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Recent Developments in the Laboratory
Diagnosis of Gonococcal Infections

ALICE REYN 1

The author reviews the more important studies on the laboratory diagnosis ofgonococcal
infections published since 1964. The most significant new developments are the use (a)
of fluorescent antibody techniques and (b) of selective media for the identification and
isolation of Neisseria (N.) gonorrhoeae. The sensitivity and specificity of culture methods
and of the direct " delayed " fluorescent antibody technique (FA T), both at their best, are
very similar, but the FA T allows for more rapid reporting. The results of the direct " un-
delayed " FAT can be given even more rapidly, but, especially with specimens from. women,
it is less sensitive than culture or the direct " delayed " FA T. The use of a selective
medium facilitates the recognition and identification of N. gonorrhoeae, but the advantage
of a selective medium over a non-selective medium depends very much on the skill of the
technical personnel involved. One disadvantage is the existence ofgonococcal strains that
are very sensitive to the antibiotics used hitherto for the suppression of Gram-positive conta-
minants. Ideally, selective medium should be used in combination with the direct " delayed "
FAT after growth on non-selective medium. Other new achievements are a complete,
chemically defined, protein-free liquid medium for the culture offastidious Neisseriae; a
commercially available chemically defined enrichment supplement; and a new specimen-
transport kit using Stuart's medium.

The author also reviews recent reports which suggest that the in vitro sensitivity of N.
gonorrhoeae to penicillin and other antibiotics used for treating gonorrhoea is generally
decreasing; however, some reports of increasing sensitivity have lately come from Scandi-
navia.

The most recent bibliographical references in an
earlier paper (Reyn, 1965) on the laboratory diag-
nosis of gonococcal infections were from 1964. Since
that time many studies have been published dealing
with various aspects of this theme; much attention,
in particular, has been paid to the development of
fluorescent antibody techniques and selective media.
These fields will be the main topics of the present
supplementary remarks, although other work of
importance for the laboratory diagnosis of gonor-
rhoea will also be mentioned briefly.

FLUORESCENT ANTIBODY TECHNIQUES (FAT)

Sensitivity
Coons' immunofluorescence technique for the

identification of Neisseria gonorrhoeae was first

I WHO International Reference Centre for Gonococci,
Neisseria Department, Statens Seruminstitut, Copenhagen,
Denmark.

employed by Deacon et al. in 1959. Those authors
reported both on a direct, " undelayed " technique
for treating smears of secretion with rabbit anti-
gonococcal gamma-globulin conjugated with fluo-
rescein isothiocyanate (FITC), and on a " delayed"
technique in which specimens from patients were
preincubated on a nutrient medium before smears
of culture were treated with FITC-labelled antibody
(Deacon et al., 1960).

Since then, several workers have reported their
results using FAT in patients suspected of suffering
from gonorrhoea (Danielsson, 1963a, 1963b;
Deacon et al., 1959; Fry & Wilkinson, 1964;
Holman et al., 1964; Lucas et al., 1967; Pariser et al.,
1964; Price, 1964; Shapiro & Lentz, 1967; Truksa
et al., 1967). The most comprehensive studies have
been published by Danielsson (1963a, 1963b, 1965a,
1965b) and by Lind (1963, 1964, 1967).

Several reports are generally in favour of the direct
" undelayed " FA T, a procedure which a priori seems
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to be attractive. Kellogg & Deacon (1964) described
an immunofluorescent staining technique using direct
smears, which, according to those authors, had
shown itself to be practical as a diagnostic method.
However, confirmative reports by other workers are
lacking as yet. Peacock & Thayer (1964) observed
a good effect of Flazo orange counterstain in the
direct FAT. They used human serum to " block "
the non-specific fluorescent staining of Staphylo-
coccus aureus and polymorphonuclear leucocytes.
Lind (unpublished) was not able to confirm any
blocking effect of human serum on the " staining"
of leucocytes. Mouton (1966), in 100 examinations
for gonorrhoea, found that the direct FAT yielded a
positive result in 51 cases against 33 positive culture
results. Mouton was also unable to confirm any
blocking effect of human serum on the leucocytes.
Potuznik & Hausner (1967) preferred the direct
FAT, using counterstaining with Lissamine rhoda-
mine conjucated to albumin and trypan blue.
Lind (1967) found that the yield from the direct

