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Serological classification of Neisseria gonorrhoeae with
monoclonal antibody coagglutination reagents
D V COGHILL, H YOUNG
From the STD Diagnostic Laboratory, Department ofBacteriology, University Medical School, Edinburgh

SUMMARY A total of 357 clinical isolates of Neisseria gonorrhoeae from 286 patients were classified
serologically using two independently developed panels of monoclonal coagglutination reagents.
The Pharmacia (Ph) Diagnostics panel comprised 14 reagents, five specific for serogroup WI strains
and nine specific for serogroup WII/III strains, whereas the Genetic Systems (GS) panel comprised
14 reagents, seven specific for serogroup WI strains and seven specific for serogroup WII/III strains.
Serogroup WI represented 45% and WII/III represented 55% of the patients. Using the mono-

clonal antibody reagents, the serogroups could be further subdivided into so-called serovars. The Ph
reagents identified four WI serovars and 21 WII/III serovars, whereas the GS reagents identified 10
WI serovars and 18 WII/III serovars. By combining the results obtained with each panel, 15 Ph/GS
WI serovars and 33 Ph/GS WII/III serovars were recognised. In the WI isolates, one predominating
serovar was recognised, whereas in the WII/III isolates, no single serovar predominated and a much
greater variety of serovars was identified. The serovar patterns for men and women patients were
very similar, except for one WII/III serovar that was 10 times more common in isolates from men
than from women. Most isolates from different anatomical sites in the same patient were of the same
serogroup and serovar. Two double infections were found. One patient had a genital infection with
serogroup WII/III and a rectal infection with serogroup WI. Another patient with genital, rectal,
and throat infections with serogroup WI was found to have gonococci of different GS serovars at
each site.

It was concluded that the level of discrimination achieved with the monoclonal antibody reagents
should prove to be valuable in studying the microepidemiology of gonococcal infection.

The serological classification of Neisseria gonorrhoeae
using polyclonal antibodies directed against protein I
epitopes has been in use since 1980.' Using selectively
absorbed polyclonal rabbit antisera, Sandstrom and
Danielsson were able to divide strains into three anti-
gen classes W, J, and M.W Only the W antigens were
found to be suitable for serological classification, and
they enabled gonococci to be divided into three sero-
groups termed, WI, WII, and WIII. These serogroups
correlate with the previously described micro-
immunuofluorescence system2 and the subsequently
developed protein I enzyme linked immunosorbent
assay (ELISA) serotyping system.3 The co-
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agglutination W serogrouping system and protein I
ELISA serotyping system both detect epitopes on the
protein I molecule of the outer membrane of Ngonor-
rhoeae.4 Two mutually exclusive protein I molecules
are recognised; protein IA molecules that contain the
epitopes recognised as serogroup WI, and protein IB
molecules that contain the epitopes recognised as
serogroups WII and WIII.5 Serogroup WIII appears
to represent a minor but prominent antigenic variant
of protein IB, rather than a third specific moiety.4
TheW serogrouping system has proved to have im-

portant epidemiological and clinical potential. Sero-
group WI correlates with resistance to the bactericidal
action of normal human serum,6 the arginine, hypo-
xanthine, and uracil requiring (AHU-) auxotype,
disseminated gonococcal infection (DGI), and
asymptomatic gonorrhoea.5 7 8Serogroup WII/III
correlates with resistance to several antimicrobial
agents, the mtr mutation, and with homosexually ac-
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quired infection.5 9-11 The geographical distribution
of serogroups has also been described.8 1012

Unfortunately, reliable and reproducible sub-
division of the serogroups is not possible using poly-
clonal antibodies. Using monoclonal antibodies
against gonococcal outer membrane protein I, it is
now possible to resolve the two major W serogroups
(WI and WII/IH) into a large number of serovariants
or serovars.'3 14 These monoclonal antibodies have
been incorporated in a coagglutination test. Studies
to try to establish a panel of standardised co-

agglutination reagents for the serological
classification and identification of N gonorrhoeae
have been carried out.8 13-15 Serovar analysis using
such a panel has potential in many aspects of gono-

coccal infection.'6
To apply serovar analysis to a given epi-

demiological situation, it is important to know the
distribution of gonococcal strains in a community. To
date, gonococcal serovar patterns have not been re-

ported from any -part of the United Kingdom. This
study was undertaken to examine the diversity and
distribution of gonococcal serovars in the Edinburgh
area and also to compare the classification of isolates
with the two panels of reagents.

