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Abnract. Gonococcal strains, isolated in two diffcrent 
geographical areas of central Sweden (Stockholm and 
Örebro County) during two corresponding time periods. 
v•ere subjected to serogrouping by the co-agglutination 
method with reagents covering the prcviously describcd 
serogroups W I, W l l  and W 111. All strains tested could be 
grouped. Significant differences were found between the 
two geographical areas �tudied. lsolates from difTerent 
sites on one and Lhe same patient and �trains from contact 
pairs gave idcntical results. The test results were reprodu­
cible. when the strains were exchanged between the two 
participating laboratories. The reagents distinguished 
/\'eisserili go11orrl10eae from other Neisseria species 
and other oxidase-po�itive bacteria. The potential of 
serogrouping gonococci for ei:,idemiological studies by 
means of thc co-agglutination method is discussed. 

Key 11·ords: Neisseria gonorrhoeae; Serological clas­
sification: Co-agglutination; Epidemiology 

We recently describcd the use of co-agglutination 
(COA) for serological classification of gonococci. 
The method is based on defined reagents prepared 
by selected absorptions (5, 6. 14). With the use of 
such reagcnts, the 16 major outer membrane pro­
tein (MOMP) reference strains. described by John­
ston et al. (8). were shown to represent three difTe­
rent antigen classes. tentatively named W. J and M 
( 15). The W class was subdivided into three groups 
designated W l, W Il and W lll. rcspectively. The 
COA reactions with W reagents were stable, repro­
ducible and periodate resistant. They were not 
dependent upon gonococcal colony morphology, 
whereas those with J and M type reagents often 
showed variations which were associated with 
colonial variants of isogenic strains (7. I 5). 

A wide range of gonococcal strains. obtained 
from various invcstigators in Europe and the USA. 
were classified with the W l. W Il and W l l l  group 
reagent�. The results corresponded well to the 
types of the microimmunofluorescence (Micro-I F) 

system described by Wang el al. ( 17). More than 
90� of the strains from patients with disseminated 
gonococcal infection (DGI) reacted with W I rea­
gents. Reproducibility was excellent with identical 
strains obtained from various investigators and also 
with .8-lactamasc-producing strains isolated on 
several different occasions from one and the same 
patient ( 15). Serological classification of Neisseria 

go1wrr/10eae with W group reagents therefore 
seemed promising. 

In the present invcstigation we have used W 
, group reagents (7. 15) to compare with the COA 

method the serological patterns of gonococci. iso­
lated during two corresponding time periods in two 
different geographical areas in Swedcn. Special 
attention was paid to reproducibility of the test 
results. The specificity of the COA reagents for 
gonococci was also investigatcd by testing various 
serogroups and serotypes of N. 111e11i11gitidis, 

strains of N. lacramica and other oxidase-positive 
bacteria. 

MATERIAL AND METHODS 

Design ofthe study and collectio11 
ofgonococca/ straim 

During two corresponding time periods (November 1979 
to mid-January 1980 and May to mid-June 1980) a total 
of 316 consecutive strains of Neisseria gonorrlweae were 
collected at two difTerent laboratories in Sweden (Table I): 
The Department of Clinical Bacteriology. Södersjukhuset. 
Stockholm. which provides a diagnostic service for the 
southem part of Greater Stockholm with a population 
of around 225 000 people, and the Department of Clinical 
Microbiology and lmmunology. Central County Hospital. 
Örebro, which providcs the same service for Örebro city 
and Örebro county, an urban area of central Sweden with 
a population of approximately 275 000 inhabitants. The 
gonococcal strains were isolated from specimens. sent to 
the two laboratories. from patients attending out-patient 
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Table I. Dfatrihution inro serogro11ps W I. W Il and W Il/ of gonococca/ srrai11s isolat ed from pMients. 
men and li'Omen in Stockholm and Örehro. rotals. Jirsr and seco11d srudy 

No. (%)of gonococcal strains, patients, men and women within serogroups 

WJ W Il WIIJ Total 

Stock- Stock- Stock- Stock-
holm Örebro holm Örebro holm Örebro holm Örebro 

Both study periods 
combined 
Strains 78(41.9) 71 (54,6) 104 (55.9) 58 (44.6) 4 (2.2) I (0.8) 186 130 
Patients 50 (40.3) 57 (57 .0) 70 (56.5) 42 (42.0) 4 (3.2) I (1.0) 124 100 
Men 28 (36.8) 24 (60.0) 44 (57.9) 15 (37.5) 4 (5.3) I (2.5) 76 40 