" undelayed " FAT was not higher than that from
Gram-staining-i.e., nearly 100% for men and
about 60% for women, as compared with culture.
These results were obtained by using duplicate
smears from infected swabs stored in solid Stuart's
medium for 6-18 hours before use. Storage in
Stuart's medium acts as a mild treatment of the
specimens, breaking down the detritus and slime.
Satisfactory reduction in the non-specific staining
of leucocytes in direct smears of secretion was not
achieved either by absorption of the conjugates with
various tissue powders or by the application of
different counterstaining techniques (albumin
labelled with Lissamine rhodamine RB 200, normal
globulins labelled with either Lissamine rhodamine
RB 200 or tetramethyl-rhodamine isothiocyanate
(TMRITC (BBL)) (Smith et al., 1959), Evans blue
(Fry & Wilkinson, 1963), and Flazo orange (Hall &
Hansen, 1962; Hokenson & Hansen, 1966).) The
only procedure which prevented non-specific staining
of leucocytes was an alteration of the ratio between
dye and protein during the labelling process in
combination with chromatography on DEAE
cellulose (Lind, 1964). In all the methods, the
counterstain occasionally interfered with the specific
staining of gonococci, giving them all shades of
colour from red to yellowish green. Treatment with
trypsin, as suggested by Ovcinnikov (1963a), not
only diminished the non-specific straining of leuco-
cytes but also considerably reduced the specific
staining of gonococci. The fact that the number of

gonococci per microscopic field is often small, that
cells and secretion tend to cover some of the gono-
cocci (presumably preventing their specific staining),
and that it is difficult to prepare suitable smears
directly from patients represents a severe handicap
in the direct FAT; a carefully performed examina-
tion by the direct FAT is a tedious and time-
consuming process.
On the other hand, the " delayed " FA Tis regarded

as time-saving and reliable. Comparisons of the
" delayed " FAT and culture have shown that each
method yielded positive results in the same number
of patients, and that a 10%-I5 % increase in positive
specimens was observed with the " delayed" FAT.
Using that technique, all positive results were found
after 18-20 hours' incubation, thus including the
one-third which did not show visible growth by
culture until 24 hours later (Lind, 1967).

Results on the " delayed " FAT published from
other laboratories are either in agreement with
Lind's results or show a pronounced superiority
of the FAT over culture. This is probably due rather
to variation in the quality of the medium and in the
technique used in culturing than to variability in the
" delayed " FAT itself, which, of course, is also
dependent on the medium used (Danielsson, 1965a;
Price, 1964; Shapiro & Lentz, 1967). The advantage
of the " delayed " FAT over conventional culture
depends mainly on its independence from con-
taminating organisms. The introduction of selective
culture media tends to reduce the superiority of the
" delayed" FAT in comparison with culture, but
specific results are obtained more rapidly with
the FAT.

Specificity
Cross-reactivity with FITC-labelled gonococcal

antiserum is found essentially with Neisseria (N.)
meningitidis and certain strains of Staphylococcus
aureus (Danielsson, 1963c; Deacon, 1963; Lind,
1963). N. catarrhalis, N. flava and N. subflava also
cross-react but to a lesser degree (Danielsson, 1963c,
1965a; Lind, 1967). Micro-organisms which have
often been considered as sources of error in Gram-
stained smears (Mima, Herellea, Moraxella) do not
cause any difficulty.
The cross-reactivity of Staphylococcus aureus can

be inhibited in either of two ways: by absorption with
a strongly cross-reacting Staphylococcus aureus
(Danielsson, 1965b), or by one-step inhibition using
a mixture of labelled gonococcal serum and un-
labelled normal rabbit serum or rabbit antistaphylo-
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coccal serum for staining of the smears (Bergman
et al., 1966; Deacon, 1963; Lind, 1964). These
procedures do not simultaneously eliminate com-
pletely the staining of meningococci. In practice,
however, this is unessential, since meningococci are
seldom found in specimens received for identification
of gonococci. Presumably the cross-reaction with
Staphylococcus aureus is due to non-specific adsorp-
tion of serum globulins (Lind, 1964, 1968; Lind &
Mansa, 1967, 1968; Lind et al., 1964).

Combined use of selective medium and FAT
In the " delayed" FAT a non-selective medium is

commonly used. If the specific fluorescence re-
mained unchanged after growth on such a medium,
the FAT might be improved by the use of a selective
medium. Recently, Lind (to be published) studied
50 freshly isolated gonococcal strains (and a series
of other micro-organisms relevant to the examina-
tion of discharge) by the delayed FAT after growth
on selective medium and non-selective medium '
without finding any change in the morphology or
stainability of the strains. Furthermore, the results
of culture on selective medium and of the FAT
combined with both selective and non-selective
medium were compared in 815 duplicate specimens.
Of these, 610 were negative and 189 were positive
by both methods; of the remaining 16 specimens,
8 were positive by culture alone and 8 by the FAT
alone. One gonococcal strain unable to grow on the
selective medium was detected by the FAT on non-
selective medium. The discrepancies between the
two methods were negligible in specimens from
males. In contrast to earlier findings in rectal
specimens from females, culture and the FAT gave
nearly the same number of positive results. Another
important observation was that 4 cervical specimens
were positive by culture only. In all 4 cases very few
colonies were found after 48 hours' incubation.

