1. Meningococcal disease in Spain (1990-2). Distribution of serogroups by

year
Year/

serogroup 1990 1991 1992 Total
A 1 (0-4) — 1(01)
B 166 (72-5) 151 (59-2) 156 (59-1) 473 (63-2)
C 55 (24:1) 83 (32-5) 59 (22-4) 197 (26-4)
X — — 2 (0-7) 2 (0-3)
Y — 2 (08 — 2 (0-3)
NG* 7(3:0) 19 (7-5) 47 (17-8) 73 (97)
Total 229 255 264 748

* Non-groupables.

frequent serotype of serogroup B meningococci was the 4:P1.15 (397 %) followed
by the 15:P1.7, 16, the 15:P1.16 and the NT:P1.15 with 57%, 53% and 44 %
respectively. while 15 strains (3-2%) were non-typable and non-subtypable in
this serogroup. The most frequent phenotypes amongst serogroup C isolates were
2b:NST (55:8%) and 2a:NST (15:2%), while five isolates (2:5%) did not react
with any of the serotype or serosubtype antibodies. The most common serotype-
serosubtype combinations were 2b: NST (356 %), 2b:P1.1, 2 (96 %) and 4:P1.15
(8-2%) in non-groupable meningococci. Six strains (82 %) were both non-typable
and non-subtypable in this group.

DISCUSSION

Serogroup B strains predominated in causing meningococcal disease in Spain
during epidemic periods in the 1970s and 1980s (8, 9]; serogroup C strains, about
3% in the 1970s [8] and 12-14% in the 1980s [9], made up about 25% of all
meningococcal strains during the last 3 years. The great number of non-groupable
isolates (17-8%) found in 1992 was surprising (Table 1); the majority of these
strains were non-groupable because they showed autoagglutination in saline.
When we analysed the serotype distribution (Table 2) within the three serogroups
(B. C and non-groupable), we found that it was similar between serogroup C and
non-groupable strains. Therefore, we think that perhaps most of these non-
groupable meningococei could be serogroup C isolates which have lost totally or
partially their capsular polysaccharide. Serogroup A strains which made up about
15% of the total in the 1970s [8], were identified only sporadically in the early
1990s.

It is very interesting to note that in this study the great majority of
meningococcal isolates reacted with serotype antibodies regardless of whether
they were serogroup B, C or non-groupable isolates (85-2%, 959% and 84:9%
respectively). Only 89 strains (12 %) were non-serotypable, this proportion being
lower than that found by other authors in different European countries [5, 6, 10].
However, the number of non-subtypable strains was very different in the three
meningococcal serogroups: 42 (89 %) in serogroup B, 154 (782 %) in serogroup C
and 40 (54:8%) in non-groupable strains. We think that the serotype reagents
used in this study provide useful data in epidemiological studies in Spain.
Although most serogroup B meningococcal strains were subtyped, this was not the
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Table 2. Relative distribution of serotypes and subtypes expressed as percentage among
serogroup B, serogroup C and non-groupable meningococci isolated from patients in
Spain (1990-2)

Year
I A Al
Serogroup B 1990 1991 1992 Total (%)
Serotypes
1 6 46 83 30 (6-3)
2a — — 06 1 (0-2)
2b 12 2 26 9 (1-9)
4 506 55 577 257 (54°3)
14 . 36 4 32 17 (3-6)
15 207 172 173 89 (188)
Non-serotypable (NT) 169 17-2 10-3 70 (14-8)
Subtypes (%)
P11 3 — 13 7 (1:5)
P1.1,2 06 26 06 6 (13)
P1.1,6 — — 06 1(02)
Pi.1,7 3-6 06 13 9(19)
P1.1, 10 06— — 1(02)
P1.1, 16 24— — 4(08)
P12 24 0-6 06 6 (1-3)
P14 — 46 45 14 (2:9)
P14, 16 06— — 1(02)
P1.6 18 33 51 16 (3-4)
P1.7 48 26 1-3 14 (29)
P1.7,9 — — 1-3 2 (0-4)
P1.7, 14 — — 06 1(0-2)
P17, 15 06 — 0-6 2 (04)
P1.7, 16 36 79 6-4 28 (59)
P19 42 33 13 14 (2.9)
P1.10 48 1-3 1-9 13 (27
P1, 10, 15 — 06  — 1(0-2)
P1.12 18 2 2:6 10 (21
P1.14 06 2 45 11 (2:3)
P1.15 44-6 53 455 225 (47°6)
P1.15, 16 2:4 — 4 (0-8)
P1.16 10-8 66 83 41 (8'7)
Non-subtypable (NST) 66 86 115 42 (89)
Total of isolates tested 166 151 156 473
Serogroup C
Serotypes
1 54 24 68 9 (46)
2a 20 229 10-2 36 (18:3)
2b 67-3 651 695 132 (67-0)
4 1-8 1-2 17 3 (15-2)
14 1-8 2:4 85 8 (41)
15 — 2 — 1(05)
NT 37 48 34 8 (41)
Subtypes
P1.1 36— — 2 (1:0)
P1.1,2 — 84 237 21 (10-6)
P1.1,15 1-8 — — 1 (0:5)
P12 18 48 68 9 (4-6)
P16 18 1-2 17 3 (15)
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Table 2. (cont.)