60 Women 22 (45.8) 33 (55.0) 26 (54.2) 27 (45.0) 0 0 48 

First study period 
(Nov. 1979-Jan. 1980) 
Strains 34 (43.0) 39 (60.9) 41 (51.9) 24 (37 .5) 4 (5.1) I ( 1.6) 79 64 

Patients 24 (42.1) 32 (62. 7) 29 (50.9) 18 (35.3) 4 (7.0) I (2.0) 57 51 
Men 16 (39 0) 12 (70.6) 21 (512) 4 (23.5) 4 (9.8) I (5.9) 41 17 
Women 8 (50.0) 20 (57.1) 8 (50.0) 14 (42.9) 0 0 16 34 

Second study period 
(May-June 1980) 
Strains 44(41.1) 32 (48.5) 63 (58 9) 34 (51.5) 0 0 107 66 
Patients 26 (38.8) 25(51.0) 41 (61.2) 24 (49.0) 0 0 67 49 
Men 12 (34.3) 12(52.2) 23 (65.7) 11 (47.8) 0 0 35 23 
Women 14 (43.8) 13 (50.0) 18(56.3) 13 (50.0) 0 0 32 26 

clinics for venereal diseases as well as other ou1-patient 
clinics. Seventy-nine gonococcal strains from 57 patients 
(16 women and 41 men) in Stockholm and 64 strains from 
5 I patients (34 women and 17 men) in Örebro were in­
cluded in the first study and 107 strains from 67 patients 
(32 women and 35 men) in Stockholm and 66 strains from 
49 patients (26 women and 23 men) in Örebro in the 
second study. From 75 patients there were two or three 
isolates from different sites on the same occasion. or 
from the same or different sites on different occasions. 
In one man there were two isolates from pharynx on the. 
same occasion. 

A11risern 

All the strains were cultured, isolated and identified 
as previously described (5, 15). The strains were kept 
frozen in trypticase soy or dextrose broth al -70°C until 
used for COA tests, when they were recultured on colony 
morphology typing medium (9) for 18-22 hours at 36°C 
in 5 % C02 atmosphere. 

Orher oxidase-posiri1•e bacreria 

The following 81 strains of other oxidase-positive bacteria 
were included in the study: 21 strains of Neisseria menin­
giridis covering the serogroups A. 8, C. D. X. Y, Z. W-135 
and 29 E as well as the serotype prototype strains of group 
B meningococci (kindly provided by Dr. C. E. Frasch. 
Bureau of Biologics. Bethesda, Md. USA) and ten strains 
each of Bran!tamella catarr!talis, Haemop!ti/11s injluen­
zae, Pasteurella mulrocida, Moraxella and Pseudomonas 
species. Ten strains of Neisseria lacramica. kindly pro­
vided by Dr. I. Lind, Statens Seruminstitute, Copen­
hagen. Denmark. were also included. Isolation and identi­
fication followed standard procedures. 
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Antisera against the MOMP gonococcal reference. strains 
(8. 14) were obtained from rabbits immunized with 
formalin-fixed whole cells or the sediment of sonicated 
cells as previously described (6, 14). Absorptions of anti­
sera were performed with formalin-fixed whole cells or 
with a combination of sonicated and heated whole cells 
(6. 14). 

Preparation of co-aggluti11atio11 rea gems 
and pe,formance oftesrs 
Protein A-containing staphylococci (kindly provided by 
Dr L. Riidin. Pharmacia Diagnostics. Uppsala, Sweden) 
were sensitized with antibodies as described before (5). 
The MOMP gonococcal reference strains used for im­
munizations and absorptions for preparation of reagenls 
for serogroups W I. W Il and W lll. respectively. are pre­
sented in Table Il. Staphylococci coated with antibodies 
from non-immune rabbits were used as controls. Whole 
cells heated at 100°C for 20-30 min were used as antigens 
in the COA tests, which were performed as previously 
described (6. 14). Strains reacting with reagents of more 
than one of the serogroups were always retested after 
treatment with sodium periodate as described bcfore 
(14). 