SELECTIVE MEDIA

Selective inhibition of contaminants during the
transport of gonococcal specimens has been proved
to be of little value. However, the incorporation of
inhibitory substances in the media for primary
isolation of N. gonorrhoeae has gradually been
developed. The observation by Crookes & Stuart
(1959) that the addition of polymyxin B sulfate to

I Modified HYL medium (Reyn, 1965) (haemoglobin
replaced by heated defibrinated horse blood) with and
without polymyxin, ristocetin and nystatin.

the culture medium inhibits the growth of Escherichia
coli without influencing the growth of N. gonorrhoeae
was confirmed by Reyn et al. (1960). Those authors
observed that the inhibition of E. coli was obtained
at the expense of a somewhat heavier growth of,
especially, diphtheroids and certain Gram-negative
rods.

In the Neisseria Department of the Statens
Seruminstitut, Copenhagen, 25 IU polymyxin B
sulfate have been added per ml of medium since
April 1960 in order to inhibit the growth of coliform
bacilli on the routine medium for primary isolation
of gonococci. Furthermore, about 25 IU nystatin
per ml have been periodically used to inhibit the
growth of moulds, and since July 1965 this policy
has been practised constantly. A synthetic sub-
stance, PNPG/I (Jungfer, 1958),2 was found to be
inhibitory to the swarming of Proteus. The great
majority of gonococcal strains tolerated a concen-
tration which inhibits most of the Proteus strains
encountered. Where there is repeated overgrowth
with Proteus from the same source, inoculation on
plates with polymyxin B and nystatin alone and on
plates containing 60 ug PNPG/1 per ml as well
has been employed in the Neisseria Department since
1960. To be on the safe side, the reports state when
a special medium has been used and add that negative
results should be accepted with some reservation
(Reyn, 1965).3

Courtieu et al. (1959) recommended ristocetin as
being inhibitory to Gram-positive bacteria. This
substance should not be deleterious to pathogenic
Neisseria nor should it inhibit N. catarrhalis (Grundy
et al., 1957). In 1961, a selective medium containing
ristocetin was recommended by Berger for the isola-
tion of N. catarrhalis. In 1964, Thayer & Martin
proposed a selective medium containing 25 IU
polymyxin B sulfate and 10 ,ug ristocetin per ml.
The medium was especially recommended for the
isolation of N. gonorrhoeae, but it was found that
N. meningitidis (with one exception) also grew well
on that medium. Out of 59 positive gonorrhoeal
specimens (28 from males, 31 from females) diag-
nosed on selective and conventional media, only
1 strain failed to grow; 2 other strains were greatly

'This substance has recently been withdrawn from the
market; a new manufacturer is being sought.

' Recently, Alwen & Smith (1967) reported that the
incorporation of I % active charcoal in their medium com-
pletely inhibited the swarming of Proteus species. However,
the present author was unable to confirm this finding using
HYL medium prepared with heated horse blood instead of
haemoglobin.
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inhibited on the selective medium. The authors
claimed that " less than 0.1% of such cultures have
been encountered ".

In 19641 the combination of antibiotics recom-
mended by Thayer & Martin was tested in the
Neisseria Department of the Statens Seruminstitut.
The over-all results obtained by Thayer & Martin
(1964) were confirmed. However, the advantage of
the selective medium varied from one experimental
series to another. In one period the gain of positive
cultures on either medium was equal (4%), while in
other periods the gain on the selective medium was
13% against 5% on the non-selective medium. In
addition, a few gonococcal strains were found to be
very sensitive to ristocetin. The identification of
N. gonorrhoeae was much facilitated, as contamina-
tion was greatly reduced, examination for acid
production from sugars was easier, and, generally,
more positive results were obtained.2
Thayer & Martin's selective medium was evaluated

by Roepsdorff & Hammerstr6m (1966) for the
routine diagnosis of gonorrhoea, with special
reference to rectal gonorrhoea in women. The yield
was increased in the urethra, cervix and rectum
together by 23 %. In rectal specimens there was an
increase of 241 %, and 12% of the female rectal
strains persisted after treatment (77% of the latter
showed reduced sensitivity to penicillin). Wilkinson
(1965) compared culture for gonococci on chocolate
agar containing 25 IU of polymyxin B and 10 ,tg
ristocetin per ml and on the same medium without
antibiotics. The combined antibiotics markedly
suppressed the growth of contaminating organisms
and facilitated the isolation of gonococci in pure
culture. This was found of greatest value when
dealing with rectal cultures. Martin et al. (1965)
found that use of the Thayer & Martin selective
medium was superior to the delayed FAT when
incubation of the medium was carried out for
40 hours. However, the delayed FAT employed
was a modification of the original technique de-
scribed by Deacon et al. (1960). Heimans (1966)
found that in 11 out of 110 female cases of rectal
gonorrhoea, the diagnosis could only be made on
the selective medium, while smears and non-
selective plates gave negative results.