Patients, materials, and methods

CLINICAL ISOLATES
A total of 357 gonococcal isolates were obtained from
286 patients attending the department of genito-
urinary medicine at the Edinburgh Royal Infirmary
from November 1985 to April 198 inclusive. Initial
.culture was on modified New York City (MNYC)
medium,17 and all isolates were identified as Ngonor-
rhoeae by the rapid carbohydrate utilisation test18
and the Phadebact monoclonal GC test (Blomqvist et

al, unpublished observation presented at 6th Inter-
national meeting for STD research, Brighton, 1985),
which recognises serogroups WI and WII/III
separately. Once identified as N gonorrhoeae, isolates
were subcultured on to MNYC and clear gonococcal
(GC) agar'9 and incubated for 18-24 hours at 37°C in
a moist 10% carbon dioxide atmosphere for storage
and assessment of serovars.

STORAGE OF ISOLATES
All isolates were stored in 5 ml trypticase soya broth
containing 6% lactose. A sterile cotton swab was used
to remove as much growth as possible from an

MNYC plate, and the swab was broken off into tryp-

ticase soya broth and stored at 200C. Isolates with
distinctive or rare serovars and isolates from the same
patient but wit..different serovars were retained for-
testing again, whereas other isolates were discarded.
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SEROVAR IDENTIFICATION
Monoclonal coagglutination reagents
Serovars were identified using two different sets of
monoclonal coagglutination reagents obtained from
Genetic Systems (GS) and Pharmacia (Ph).15 Both
sets of reagents were kindly supplied by Dr S
Bygdeman, Huddinge University Hospital, Stock-
holm, Sweden. The GS reagents consisted of seven
WI reagents (Af, Ae, Ad, Ag, Ak, Ai, and Ah) and
seven WII/III reagents (Ba, Bc, Be, Bg, Bh, Bj, and
Bk), and the Ph reagents consisted of five WI reagents
(Ar, Ao, As, At, and Av) and nine WII/III reagents
(Br, Bo, Bp, By, Bu, Bv, Bs, Bt, and Bx).

Antigen preparation
Isolates were incubated for 18-24 hours on GC me-
dium. Using a cotton swab, they were harvested into
1 ml phosphate buffered saline pH 72 to give a
smooth milky suspension. This suspension was boiled
for 10 minutes and allowed to cool before testing.
Prepared antigen was stored at 4°C for up to two
weeks if not tested immediately.

Test procedure
Monoclonal coagglutination reagents and antigen
preparations were each mixed well before testing. The
tests were carried out by adding 20 p1 of prepared an-
tigen suspension to 20pl of each coagglutination
reagent on defined areas of surface treated plastic
plates (Bioplate Type II, Biotest Folex Ltd, Moseley,
Birmingham, England). Plates were rocked gently for
two minutes, and coagglutination reactions were read
using an oblique light against a dark background. In-
cluded with each set of reagents was a control con-
taining antigen only, to check for autoagglutination.

Scoring results
Reactions were scored according to the strength of
the coagglutination observed. They were graded
negative (-) if they showed a smooth milky back-
ground; borderline (±) if they showed a slightly gran-
ular milky background; weakly reactive (1 +) if they
showed a granular background with some clearing; or
moderately reactive (2+), strongly reactive (3 +), or
very strongly reactive (4+ ) if they showed increasing
degrees of clumping and background clearing.

Designation of serovars
A serovar is defined as the pattern of reactivity of a
test strain with a given set of monoclonal antibodies

-specific for either the WI or WII/Ill serogroup.20
Each serovar is therefore depicted by an upper case
letter A if it belongs to serogroup WI and a B for
WII/III isolates; these letters are then followed by
lower case letters representing positive-reactions with
the corresponding coagglutination reagents. 13 Reac-
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tions of 1 + or more were scored as positive in desig-
nating a strain to a serovar.

Retesting isolates
Isolates that gave borderline reactions and those that
autoagglutinated were grown again from storage in
trypticase soya broth and retested. Isolates from mul-
tiple anatomical sites in the same patient that were
shown to belong to different serovars were grown
again from storage in trypticase soya broth, and 10
colonies from each site were tested to investigate the
possibility of a mixed infection.