Statistical analysis 
Tests on differences between proportions, unpaired 
cases. corrected for continuity, were used for statistical 
analysis (4). 
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Table 11. The co111bi11ario11s q/'llie reaclil'ily pa11erns of the J 16 go11ocorcal strains in the tests ,virh the co­

agglu1ination reage111.1· used for serogroups W I, W Il and W fil

The major outer membrane (MOMP) gonococcal reference strains used for immuni2a1ion of rabbits and for absorption 
of antibodies were as indicated in 1he table 

Combinations of reactivity pallerns 

W I reaf?ell/s 

Anti E-5 absorbed with C-3. A-1 & N-10 + + ... + 

Anti D-4 absorbed with C-3, A-1 + + + 

Anti V-15 absorbed with C-3. N-10 + + 

No. of gonococcaJ strains 83 25 23 9 9 

W I I reage111s 

Anti N-10 absorbed with D-4. E-5 + + + + 

Anti S-12 absorbed with A-1. R-11 + + 

Anti U-14 absorbed with A-1. R-11 + + 

Anti A-1 absorbed with B-2. D-4 ... 

No. of gonococcal strains 97" 26 26 2a 11 

W fil reage11/s 

Anti F-6 absorbed with A-1. 8-2 + 

No. of gonococcaJ strains 5 

" One man had two different isolates from pharynx with these co-agglutination patterns. 

RESULTS 

Serogrouping of gonococci iso/a,ed 

in the two geogrnphical areas st11died 

All the 316 gonococcal strains. tested m the two 
studies, could be grouped with the reagents used. 
Four strains reacted primarily with reagents of two 
W groups. After treatment of the boiled cells with 
sodium periodate, two of these strains reacted 
with the reagents of only one W group. In the other 
two cases the reactions with the reagcnts of one of 
the W groups turned out to be colony morphology 

dependent. 
The distribution within the serogroups W I, W Il

and W II1. respectively, of the 186 gonococcal 
strains isolated in Stockholm, and the I 30 strains 
isolated in Örebro, is presented in Table [, which 
also contains the results with regard to the first 
and second lime periods. Only five strains (all from 
men, four in Stockholm and one in Örebro) were 
classified as group W 111. The distribution within 
serogroups W I and W 11, respectively, differed in 
Stockholm and Örebro. The gonococcal isolates 
from 50 patients out of J 24 (40.3 %) in Stockholm 
and from 57 out of 100 (57.0%) in Örebro belonged 
to group W l in the two study periods combined 
(p<0.02). This difference between the two geogra­
phical areas was also significant with regard to 
gonococcal strains belonging to group W I (p<0.05) 
and to men, infected with such strains (p<0.05). A 

statistically significant predominance of group W Il 
in Stockholm and of group W I in Örebro was shown 
for gonococcal strains {p<0.05) as well as for pa­
tients (p<0.05) and for men (p<0.05) with regard to 
the two study periods combined. 

The gonococcal strains, classified as W I or W Il, 
reacted in va1·ious combinations with the reagents 
used within each of these two groups. The pattems 
obtained are shown in Table Il. From 75 patients, 
multiple strains. isolated from different sites on the 
same or different occasions. gave identical results 
with the reagents. Two strains, isolated from 
pharynx of one man on the same occasion, both 
belonged to group W Il, but had differe.nt COA 
patterns within that group (Table Il). Gonococcal 
strains from three contact pairs had the same COA 
pattern for each of the pairs. 

Reproducibility 

The gonococcal strains, isolated in Stockholm and 
Örebro in the first study, were exchanged between 
the two laboratories and retested. The same results 
were anived at in the two laboratories with regard 
to the serogroups. 

Speciflcity 

The meningococcal strains, representing various 
serogroups and serotypes. N. lactamica and the 
other oxidase-positive baclerial strains gave no 
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reactions with any of the COA reagents used in the 
present study. 

DISCUSSION 

The feasibility of the co-agglutination method for 
the serological classification of Neisseria gonor­

rhoeae, as recently reported (6. 7. 14, 15). was con­
firmed in the present study. All the 316 gonococcal 

isolates from the 224 patients could be grouped 
by the COA reagents into one of the three sero­
groups of the previously described antigen dass 
W(I5). 