1 The fact that the late Dr Thayer sent the manuscript to
the author before printing made it possible to test the com-
bination of antibiotics at that early stage.

' Ristocetin was incorporated in the routine medium in
July 1965, i.e., after the drug had been removed from the
market but the Neisseria Department had acquired a large
quantity of ristocetin in stock before that happened.

In 1965, ristocetin was taken off the market. In
consequence, Thayer & Martin (1966) proposed
3 units 3 vancomycin per ml as a suitable substitute
for the inhibition of Gram-positive contaminants;
sodium colistimethate (7.5 ,ug/ml; Warner-Chilcott)
was recommended instead of polymyxin B sulfate
because it was considered to be more inhibitory to
saphrophytic Neisseria than polymyxin B; nystatin
(12.5 IU/ml) was added in order to inhibit yeast
(VCN medium). The authors found that gonococcal
growth became evident earlier on the VCN medium,
and that micrococci were more strongly inhibited.
Berger (1966), who had recommended ristocetin in
1961 for the inhibition of Gram-positive organisms
in specimens from the nasopharynx, proposed the
addition to media of lincomycin or vancomycin
instead of ristocetin for the isolation of gonococci
and meningococci. Recently, Potuznik & Hausner
(1968) suggested the simultaneous use of 4 ,ug
vancomycin per ml of medium and 5 ,tg lincomycin
per ml of medium together with 12 ,ug-25 jug colistin
per ml of medium.

Preliminary experiments in the author's labora-
tory indicated that 3 jug vancomycin per ml was less
inhibitory to N. gonorrhoeae than 10 ,tg ristocetin per
ml, and that the Gram-positive micro-organisms
encountered were inhibited to a similar degree by
the two antibiotics. In January 1968, ristocetin was
replaced by vancomycin 3 ,ug/ml in the routine work.
However, as it has already been mentioned, some
gonococcal strains are very sensitive to ristocetin.
As this might also apply to vancomycin, during a
period of 4 months (May to September 1968),
900 specimens from males, from a municipal clinic
in Copenhagen, were streaked using the same swab
(selective medium first) on media with and without
vancomycin, polymyxin B sulfate and nystatin.
Altogether, 171 of the cultures were positive. Seven
cultures from 6 patients were isolated on the non-
selective medium only, against 5 that were isolated
on the selective medium only. The strains that did
not grow on the selective medium were tested against
penicillin, streptomycin, tetracycline, vancomycin
and polymyxin B sulfate. All strains were very
sensitive to penicillin, streptomycin and tetracycline,
and 5 of them were also sensitive to less than 1 ,g
vancomycin per ml. They were all resistant to 25 IU
nystatin and to more than 100 IU polymyxin B per
ml. Thus, the present frequency of strains which
cannot grow on a selective medium containing
vancomycin at 3 ,ug/ml is estimated at about 3%.

3 Iunit = 1 g.
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It can be concluded that selective procedures to
inhibit the growth of contaminants on media for the
primary isolation of N. gonorrhoeae have proved
successful. However, it should be borne in mind
that the number of micro-organisms (N. gonorrhoeae
and others) varies from one specimen to another, as
does the transportation time and temperature, and
that strains particularly sensitive to the antibiotics
may occur epidemically. The ideal would be to use
2 media, one with antibiotics and one without, but
this is restricted by space and cost. When a selective
medium is used alone, infection with very susceptible
strains may remain undiagnosed.

OTHER MEDIA FOR PRIMARY ISOLATION

OF N. GONORRHOEAE

Park (1964) examined the nutritional requirements
of Neisseria gonorrhoeae and found that the stimula-
tory effect of liver extract was successfully replaced
by a mixture of adenine and guanine, or by hypoxan-
thine alone.
White & Kellogg (1965) described a fermentation

medium (CM) for Neisseria gonorrhoeae and other
Neisseriae. The CM medium was composed of
Difco proteose peptone No. 3, Difco agar, sodium
chloride, phenol red and water. After sterilization,
a defined supplement (1963) composed of glutamine,
cocarboxylase, ferric nitrate and water was added.
The CM medium was said to be well suited for
culture of N. gonorrhoeae, including fermentation
reactions. Ellner et al. (1966) described a new agar
base, which is commercially available (Baltimore
Biological Laboratory, Baltimore, Md.) as " Colum-
bia Blood Agar Base".

Martin et al. (1967) reported a new commercial
medium for the isolation of N. gonorrhoeae. This
"chocolate " medium was manufactured by BBL
(Baltimore Biological Laboratory). It was enriched
with a chemically defined supplement, Iso Vitalex,
which contains vitamin B-12, L-glutamine, adenine,
guanine, p-aminobenzoic acid, L-cystine, glucose,
diphosphopyridine nucleotide, cocarboxylase, ferric
nitrate, thiamine hydrochloride, and cysteine hydro-
chloride.

