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Auxotypes and antibacterial resistance of gonococci
with differing susceptibilities to vancomycin
A CHARLES EXNER,* ELIZABETH NASH SHINNERS,* PAUL J PACE,tJ- AND
B WESLEY CATLIN*
From the *Department of Microbiology, Medical College of Wisconsin, and the tBureau of Laboratories,
Milwaukee Health Department, Milwaukee, Wisconsin, USA

SUMMARY The responses to vancomycin and 11 other antibacterial drugs and the nutritional
requirements of gonococci recovered from two selective media were determined. Single urogenital
specimens from 508 patients attending a social hygiene clinic in 1975 yielded 97 strains of Neisseria
gonorrhoeae; 95 were recovered on VCNT (a modification of Thayer-Martin medium), always
inoculated first, and 69 on LC medium containing lincomycin (4 l.g/ml) and colistin (5 Mg/ml).
The two drugs at these concentrations in LC medium were not inhibitory for isolates from either
medium. Unexpectedly, three isolates on VCNT were susceptible to vancomycin at the concentra-
tion (3 ,ug/ml) in VCNT medium; these three were typically sensitive to penicillins but were hyper-
susceptible to erythromycin (inhibited by (0 05 ,Ag/ml) and rifampin ((0-02 yg/ml). Resistance
to streptomycin (>500 jig/ml) (22% of the strains) was correlated with increased resistance to
penicillins, erythromycin, and rifampin in most instances. All streptomycin-resistant gonococci
required proline, or arginine, or none of the test compounds. Strains requiring arginine,
hypoxanthine, and uracil were uniformly sensitive to antibiotics but not hypersusceptible. In
contrast, six strains of N gonorrhoeae isolated in Denmark required arginine (not satisfied by
ornithine), hypoxanthine, and uracil and were hypersusceptible to vancomycin (inhibited by
0S5 M4g/ml), erythromycin, and rifampin. DNA-mediated transformation showed that all three
hypersusceptibilities of one Danish strain were introduced together into a wild-type gonococcus,
suggesting that a mutation of an env (envelope) locus might be responsible for the atypical
permeability.

Introduction

Neisseria gonorrhoeae is an evolving species.1 Strains
isolated in the 1970s from different patients showed
antigenic and nutritional differences and broad
ranges of susceptibilities to various antibacterial
drugs. Gonococci were uniquely susceptible to
penicillin during the pre-penicillin era. Before 1945
the difference between the concentrations of
penicillin required to inhibit the most susceptible and
the least susceptible strains was no more than
10-fold.2-4 A wider range of susceptibility occurred in
gonococci isolated in 1949.5 Resistance to penicillin
increased worldwide during the 1950s and 1960s and
necessitated progressively larger doses of penicillin
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for the treatment of gonorrhoea.6-" Penicillin
resistance was often correlated with increased
resistance to various other antibiotics. 10-14 While in
some areas the trend towards increased resistance
continued, in others the prevalence of gonococci
resistant to one or more drugs, such as penicillin,'4 15
streptomycin, 16 and tetracycline,' 7 notably
decreased.

Furthermore, some gonococci have shown unusual
degrees of susceptibility to various antibacterial
compounds'8 including vancomycin. 15 1927 On
vancomycin-containing selective media, such as that
of Thayer and Martin,28 gonococci which are highly
susceptible to vancomycin are inhibited. Neverthe-
less, the ability of marginally susceptible strains to
form colonies on the primary culture medium is
dependent on inoculum size'5 25-27 and on the
physiological state of the bacteria.24 When the
diagnosis is not established patients with asympto-
matic gonorrhoea may remain untreated, risking the
development of complications. Moreover, a Danish
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study'5 showed that continued transmission of
vancomycin-hypersusceptible gonococci led to an
increased percentage of such strains isolated in 1971
compared with 1969.
Gonococcal strains isolated in different com-

munities not only show differences in their drug
responses but also in their auxotypes. In Stockholm29
and in Des Moines and Seattle, USA,30 more than
half of the N gonorrhoeae isolates had growth
requirements for arginine (Arg), hypoxanthine
(Hyx), and uracil (Ura), and possibly other com-
pounds. Nevertheless, Arg-Hyx-Ura strains repre-
sented between only 6% and 25qo of the isolates in
nine other cities in the USA,3S32 in Hamilton,
Canada,33 and Strasbourg, France.34 Arg-Hyx-Ura
strains are remarkably susceptible to penicillin and
some other drugs.27 3033-35 This finding, together with
the correlation between high susceptibility to
penicillin and to vancomycin,'5 27 indicates that the
vancomycin susceptibility and nutritional require-
ments of gonococci should be monitored in various
communities.

In the present study 508 urogenital specimens,
obtained in sequence from clinic patients, were
cultured on two different selective media. All N
gonorrhoeae isolates were examined for their
nutritional requirements and levels of resistance to 12
antibacterial drugs with various mechanisms of
action. In addition, tests were performed on six
gonococcal strains found to be hypersusceptible to
vancomycin when isolated in Copenhagen.'5 We used
similar media and methods in this and the accom-
panying study4 of gonococci recovered from patients
in the pre-penicillin era. Accordingly, detailed com-
parisons of strains ofNgonorrhoeae isolated 30 to 40
y,ears apart were possible.