A clearcut discrimination between the sero­
groups/serotypes of tested bacterial strains as well 
as good reproducibility and specificity are prerequi­
sites for the serological classification of pathogenic 
bacteria in general. These criteria were fulfilled in 
the present study. Only four strains. i.e. 1.3%, 
reacted primarily with reagents for more than one of 
the W groups. The reactions of these four strains 
with the reagents for one of these groups were 
either due to periodate-sensitive antigens charac­
teristic for those of the previously described M 
class 05), or they were due to colony morphology 
dependent reactions characteristic of the J class 

( 15). Subsequent studies. in which !hese strains 
were retested with antibodies absorbed in a dif­
ferent way. confirmed this assumption. Also. the 
reproducibility was excellent, with complete agree­
ment of the grouping results independently obtained 
by the two laboratories. The test reagents used had 
high specificity and no cross-reactions were obser­
ved with other Neisseria species or other oxidase­
positive bacteria. This is of particular interest. since 
there are reports of cross-reactivity with some 
N. facramica strains with the Phadebact® gonococ­
cus co-agglutination reagent (I). The higher specifi­
city of our reagents could be due to different ways
of absorbing the antibodies. Besides serogrouping.
these reagents would therefore be well suited for
confirmation of suspected gonococcal colonies in
culture of clinical specimens.

Several methods have been proposed for 
epidemiological studies on gonorrhoea, inter afia 

auxotyping and antibiotic sensitiv ity patterns (3, 10, 
11, 12). pyocin sensitivity patterns (16) and sero­
logical classification ( 17), but none of them have 
come into general use. Results with these tech­
niques have shown geographical and racial varia­
tions, however. It was therefore of interest to note 
in the present study that there were obvious diffe-
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rences between the two geographical areas investi­
gated. The predominance of patients with gono­
coccal strains belonging to serogroup W I in the 
Örebro area as compared with the Stockholm area 
was statistically significant (p<0.02). This is of 
interest. as we had previously found that 90% or 
more of gonococcal strains associated with dis­
seminated gonococcal infection (DGI) belonged to 

group W 1 (15). We also reported a high incidence 
of DGI in the Örebro area (2). which seems to cor­
respond to a high frequency of W 1 strains in Öre­
bro. 

Only five gonococcal isolates ( 1.6%), all from 
men, belonged to group W lll and they were all 
isolated <luring the first study period. One of these 
men had been infected in London. In a subsequent 
study of ,B-lactamase-producing gonococci from 
patients in Sweden, most of whom had contracted 
their infection in Thailand, approximately 15 % of 
the gonococcal isolates belonged to group W III 

(Bygdeman et al.: to be published). None of the 
W III strains in the present study was ,8-lactamase­
producing. It is obvious that gonococci of sero­
group W III are rare in the Stockholm and Örebro 
areas. and when they do occur. they seem lo have 
been contracted abroad. 

lnfcctions with more than one gonococcal strain 
were demonstrated by other investigators by means 
of differences in gonococcal auxotypes and anti­
biotic susceptibility ( 13) and in gonococcal anrigens 

( 17). ln the present study we could detect only 
one infection with different strains in one and the 
same patient. ln this respect we found the different 
combinations of reactions, with the three reagents 
within group W I and the four reagents in group 
W IL respectively, (see Table Il) to be of value to 
reveal the identity of multiple isolates from one and 
the same patient, and also from contact pairs. Sub­
sequent studies have indicated that the various 
combinations could form the basis for further sub­
grouping within these two groups, and that some of 
these combinations are associated with strains 
with special antibiotic sensitivity patterns. These 
matters will be a subject for further clinical epi­
demiological investigations. 

Classification of gonococci by auxotyping (3, 10, 
11. 12. 13) and by microimmunotluorescence (17)
were reported valuable in clinical epidemiological
studies. but both techniques are hampered by the
fäet that they are laborious, time-consuming and ex­
pensive, and therefore limited to only highly



specialized and well equipped laboratories. Classi­

fication with co-agglutination offers an attractive 

alternative. sincc this method is rapid. simple and 

needs no special equipment. It has therefore the 
potential for a more general use in clinical epidemi­
ological -;1udies. for example 10 identify �train'i in 
contact pairs. to differentiate between reinfection 

and recurrence. 10 identify strains related to clinical 

symptom�. to study racial and geographical varia­

tions, etc. lncreased knowledge on the�e maucrs 

would certainly be valuable in attempts to control 
gonorrhoca. 

ACKNOWLEDGEMENTS 

This work was supponed by grant, from the Swedish 
Medical Re,earch Council (Project No. 16X-5683) and 
thc World Health Organization. Wc are indebted to Mr� 
A. Andersson. Mr A. Hultgren and Mrs A-L. Ramsborn
for skilful technical a�sistance and to Mrs E. Hallmert for
prcparing thc manuscript.