In 1967, Kenny et al. described a complete
chemically defined protein-free liquid medium which
resulted in good growth of normally fastidious
Neisseria. The medium was originally developed for
Neisseria gonorrhoeae, but it also supported excellent
growth of other Neisseriae. It was designated
NCDM, and the main ingredients were Medium 199

(Morgan et al., 1950), cocarboxylase, L-glutamine,
dextrose, ferric chloride and sodium bicarbonate.
The report stated that the lowest count of bacteria
that would potentiate maximal growth in NCDM in
24 hours was 104 organisms per ml for the gono-
coccus and 103 organisms per ml for the menin-
gococcus. The medium was developed with a view
to the study of the basic biochemistry of the neisserial
pathogens and the production of experimental lots
of vaccines. It cannot be seen from the report how
many different isolates of the various Neisseriae had
been grown in the new medium.
Chacko & Nair (1968) described a medium

"enriched with hen's egg contents " for the culture
of N. gonorrhoeae and N. meningitidis. They
reported that the medium was at least as effective as
the Difco GC medium.

MEDIA AND EQUIPMENT FOR TRANSPORT AND STORAGE

OF SPECIMENS

Mbller (1964) described a series of viability-
preserving media for the transport of bacteriological
samples and for stock cultures. One of these was
found to preserve gonococcal strains better than
Stuart medium. The exact formula of this medium
was not given. Capinski et al. (1964) reported on a
transport experiment from Krakow, Poland, to
Copenhagen, Denmark. Discharge was taken from
145 patients with gonorrhoea and transported in
charcoal-impregnated swabs in Stuart's medium.
The time of transportation ranged from 24 to
100 hours. Positive cultures were obtained in
140 cases. The authors found the results useful
in support of the introduction of this method
in Poland.
Amies (1967a) presented a modified formula of

Stuart's transport medium with charcoal incor-
porated in the medium. Cleaver (1967) observed
that a batch of commercially prepared cotton-wool
bacteriological swabs sterilized by gamma-radiation
had an antibacterial effect. The mechanism of this
effect was probably the low pH at which the cotton-
wool was processed. Stuart's transport medium
neutralized this inhibitory effect, presumably by
buffering. Muller & Mochmann (1966) used
Stuart's original medium to isolate 93 gonococcal
strains from 119 patients with gonorrhoea (positive
smear and clinical evidence). Ellner & Ellner (1966)
examined 5 different types of swab-untreated
cotton, PVA (polyvinyl alcohol) cotton, calcium
alginate, Dacron, Fortrel and untreated cotton in
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Stuart's transport medium. They obtained the best
results using untreated cotton swabs in Stuart's
transport medium.

Kallings (1968) and Kallings & Gastrin (1966)
described a new transport kit which had 20 ml of
Stuart's transport medium in a glass ampoule.
Nitrogen was substituted for the air in the ampoule,
and the ampoule was sealed and autoclaved. A swab
impregnated with charcoal placed in a plastic
envelope was enclosed with the ampoule in a special
polystyrene transport container.

IN VITRO SENSITIVITY OF N. GONORRHOEAE

Although the in vitro determination of the drug-
sensitivity of N. gonorrhoeae is not strictly part of
the laboratory diagnosis of gonococcal infection, it
was considered relevant to summarize the more
recent reports on this subject. During recent years,
surveys on the in vitro sensitivity of N. gonorrhoeae
to antibiotics have been published from many
different parts of the world. The greatest interest has
been paid to the sensitivity to penicillin, but other
antibiotics (mainly streptomycin and tetracycline)
have also been included.
Using 493 gonococcal strains covering a wide

range of sensitivity to penicillin, Reyn & Bentzon
(1968) studied the relationships between the sen-
sitivity of N. gonorrhoeae to sodium penicillin G,
to 4 semi-synthetic penicillins, to spiramycin and to
fusidic acid. As one consequence of their findings,
the employment of gonococcal strains with varying
" antibiotic patterns " was recommended for in vitro
trials of new antibiotics for future clinical use. The
same authors 1 described and re-evaluated the
3 WHO international reference strains of N. gonor-
rhoeae for the determination of the sensitivity to
penicillin.

Increasing resistance to penicillin has been
reported by Amies (1967b; 5700 strains; Toronto,
Canada), Durel et al. (1967; 568 strains; Paris,
France), Hejzlar & Vymola (1965; 226 strains;
Prague, Czechoslovakia), Ho & Chang (1967;
59 strains; Taipei, Taiwan), Juhlin (1967; 1031
strains in 1963 and 1329 strains in 1966; Malm0,
Sweden), Pesina & Chastikova (1965; Gorki, USSR),
Ronald et al. (1967; 54 strains; Seattle, Wash., USA),

I Unpublished working documents WHO/VDT/RES/
GON/9.65, WHO/VDT/RES/GON/67.19, and WHO/VDT/
68.351. A limited number of copies of these documents is
available to persons officially or professionally interested on
request to Distribution and Sales, World Health Organiza-
tion, 1211 Geneva, Switzerland.