Results

A total of 357 gonococci was isolated from 264 geni-
tal (urethral, cervical, or both), 61 rectal, and 32
pharyngeal cultures. Gonococci of serogroup WI
were isolated from 62 (37%) and WII/III from 107
(63%) of 169 infected men. Serogroup WI gonococci
were isolated from 67 (57%) and WII/III from 51
(43%) of 117 infected women (one with a WI and a
WII/III strain). Gonococci were isolated from both
genital and extragenital (rectal, pharyngeal, or both)
sites in 49 (42%) women and in 14 (8%) men. Except
in the woman infected with both serogroups (WI rec-
tally and WII/III genitally), gonococci isolated from
different anatomical sites in the same patient were of
the same serogroup.

WI ISOLATES
The distribution of Ph and GS serovars in the 129
patients infected with WI isolates is given in tables 1
and 2. One predominating serovar (Ph-Arost and GS-
Aedgkih) was seen with each set of reagents. The iso-
lates could be divided into four Ph serovars and 10
GS serovars. The four most commonly occurring GS
serovars, however, comprised 98% (61) of isolates
from men and 88% (59) of isolates from women.
Other GS serovars were usually represented by only
one or two strains.

Table 3 gives the correlation between Ph and GS
serovars in the WI isolates. The predominating Ph

Table 1 Distribution ofPh serovars in WI isolatesfrom 62
men and 67 women

No (%) infected with serovar

Serovar Men Women

Arost 46 (74) 48 (72)
Arst 9 (15) 10 (15)
Aros 2 (3) 6 (9)
Av 5 (8) 3 (5)
Total 62 67

Table 2 Distribution ofGS serovars in WI isolatesfrom 62
men and 67 women

No (%) infected with serovar

Serovar Men Women

Aedgkih 46(74) 46(69)
Aedgki 1 (2)
Aedgk 1 (2) 3 (5)
Aedg 4 (6)
Aegk 2 (3) 4 (6)
Adg 1 (2)
Agk 1 (2)
Aedgih 2 (3)
Aedih 8 (13) 5 (8)
Ae 5 (8) 2 (3)
Total 62 69*

*Multiple isolates from one patient gave slightly different serovars:
Adg from cervix; Aedg from rectum; and Aedgk from fauces.

serovar correlated well with the predominating GS
serovar, this combination accounting for 68% (89) of
the 129 patients infected with WI isolates. Fifteen
different combinations were recognised. Six of the 10
GS serovars each corresponded to only one Ph sero-
var, but only one of the four Ph serovars corre-
sponded to one GS serovar (Av/Ae). In one woman
with a WI infection, isolates from multiple ana-
tomical sites each had slightly different GS serovars.
The serovars remained different when tested again. In
all other patients infected at multiple sites with WI
isolates, the Ph and GS serovars of isolates from each
site were identical.

Table 3 Correlation between Ph and GS gonococcal serovars in WI isolatesfrom 129 patients

GS serovars
Ph
serovars Aedgkih Aedgki Aedgk Aedg Aegk Adg Agk Aedgih Aedih Ae Total

Arost 89 3 1 1 94
Arst 2 1 2 1 2 13 21
Aros 1 1 5 1 8
Av 8 8
Total 91 1 4 4 6 1 1 2 13 8 131*

*Multiple isolates from one woman patient gave slightly different GS serovars
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Table 4 Distribution ofPh serovars in WII/III isolatesfrom
107 men and 51 women

No (%) infected with serovar

Serovar Men Women

Bropt 38 (36) 21 (41)
Bropv 2 (4)
Brop 4 (4) 3 (6)
Bro 1 (2)
Bropyt 21 (20) 1 (2)
Bropyst 1 (1)
Broput 2 (2)
Brot 1 (1)
Bo 1 (1)
Bopt 2 (2) 1 (2)
Bopyt 1 (1) 1 (2)
Bopst 1 (1)
Brpt 3 (3)
Brpyst 1 (1)
Brpyust 17 (16) 11(22)
Brpyut 1 (1)
Bpyvut 5 (5) 3 (6)
Bpyust 1 (2)
Av/Bx 8 (8) 4 (8)
Av/Bpsx 1 (2)
Av/Bpsux 1 (2)
Total 107 51

WII/III ISOLATES
The distribution of Ph and GS serovars in the 158
WII/III isolates is given in tables 4 and 5. There was
a greater variety of WII/III Ph and GS serovars than
WI serovars. The WII/III isolates consisted of 21 Ph
serovars and 18 GS serovars. The serovars (Ph-Bropt
and GS-Bajk) occurring most commonly with each
panel of reagents did not predominate to the same
extent as the WI predominating serovars.
The prevalence of Ph and GS serovars was com-

parable in men and women, except that Ph-Bropyt
and GS-Back were 10 times more prevalent in men
than women. Table 6 shows the correlation between
Ph and GS serovars in the 158 WII/III isolates. The
most common combination, which accounted for
32% (50) of the WII/III isolates, corresponded to the
most common Ph and GS serovars.