Year
I8 —A hY
Serogroup (' 1990 1991 1992 Total (%)
P1.7. 16 — — 1-7 1 (0-5)
P1.9 — 1-2 34 3(1'5)
P1.10 — 1-2 1 (0-5)
P1.15 1-8 12 2 (1-0)
NST 89-1 819 62-7 154 (78:2)
Total of isolates tested 55 83 59 197
Non-groupable
Serotypes
1 — — 21 1(14)
2a, — — 149 7 (9-6)
2b 428 526 426 33 (452)
4 14-3 316 170 15 (20-5)
14 143 53 2:1 3 41)
15 — 53 42 341
NT 286 53 170 11 (15°1)
Subtypes
P1.t,2 — — 170 8 (10:9)
P1.1,7 — 53  — 1(14)
P1.2 — — 4-2 2 (2-8)
P14 — 53 — 1 (1-4)
P16 14-3 — 4-2 3 (41)
P1.7 — — 21 1(1-4)
P1.9 — — 64 341
P1.10 — — 21 1 (14)
P1.12 143 53 42 4 (5°5)
P1.14 — — 21 1(1-4)
PL.15 14-3 15-8 64 7 (96)
P1.16 — 53 1(1-4)
NST 571 631 255 40 (54'8)
Total of isolates tested 7 19 47 73

case for serogroup C isolates, so new subtype reagents are required for this group
of meningococei.

More than 50 % of serogroup B meningococci were serotype 4 and almost 50 %
of these serotype 4 strains reacted with the P1.15 monoclonal subtype reagent. In
fact, the most common combination of serotype and serosubtype in serogroup B
strains was 4:P1.15; however, the phenotype 15:P1.16 which has been associated
with outbreaks in northern Europe [11, 12] only represented 5:3 % of all serogroup
B meningococei in this study ; Sdez-Nieto and colleagues [13] found that serotype
2 was the most common amongst serogroup B meningococci during 1978-80 (years
of higher incidence of meningococcal disease in Spain) followed by serotype 15
strains; they did not find any serotype 4 isolates. These proportions did not change
until 1987, when serotype 15 became the most common amongst serogroup B
meningococci in Spain [14], the proportion of serotype 4 strains diminishing.
These studies were performed using double immunodiffusion in gel [13]. Roman
and colleagues [14] studied the serosubtype of 215 serogroup B serotype 15
meningococeal strains isolated in Spain from 1978-87, and found about 50 % were
P1.16 and 50% were P1.15 (linked frequently to serotype 4). We found the

https://doi.org/10.1017/50950268800051694 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800051694

272 J. A. VazqQuegz, C. MARcoOS AND S. BERRON

Table 3. Major antigenic phenotypes of Neisseria meningitidis isolated from
patients in Spain (1990-2)

Serotype

Serogroup B 1 2a  2b 4 14 15 NT

Subtype

P1.1 2 2

P1.1,2 - — 1 4 — 1 —

P1.1,6 1

Pt.1,7 —

P1.1,10 - = - = —

P11, 16 - = — 1

P1.2 _ = — 2 —

P14 _ = = 9

P14, 16 —

P1.6 ¢4 —  — 6

P17 1 1

P1.7,9 —
P1.7, 14 - - - =
P17, 15 _ - =
P1.7, 16 _ - —
P19 - - —
P1.10
P1.10, 15 _ = —
P1.12
P1.14
P1.15
P1.15, 16
P1.16
NST

Serogroup C
P11 — 1 -

P11,2 — 3 13 — 3 — 2
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Non-groupable

P1.1,2 — 1 7 — — —
P1.1,7 S — T -
P1.2 - - = = = —
P14 — — —
P1.6 — 1 —
P1.7 — — — — — 1
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P1.10 - = —
P1.12 1 — —
P1.14 — — —
P1.15 — — —
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NST — 5 26 — 2 1
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phenotype B:4:P1.15 the most common in a previous study [9] with a selection
of strains from the 1986-90 period. It would be interesting to know if some
serotype 15 meningococci as classified by Romédn and colleagues [14] are in fact
serotype 4 meningococcal strains or alternatively whether there has been an
important epidemiological shift in the frequency of serotypes amongst Spanish
serogroup B isolates. We think that many meningococci classified as serotype 15
by immunodiffusion may be serotype 4 strains with non-specific reactivity with
serotype 15; further studies with these strains should be performed. The
phenotype B:2, very frequent during the previous epidemic period [13], was found
very rarely (19%) in this study.

The most common serotype amongst serogroup C meningococci was 2b. A
previous Spanish study showed a similar proportion of 2a and 2b serotype strains
amongst serogroup C meningococci from 1978-87 [14]. However, serotype 2a has
been isolated less frequently in the 1990s.