Smith & Levey (1967; 104 strains; Sydney and
Newcastle, Australia), and Thayer et al. (1965;
"five metropolitan areas in the USA ").
Ang & Oner (1965) reported, inter alia, that

25.7 % of 70 gonococcal strains from Istanbul,
Turkey, were partially resistant to penicillin, 50%
were resistant to streptomycin and 32.8% to the
tetracycline groups. Chacko & Yogeswari (1966)
found that 45.6% of 160 gonococcal strains isolated
at random in Madras, India, showed decreased
sensitivity to penicillin. "A trend towards positive
correlationship" in the in vitro parallel sensitivities
of penicillin, streptomycin and Chloromycetin
[i.e., chloramphenicol] has also been found in a
limited group of 25 strains of gonococci investigated
in this study."

In contrast to these reports, Kallings & Giistrin
(1966) found an increasing frequency of strains
sensitive to penicillin in Stockholm, Sweden, from
1963 to 1965. In Oslo, Norway, Odegaard &
Gjessing (1967) observed that the increase in the
proportion of gonococcal strains less sensitive to
penicillin culminated in 1964. It was also noted that
more strains had become sensitive to streptomycin
during 1965 and 1966; 3000 strains were examined.
Recently, Olsen & Lomholt (1968) reported that in
Greenland the frequency of gonococcal strains with
reduced sensitivity to penicillin was 54% in 1964-65
(309 strains) as against 19% in 1965-66 (646 strains).
Late in 1964, the routine treatment schedule of
gonorrhoea in Greenland had been changed from a
combination of 0.6 mega-unit sodium crystalline
benzylpenicillin+ 0.6 mega-unit procaine sodium
benzylpenicillin+ 1.2 mega-units benzathine peni-
cillin to 5 mega-units crystalline sodium benzyl-
penicillin preceded by 1 g oral probenicid 30 minutes
before. The authors ascribed the decrease in the
frequency of less susceptible strains to the intensified
dosage and to the intensified campaign against the
disease, resulting, inter alia, from repeated pro-
phylactic treatment of the most exposed groups of
patients.

In Denmark, the diagnosis of gonorrhoea by
culture is centralized at the Statens Seruminstitut,
Copenhagen. Since 1958 routine determination of
the antibiotic sensitivity of the strains received has
been performed to an increasing extent. Up to the
end of 1962 the percentage of strains with reduced
sensitivity to penicillin had risen to 58%, but from
1963 to 1967 it had decreased from 47% to 33 %.2

' The percentage of strains less sensitive to penicillin was
30% from 1 January to 30 September 1968.
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During the same period the proportion of strains
sent in with a request for sensitivity determination
rose from 31 % (2296 strains) to 38% (3447 strains).
If all the extra strains from 1967 were derived from
sources harbouring penicillin-sensitive strains, that
fact alone would explain the decrease in the strains
less sensitive to penicillin received during that year.
However, this was not thought to be likely, and most
probably the decrease in strains less sensitive to
penicillin is an over-all feature of the gonococcal
strains now in circulation in Denmark (with Green-
land), in Norway and in parts of Sweden. It had
been observed previously that ristocetin (as employed
in the selective medium 1 for primary isolation of
gonococci) tended to be more inhibitory to strains
sensitive to penicillin than to those that were less
sensitive. With the increasing frequency of multi-
sensitive gonococcal strains, the risk of loosing more
and more strains on a selective medium might be
increasing. A currently performed control series
showed that from December 1963 to May 1965,
21 cultures were isolated on the non-selective
medium alone against 48 cultures on the selective
medium (total number of positive cultures: 490).
However, during a period in August 1967, the
corresponding figures were 7 and 3 cultures, re-
spectively (total number of positive cultures: 89).
The difference between 21 and 48 on the one hand
and 7 and 3 on the other is statistically significant
(P= 3%). These results are in agreement with the
assumption of an increasing risk of undiagnosed
gonorrhoea. The result of the control series per-
formed in 1968 with vancomycin in the selective
medium is a further indication in this direction.'