REFERENCES 

I. Anand. C. M. & Kadis. E. M.: Evaluation of the
Phadebact gonococcu� te�t for confirmation of /\ei.,­

seria go11orrhoae. J C\in Microbiol 12: 15. 1980.
2. Barr. J. & Danielsson. D.: Disseminated gonococcal

infections (Gonococcal septicemia). /n (ed. D. Daniel­
son. L. Juhlin & P.-A. Märdh). Genital infection�
and Their Complications. p. 77. Almqvist & Wiksell
lnternat1onal. Stockholm. 1975.

3. Catlin. B. W. & Pace, P. J.: Auxotypes and penic1lhn
susceptibilities of Neisseria ;?011orrhoeae isolatcd
from patient� "1th gonorrhoea im olving t wo or more
sites. Antimicrob Agents Chemothcr 12: 147. 1977.

4. Colton, Th.: Statistics in Medicine. Little, Brown &
Company (lnc.). 1974.

5. Danielsson, D. & Kronvall. G.: Slide agglutination
method for thc ,erological identification of Neisseria

,tonorrhoeae with antigonococcal antibodies absorbed
to protein A-containing :.taphylococci. Appl Micro­
biol 27: 368. 1974.

6. Danielsson. D. & Sandström, E.: Serology of Neis­
.,eria [!011orrftot•i1e. Demonstration of strain-spectfic
antigens by immunoelectrophoresis, immunofluore­
scence and co-agglutination techniques. Acta Pathol
Micribiol Scand [B]87: 55. 1979.

Serogrouping of gonococci 427 

7. - Serology of Neisseria gonorrhoeae. Demon\tra­
tion with co-agglutination and immunoe!ectrophoresis
of antigenie differences associated with colour/opacity
colonial varianb. Acta Pathol Microbiol Scand (B]
88: 39. 1980.

8. Johnston, K., llolmcs. K. K. & Gotschlich, E. C.:
The �crological classification of Nei1.1eria go11or­

rhoeae. I. Isolation of the outer membrane complex
responsible for serotypic specificity. J Exp Med 143:

741. 1976.
9. Kellogg. D. S .. Peacock. E. L .. Deacon. E. W ..

Brown, L. & Pirkle, C. L.: Neisseria ;?011orrhoeae.
I. Virulence genetically linked 10 colonial variation.
J Bacteriol 85: 1274. 1963.

10. Knapp. J. S. & Holmes. K. K.: Disseminated gono­
coccal infections cuased by Neisseria go11orrhoeae 
with unique nutritional requirements. J lnfect Dis
132: 204. 1975.

11. Moberg, I.: Auxotyping of gonococcal isolates. /11 

(ed. D. Danielsson. L. Juhlin & P-A. Mård). Genital
lnfections and Their Complications. p. 271. Almqvist
& Wiksell lnternational, Stockholm. 1975.

12. Noble. R. C. & Miller. B. R.: Auxotypes and anti­
microbial susccptibilities of Neiueria go11orrlweae in
black and white patients. Br J Vener Dis 56: 26, 1980.

13. Noble. R. C.: Characterization of Neisseria go11or­
rhoeae from women with simultaneous infection, at 
two sites. Br J Vener Dis 56: 3, 1980. 

14. Sandström. E. & Danielsson. D.: Serology of Neis­
ff!ria go11orrhoeae. Characterization of hyperimmune
rabbit antisera by line-rocket immunoelectrophoresis
for usc in co-agglutination. Acta Pathol Microbiol
Scand (8)88: 17. 1980.

15. - Serology of Neisseria go11orr/10eae. Ciassification
with co-agglutination. Acta Pathol Microbiol Scand
[B] 88: J7. 1980.

16. Sidbcrry. H. & SadotT. J. C.: Pyocin ,cnsitivity of
Neis.1eria go110,.,l10eae and its feasibility as an epi­
demiological I00I. lnfect lmmunol /5: 628. 1977.

17. Wang. S. P .. Holme�. K. K .. Knapp. J. S .. Ott. S.
& Ky.i;er, K. S.: lmmunologic classification or Neis­
seria gonorrlweae with micro-immunofluorescence.
J lmmunol 119: 795. 1977.

Receii·ed Nm·ember 24. 1980 

S. Bygdeman. M.D.
Department ofClinical Bacteriology
Södersjukhuset
S-I00 64 Stockholm 38
Sweden

Acl<l Dermatol'ener (Stockholm) 6/ 