Some experimental vaccines against serogroup B meningococcal disease have
been tested in Norway, Cuba and Chile [2, 3, 15]. The Cuban vaccine was prepared
using the B:4:P1.15 epidemic strain, which is the most frequent phenotype found
in this study amongst serogroup B meningococci (397 %). It would be interesting
to carry out an evaluation of the efficacy of this vaccine in our country. Also, a
polyvalent serogroup B class 1 OMP vaccine, active against all detectable
serosubtypes, is under investigation; as we found that only 89 % of the serogroup
B strains in Spain were non-subtypeable, such a polyvalent vaccine could in
theory give protection against more than 90 % of meningococcal disease in Spain.

REFERENCES

1. Abdillahi H, Poolman JT. Whole-cell ELISA for typing Neisseria meningitidis with
monoclonal antibodies. FEMS Microbiol Lett 1987; 48: 367-71.

2. Bjune G, Hoiby EA, Gronnesby JK, et al. Effect of outer membrane vesicle vaccine against
group B meningococcal disease in Norway. Lancet 1991; 338: 1093-6.

3. Sierra GVG, Campa HC, Garcia IL, et al. Efficacy evaluation of the Cuban vaccine VA-
MENGOC-BC against disease caused by serogroup B Neisseria meningitidis. In: Achtman
M. Kohl P, Marchal C, Morelli G, Seiler A, Thiesen B, eds. Neisseriae 1990. Berlin: Walter
de Gruyter, 1991; 129-34.

4. Kdyhty H, Poolman J, Abdillahi H, et al. Sero and subtypes of group B meningococci
causing invasive infections in Finland in 1976-87. Scand J Infect Dis 1989; 21: 527-35.

5. Scholten RJPM, Bijlmer HA. Poolman JT, et al. Meningococcal Disease in the Netherlands,
1958-1990: A steady increase in the incidence since 1982 partially caused by new serotypes
and subtypes of Neisseria meningitidis. Clin Infect Dis 1993; 16: 237-46.

6. Tzanakaki G, Blackwell CC, Kremastinou J, Weir DM, Mentis A, Fallon RJ. Serogroups,
serotypes and subtypes of Neisseria meningitidis isolated from patients and carriers in
Greece. J Med Microbiol 1993; 38: 19-22.

7. Sdez-Nieto JA. Fenoll A, Vazquez JA, Casal J. Prevalence of maltose-negative Neisseria
meningitidis variants during an epidemic period in Spain. J Clin Microbiol, 1982; 15: 78-81.

8. Sdez-Nieto JA. Llacer A, ("atald F. Fenoll A. Casal J. Meningitis meningocdcica en Espafia
(1978-1980) 1. Estudios epidemiolégicos, serogrupos y sensibilidad a antimicrobianos.
Revista de Sanidad e Higiene Publica 1981; 55: 831-69.

9. Berrén 8, Sdez-Nieto JA, Vdzquez JA. Aplicacién de marcadores epidemiolGgicos en cepas
Neisseria meningitidis con sensibilidad disminuida a penicilina aisladas en Espafia
(1985-1990). Revista Espafiola de Quimioterapia 1992; 5: 35-41.

10. Jones DM, Kaczmarski EB. Meningococcal infections in England and Wales: 1991. Comm
Dis Rep 1992; 2: 61-3.

https://doi.org/10.1017/50950268800051694 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800051694

274 J. A. VazQugz, C. MARCcos AND S. BERRON

11. Samuelson S, Ege P, Berthelsen L, Lind I. An outbreak of serogroup B:15:P1.16
meningococcal disease, Frederiksborg county, Denmark, 1987-9. Epidemiol Infect 1992;
108: 19-30.

12. Holten E. Serotypes of Neisseria meningitidis isolated from patients in Norway during the
first six months of 1978. J Clin Microbiol 1979; 9: 186-8.

13. Sdez-Nieto JA, Garcia Barreno B, Lopez Galindez C, Casal J. Meningitis meningocéeica en
Espafia (1978-1980) II. Serotipos y patrones electroforéticos en gel de poliacrilamida.
Revista de Sanidad e Higiene Publica 1981; 55: 1295-308.

14. Roman F, Schleissner C, Marin M, Sdez-Nieto JA. Meningitis meningocdcica en Espaifia
(1978-1987) VI. Evolucion de los subtipos proteicos dentro de los serotipos 2 y 15 de
Neisseria meningitidis durante la onda epidemica. Revista de Sanidad e Higiene Piblica
1990; 64: 163-9.

15. Boslego J, Zollinger W, Garcia J, et al. Efficacy trial of a meningococcal group B (15:P1.3)
outer membrane protein vaccine in Iquique, Chile [abstract]. In: Proceedings of the 7th
International Pathogenic Neisseria Conference (Berlin). Berlin: Papyrus-Druck GmbH,
1990: 23.

https://doi.org/10.1017/50950268800051694 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268800051694