SEROLOGICAL PROCEDURES

No further reports have appeared dealing with the
precipitin test proposed by Reising & Kellogg (1965)
since the appearance of their paper, nor has the
indirect FAT for the detection of meningococcal and
gonococcal antibody been submitted to any large-
scale evaluation in sera from patients. Hess et al.
(1965) concluded " that the indirect immuno-
fluorescent technique applied t the serologic
diagnosis of gonococcal arthritis appears to be
specific for the gonococci ". They selected a 2+
reaction at a dilution of 1: 100 as a significant titre.
The authors reported on the examination of alto-
gether 222 sera, 127 of which derived from patients

1 See " Selective media ", above.

with gonococcal infection or Reiter's syndrome.
The controls comprised patients with miscellaneous
diseases and types of arthritis other than gonococcal
arthritis or Reiter's syndrome. Only 13 sera from
" normal " controls were tested. In 1965, in a study
of immunofluorescent detection of serum antibodies
(indirect FAT) to the gonococcus among 26 menin-
gococcal carriers, Peacock et al. reported that 64%
had a titre of 1: 20 or greater with N. gonorrhoeae
type 1;2 and 100% had titres of 1:20 with the
subject's own meningococcal isolate. Of a confined
group of 13 "free from Neisseria ", 38 % had a
titre of 1: 20. These results indicated that the in-
direct FAT as performed by them could not be used
for the diagnosis of gonorrhoea or for observing the
course of the disease.

Complement-fixation methods have been re-
considered by Magnusson & Kjellander (1965) and
by Anderson & Brendish (1965). Those authors
agree as regards the usefulness of the complement-
fixation test when employed together with clinical
and anamnestic evidence, and taking into considera-
tion possibilities other than gonorrhoea, especially
meningococcal infection and chronic bronchitis. In
a study by Lange et al. (1965) of a gonococcal
complement-fixation test (GR) in 1601 patients from
Greenland, it is concluded that a positive GR
without anamnestic and clinical signs of gonorrhoea,
especially in patients with extensive chronic pul-
monary processes including tuberculosis, cannot be
taken as evidence of present or previous gonorrhoea.
It is emphasized that the common practical Danish
rule " that a strongly positive GR (titre >36)
supports the specificity of the reaction " is not valid
if the patient is suffering from a chronic pulmonary
disease.

In a survey of methods for laboratory diagnosis
of gonorrhoea used in the USSR, Ovcinnikov
(1963b) concluded that, although the complement-
fixation test has fallen into disuse, it should continue
to be employed provided that new and improved
antigens etc. can be developed.

Hirshberg & Harper (1965) developed a haemag-
glutination test to detect antibodies to N. gonor-
rhoeae. The antigen employed was thermolabile
and reported to be " for the most part " protein in
nature. The authors concluded that the haemag-
glutination test appears to be a sensitive test for
gonorrhoea and stated that " studies on the purifica-
tion of the antigenic material are in progress

2 Colonial type (Kellogg ct al., 1963).
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Maeland (1966) extracted an erythrocyte-sensitizing
antigen from gonococci, and used the method of
Chanarin (1954) for the extraction of the antigen
and for the lysis with complement. Antibodies
reacting with sensitized erythrocytes were found in
55% of 100 blood-donor sera. The haemolysis test
afforded no advantage over the complement-
fixation test in the diagnosis of gonococcal infection.
The antigen employed was thought to be poly-
saccharidal in nature. Maeland (1967, 1968) reported
on further studies of gonococcal antigens and anti-
bodies with no direct connexion with a serological
test for the detection of gonococcal antibodies.
Cohen and co-workers (1967) have studied " na-
tural" and immune human antibodies reactive with
antigens of a virulent 1 N. gonorrhoeae, i.e., IgG,
IgM, and IgA, and the competition between, and
effectiveness of, IgG and IgM in different serological
tests.

CONCLUDING REMARKS

Fluorescent antibody techniques
During recent years an increasing amount of

literature has been published dealing with the FAT
as an aid in the laboratory diagnosis of acute gonor-
rhoea. In judging the value of the FAT used alone
or the desirability of combining it with other tech-
niques already in use, the following points should be
taken into consideration:

(1) The facilities for transporting specimens (or
patients) to the laboratory.

(2) The local possibility of employment of a
reliable culture method.

(3) The number of the specimens to be examined
and the sex of the patients from whom they are
derived.

(4) The possibility of obtaining good equipment
for the FAT.

(5) The quality of the technical personnel involved.
The sensitivity and specificity of culture and

direct " delayed " FA T (both at their best) are very
similar, but the FAT allows for more rapid reporting.

l Colonial type (Kellogg et al., 1963).

The results of direct " undelayed " FAT can be
given even more rapidly, but, especially in specimens
from women, the sensitivity of this technique is less
than that of culture and of the direct " delayed"
FAT.