Thirty three WII/III combinations were recog-
nised, over twice the number recognised in WI iso-
lates. Sixteen of the 21 Ph serovars each corresponded
to only one GS serovar, the most notable of these
being the Av/Bx/Behj combination. Nine of the 18
GS serovars each corresponded to one Ph serovar.

In all patients infected at multiple sites with WII/III
isolates, the Ph and GS serovars of isolates from each
site were identical.

Discussion

Using monoclonal coagglutination reagents, the dis-
tribution of serogroup WI was found to be 45% and
of WII/III was 55%. This distribution was consistent
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Table 5 Distribution ofGS serovars in WII/III isolates
from 107 men and 51 women

No (%) infected with serovar

Serovar Men Women

Baj 7 (7) 5 (10)
Bajk 38 (36) 17 (33)
Bacjk 3 (3) 3 (6)
Back 21 (20) 1 (2)
Bak 2 (2) 1 (2)
Bacej 2 (4)
Bacejk 12 (11) 7 (14)
Bacehjk 3 (3) 2 (4)
Baehjk 2 (2)
Baeghjk 1 (1)
Baej 1 (1)
Baejk 4 (4)
Bcegjk 1 (2)
Bceghjk 2 (2)
Bcgjk 1 (1)
Beghjk 1 (1) 3 (6)
Behj 8 (8) 6 (12)
Bj 1 (1) 3 (6)
Total 107 51

with that found in a previous study employing
polyclonal antibody reagents.`1 These results are also
similar to findings in Scandinavia, where WII strains
were shown to predominate in larger towns and WI
strains predominated in the smaller towns.8 21 We
compared serogroup patterns between strains isolated
from men and women. Of isolates obtained from 169
men, 37% belonged to serogroup WI and 63% to
serogroup WII/III, and of isolates obtained from 117
women, 57% belonged to serogroup WI and 43% to
serogroup WII/III. These results are consistent with
previously reported Scandinavian data in which WI
strains were more common in strains isolated from
women than men.8

Strains belonging to serogroup WI could be re-
solved into four Ph serovars and 10 GS serovars, with
a total of 15 Ph/GS serovar combinations. Serogroup
WII/III isolates could be resolved into 21 Ph serovars
and 18 GS serovars, with a total of 33 Ph/GS serovar
combinations. When one serovar in one system corre-
sponded to two or more serovars in the other system,
the latter were closely related, reaction patterns
differing in only one or two reagents.
The Ph and GS reagents used in this study and four

additional GS reagents (two specific for WI and two
for WII/III) have been used to identify strains, mostly
obtained from northern Europe and the United States
of America, in a worldwide epidemiological study.20
Isolates belonging to serogroup WI could be resolved
into 12 Ph serovars and 21 GS serovars. Isolates be-
longing to serogroup WII/III could be resolved into
38 Ph serovars and 62 GS serovars. A total of 27 WI
Ph/GS serovar combinations and 93 WII/III Ph/GS
serovar combinations were recognised. The larger
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Table 6 Correlation between Ph and GS serovars in 158 WII/III isolates
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GS serovars

Ph serovars x v

Bropt 3 50 6 59
Bropv 2 2
Brop 7 7
Bro 1 1
Bropyt 20 1 1 22
Bropyst 1
Broput 2 2
Brot 1 1
Bo 1 1
Bopt 2 1 3
Bopyt 2 2
Bopst 1 1
Brpt 3 3
Brpyst 1 1
Brpyust 2 18 4 1 1 2 28
Brpyut 1 1
Bpyvut 4 2 2 8
Bpyust 1 1
Av/Bx 12 12
Av/Bpsx 1 1
Av/Bpsux 1 1

Total 4 14 4 12 55 6 23 2 2 19 5 2 1 1 4 1 2 1 158

numbers of serovars recognised in such a worldwide
study compared with a more localised study suggest
that a large variety of different strains is circulating in
different geographical locations.
A similar study carried out on strains isolated from

Australia, New Zealand, Bangkok, Singapore, and
Korea resolved 165 WI strains into seven Ph serovars,
seven GS serovars, and eight Ph/GS serovar combi-
nations; and 395 WII/III strains resolved into 25 Ph
and 19 GS serovars with 41 Ph/GS serovar combina-
tions.'6 Several additional studies using selected
panels of these Ph and GS reagents have been re-
ported. 8 14-16 20 22-24 These include studies that
compared the discriminatory power of each
panel'5 20 and showed varying numbers of different
serovars in the gonococcal populations studied.

Serovar patterns in the two major serogroups (WI
and WII/III) differed noticeably. Strains belonging to
serogroup WII/III could be subdivided into more
serovars than strains belonging to serogroup WI. This
has been noted in previous studies.8 1620 One serovar
combination (Arost/Aedgkih) was found to predomi-
nate in the WI isolates. This was consistent with data
reported in a worldwide study.'620 The important
foci of this serovar combination are thought to be
Europe, North America, and some parts of Australia,
but not South East Asia.16 Bygdeman reported that
the GS serovars Aedgkih, Aedih, and Ae were the
three most common serovars in 533 isolates from
different geographical areas, and accounted for 92%
of the isolates.'6 These serovars were also the most
common serovars in WI isolates from Edinburgh,

accounting for 85% of the isolates. In a survey of
serovars of gonococcal isolates from different parts of
the world, 13 WI serovars were recognised, 59% of
which were accounted for by the GS serovars
Aedgkih, Aedih, and Ae.24 The geographical origin
of these isolates, however, was not reported.
No predominating serovar was recognised in

strains belonging to serogroup WII/III. This obser-
vation has been made in previous studies.'6 20 In the
same survey as that described for WI strains,
Bygdeman reported that 1333 WII/III strains could
be resolved into 36 GS serovars.'6 The 10 most com-
mon serovars (Bajk, Bacejk, Bak, Bacek, Bacjk,
Bcgjk, Back, Beghjk, Bcegjk, and Bcgk) accounted
for 98% of the WII/III isolates. In the present study
WII/III strains from 158 patients could be resolved
into 21 GS serovars. The 10 most common serovars
(Bajk, Bacejk, Bacjk, Back, Beghjk, Behj, Bj, Baj,
Bacehjk, and Baejk) accounted for 92% of the
WII/III isolates. Five of these serovars are included
amongst the 10 most common WII/III serovars re-
ported by Bygdeman.16 These findings support the
observation made by Bygdeman that there are great
differences in WII/III serovar patterns between
different regions, and that the serovar Bajk is com-
mon to all geographical regions.16 One WII/III sero-
var combination (Bropyt/Back) is notable by the
observation that strains of this serovar are 10 times
more often isolated from men than women. As sero-
group WII/III has been correlated with homosexually
acquired infection,9 11 25 this serovar is probably
related to homosexuality.
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The small variety of serovars noted in isolates
belonging to serogroup WI could be a result of the
poor discriminatory power of the WI monoclonal
antibodies or, alternatively, could reflect the small
number of different epitopes of-protein IA. The latter
possibility would suggest the need for an alternative
target antigen to protein I for use in the serological
classification of WI strains. Sandstrom et al found it
more difficult to obtain different antibodies against
WI epitopes than WII/III epitopes,14 and studies on
the antigenic drift of gonococcal protein I suggest
that the WI serogroup is more antigenically stable
than the WII/III serogroup.20 Auxotype analysis has
been combined with serovar analysis to try to
improve the resolution of the serovar system.23 26
Although several correlations between auxotype and
serovar have been reported,'6 23 24 these studies show
that the combination of serological classification with
auxotyping achieves greater discrimination than if
either system is used alone. Auxotyping, however, is
not as easy to perform as serogrouping by
coagglutination, and its use is therefore more
restricted.