Selective media
It is beyond doubt that the use of a selective

medium facilitates the recognition and identification
of N. gonorrhoeae. Pure culturing and the isolation
of gonococci from highly contaminated specimens
are facilitated. However, the advantage of a selective
medium over a non-selective medium depends very
much on the skill of the technical personnel in-
volved.
One disadvantage of a selective medium is the

existence of gonococcal strains that are very sensitive
to the antibiotics used hitherto for the suppression of
Gram-positive contaminants. Fortunately, it would
appear that these sensitive strains are generally also
very sensitive to penicillin and to the other drugs
used in the treatment of gonorrhoea. Ideally, a
selective medium should be used in combination
with the FAT after growth on non-selective medium.
Other media and equipment for transport and storage
of specimens
The description of a complete, chemically defined,

protein-free liquid medium for the culture of fastidi-
dious Neisseriae and that of a commercially avail-
able, chemically defined supplement (Iso Vitalex)
are interesting new achievements. The new transport
kit with Stuart's medium also indicates obvious
progress.

In vitro sensitivity of N. gonorrhoeae
The general feature is that the sensitivity to

penicillin and other drugs used in the treatment of
gonorrhoea is decreasing. However, reports on
increasing sensitivity of gonococcal strains in
circulation have recently come from Denmark (with
Greenland), Norway and parts of Sweden.

Serological procedures
There is little in this field that is new, and further

development is required.

RtSUME
PROGRtS RECENTS EN MATILRE DE DIAGNOSTIC DE LABORATOIRE

DES INFECTIONS GONOCOCCIQUES

L'auteur passe en revue les travaux les plus importants
traitant de differents aspects du diagnostic de laboratoire
des infections gonococciques publies depuis 1964. Les

acquisitions les plus remarquables concernent l'emploi
des techniques des anticorps fluorescents et la mise au
point de milieux s6lectifs pour l'identification et l'isole-
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ment de Neisseria gonorrhoeae. D'autres recherches pre-
sentant un interet pour le diagnostic de laboratoire des
gonococcies sont brievement mentionnees.

L'auteur, s'appuyant principalement sur les resultats
de travaux effectues dans son laboratoire (Lind, 1963,
1964, 1967; travaux non publies), conclut que la valeur de
la reaction d'immunofluorescence, utilisee seule ou en
association avec d'autres techniques, doit etre appreci6e
en tenant compte d'un certain nombre de facteurs: a)
moyens disponibles pour I'acheminement des echantillons
(ou l'envoi des malades) au laboratoire; b) possibilitds
locales d'emploi d'une methode de culture offrant des
garanties suffisantes; c) nombre et origine (en fonction
du sexe des malades) des echantillons; d) possibilite de
se procurer 1'equipement indispensable a la pratique de
la reaction d'immunofluorescence; e) competence du per-
sonnel technique charge des examens.
La sensibilite et la specificite de la culture et de la reac-

tion d'immunofluorescence directe differee sont tres sem-
blables lorsque ces deux techniques sont utilisees dans des
conditions optimales, mais la reaction d'immunofluo-
rescence est d'execution plus rapide. On peut obtenir les
resultats des examens dans un delai plus court encore si
l'on recourt a la technique de l'immunofluorescence
directe non differee: cependant la sensibilit6 de ce dernier
procede est inferieure a celles de la culture et de la reac-
tion directe differee, surtout si les echantillons examines
ont W preleves chez des sujets de sexe feminin.

L'emploi d'un milieu de culture selectif facilite la decou-
verte et l'identification de N. gonorrhoeae, mais la supe-
riorite de ce genre de milieu sur les milieux non selectifs

depend essentiellement de l'experience du personnel tech-
nique qui l'utilise. Un des desavantages des milieux
selectifs resulte de 1'existence de souches de gonocoques
tres sensibles aux antibiotiques utilises jusqu'a present
pour e1iminer les germes contaminants Gram-positifs.
L'ideal serait d'employer a la fois un milieu selectif et
un milieu non selectif, le premier pour la culture et le
second pour la reaction d'immunofluorescence.
On a decrit un milieu liquide complet exempt de pro-

teines, defini chimiquement, convenant a la culture des
Neisseria a croissance lente ainsi qu'un complexe d'en-
richissement, chimiquement defini et commercialise sous
le nom de #Iso Vitalex #. Ces deux realisations recentes
sont interessantes. La mise au point d'un necessaire pour
le transport des prelevements sur milieu de Stuart repre-
sente un autre progres evident. Quant au domaine des
techniques serologiques, il n'a beneficie recemment que
de rares apports et il conviendrait d'intensifier les
recherches.

Bien que la mesure in vitro de la sensibilite de N. gonor-
rhoeae aux antibiotiques ne constitue pas reellement
un des elements du diagnostic de laboratoire des infec-
tions gonococciques, il semble justifie de mentionner
les resultats publies tout recemment a ce sujet. On
constate en general une diminution de la sensibilite de
N. gonorrhoeae a la penicilline et aux autres medica-
ments servant au traitement de la blennorragie. On a
cependant signale il y a peu une augmentation de la sen-
sibilite de souches de gonocoques au Danemark (y com-
pris le Groenland), en Norvege et dans certaines regions
de la Suede.
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