Despite the limitations, the degree of discrimi-
nation achieved by serological classification alone has
proved valuable in many aspects of gonococcal epi-
demiology and pathogenesis. Serovar analysis has
proved useful in contact tracing. In a study by Back-
man et al, gonococcal strains from 95% of known
contact pairs belonged to the same serovar in each
couple.27 Non-matching serovars from presumed sex-
ual partners indicate that additional partners may
have to be traced, or that there are double infections.
The occurrence of double infections can be assessed
by serovar analysis. Double infections were rare in
this locality. One woman (less than 1%) out of 117
was infected simultaneously with gonococcal strains
of different serogroups at each site. Another woman
was infected with gonococci belonging to slightly
different GS serovars at each site. Backman et al re-
ported that two (1%) of 218 women, two (7%) of 28
heterosexual men, and three (25%) of 12 homosexual
men had two or more gonococcal isolates simulta-
neously.27 These workers drew attention to the
problem of recognising a double infection at one site
with strains belonging to the same serogroup but
different serovars.

Serovar analysis has great potential for the control
of microepidemics of gonococcal infection, particu-
larly with a strain with a distinctive serovar or one
that has low prevalence_in the population. In this
study, a distinctive strain that crossfrreacted with Ph
Av and Ph Bx reagents was detected in 14 (5%) of
infected patients. All these strains belonged to GS
serovar Behj and, furthermore, this serovar was
found uniquely in such strains. A worldwide study
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reported that no isolates reacted with the Ph Bx re-
agent.'s More recently, however, the same Av/Bx
cross reactive strains have been reported.'6 These
strains were also found to cross react with the GS Al
reagent, one not included in the panel used in the
present study. It has been proposed that these strains
are the missing link between serogroups WI and
WII/III. 6 We are currently monitoring all Av/Bx iso-
lates and carrying out intensive contact tracing to pre-
vent this serovar becoming more widely established in
the community.

Serovar analysis has potential value in medicolegal
cases, particularly when the serovar of tested strains is
related to the prevalence of such strains in the geo-
graphical area concerned.'6 Serovar analysis has also
been found to facilitate the classification of isolates
taken before and after treatment as representing
treatment failure or reinfection.'6 28

Correlations between serovars and various aspects
of gonococcal infection extend the potential value of
serovar analysis. These correlations include an associ-
ation between serovar and susceptibility to anti-
biotics,'628 29 serovar and sexual preference,27 and
serovar and auxotype.'6 23 24 Auxotype AHU-,
which was previously correlated with disseminated
gonococcal infection,7 has been correlated with par-
ticular serovars, indicating that serovar analysis could
prove useful in identifying strains capable of causing
serious or complicated infections. Serovar and auxo-
type analysis have also been correlated with plasmid
profile,'6 and serovar analysis has potential for moni-
toring outbreaks of infection with penicillinase pro-
ducing strains of Neisseria gonorrhoeae (PPNG), thus
helping to control such infections in the commu-
nity.' 5 30 A knowledge ofPPNG serovars allows out-
breaks to be recognised early and contact tracing
efforts to be concentrated on people infected with the
epidemic strain.'6 The loss of the fi lactamase
encoding plasmid from PPNG strains has been
reported.'6 Serovar analysis could therefore have an
advantage over detection methods that rely on
production of the (B lactamase enzyme to identify
PPNG strains, in that the spread of infection could
continue to be monitored, even when one or more of
the contacts in the chain of infection are infected with
gonococci that have lost their P lactamase plasmid.
The diversity of antigenic types of gonococci circu-

lating in the Edinburgh area were illustrated in this
study. To date, there are no published data on serovar
patterns in the United Kingdom. A knowledge of cur-
rently existing serovars in a particular geographical
area is necessary to interpret results obtained from
serovar identification. Monitoring strains by serovar
identification should also prove useful in developing
antigen detection systems and in evaluating the use of
monoclonal antibodies for serological classification.
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Continued monitoring of serovar patterns will be
necessary, as temporal changes may occur because of
genetic alteration of existing strains and the
importation of strains from different geographical
regions.

Serovar analysis by the coagglutination test is an
easy and reproducible method for classifying
gonococci. Although resolution could be improved
by incorporating additional reagents to the panel, a
compromise must be reached between improving
resolution and making serovar analysis too complex
and time consuming. The temporal monitoring of
strains in particular geographical regions should
make it possible to design panels suitable for the
different regions, as the range of gonococci in any one
area is limited.8 A standardised panel, however,
would be preferable to compare results from around
the world. Local monitoring of serovar patterns from
geographical regions around the world should allow
the origin of outbreaks to be identified and the world-
wide spread of gonorrhoea to be studied.
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