Patients and methods

SELECTIVE MEDIA
VCNT, a modification of Thayer-Martin medium,28
contained vancomycin (3 pg/ml), colistin (7 5
JAg/ml), nystatin (12 5 units/ml), and trimethoprim
(5 gg/ml); this medium was supplied by Gibco
Diagnostics, Madison, Wisconsin. LC medium con-
tained lincomycin hydrochloride (Upjohn Co) and
colistin (sodium colistimethate, Warner-Chilcott
Laboratories) added to GCMBS in concentrations of
4 lAg/ml and 5 lAg/ml respectively. GCMBS was
composed of .GC medium base (Difco) with the
White-Kellogg defined supplement.35

CULTURE TECHNIQUE
Cervical or urethral specimens were obtained in the
summer of 1975 from 508 patients attending the
Milwaukee Health Department Social Hygiene

Clinic. Each specimen, collected with a cotton swab,
was rolled in a "Z" pattern on the surfaces of plates
of VCNT medium (always inoculated first) and LC
medium. The media were cross-streaked with a
bacteriological loop and promptly incubated at 35°C
in an atmosphere of air plus CO2 generated by a
candle flame burning to extinction. After incubation
for up to 48 hours the sets of primary cultures were
processed independently, the VCNT cultures by
health department bacteriologists and the LC
cultures by two postgraduate students.

IDENTIFICATION OF GONOCOCCI
One or more isolates from 89 cervical specimens and
from eight urethral specimens were confirmed as N
gonorrhoeae by typical cellular and colonial
morphology, positive oxidase reaction, production
of acid from dextrose but not from maltose or
sucrose, inability to hydrolyse o-nitrophenyl-P-D-
galactopyranoside, and by a growth requirement for
cysteine (or cystine). These gonococci were preserved
at - 600C and designated by numbers and the prefix
SV(when isolated from VCNT medium) or SL (from
LC medium). The 97 SV and SL strains are the same
97 anogenital isolates given in the table in a previous
report36 for comparison with oropharyngeal isolates.

AUXOTYPI NG
The auxotypes of all SV and SL isolates were deter-
mined by their growth responses on standard
Neisseria defined agar (NEDA) medium, which
contained soluble starch 0 I%o (w/v). The methods
for preparing the media and the standardised gono-
coccal suspensions have been described.3537 All
media were inoculated with between 103 and 104
colony-forming units delivered by the S'teers replica-
plating apparatus and incubated at 360C in an
atmosphere of air plus 8% CO2.37 The pattern of
nutritional requirements, determined by the presence
or absence of appreciable macroscopic growth on the
set of NEDA media, defines the auxotype and is
given as an abbreviation of each required com-
pound.37 Gonococci classified in the Zero auxotype
do not require any of the compounds used for differ-
entiating auxotypes. The arginine requirement of two
strains was satisfied by arginine and citrulline but not
by ornithine; this characteristic is designated Arg°.

SUSCEPTIBILITY TO ANTIBACTERIAL DRUGS
The gonococcal responses to 12 antibacterial drugs
added to media in various concentrations were deter-
mined according to the methods described earlier.35
In addition to Ngonorrhoeae strain P-l T-1, we used
the WHO reference strains, N gonorrhoeae III, V,
and VII (supplied by A Reyn, Statens Seruminstitut,
Copenhagen). Eight drugs were those listed pre-
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viously35; the additional ones were lincomycin and
colistin (specified above), vancomycin hydrochloride
(Eli Lilly and Co), and nalidixic acid (generously
supplied by William A Goss, Sterling-Winthrop
Research Institute).
Assays of the benzylpenicillin resistance of all SV

and SL isolates were performed by the Division of
Laboratories of the Milwaukee Health Department
using the standard haemoglobin-containing medium
and the Steers multi-point inoculating apparatus.35
Nevertheless, the gonococcal responses are given as
degrees of resistance rather than as minimum
inhibitory concentrations (MIC)-that is, as the
highest concentration of penicillin or other drug that
permitted growth of part of the population (at least
five colonies); this was normally one concentration
step lower than the MIC. Resistance expresses a
definite characteristic of the population which relates
to the possibility for continued growth and response
to the selective effects of the drug.
GCMBS medium was used for determining the

benzylpenicillin resistance of the strains listed in table
III. The responses to the other 11 antibacterial drugs
were also examined in GCMBS, although the deter-
minations of resistance might be variously affected
by the presence of certain biosynthetic intermediates
(such as p-aminobenzoic acid), by the acid produced
from dextrose (0 407o), and by the starch (O 1 Wo)
which binds some compounds.

Hypersusceptibility to vancomycin was introduced
into a wild-type gonococcal strain by deoxyribo-
nucleate (DNA)-mediated transformation.38 DNA
was extracted from the vancomycin-hypersusceptible
strain SS158936/69, which had previously received a
spectinomycin resistance marker by transformation.
DNA treatment of the recipient gonococci38 yielded
vancomycin-hypersusceptible transformants which
were isolated indirectly by selecting for co-trans-
formants resistant to spectinomycin (25 Mg/ml). The
progeny of isolated transformants were screened for
altered drug responses and nutritional requirements.

TABLE I Auxotypes of 97 gonococcal isolates from 508
specimens from consecutive patients

No of No of
Auxotype* strains Auxotype* strains

Zero 23 Pro-Hyx 1
Pro 29 Arg-Hyx-Ura 12
Arg 19 Arg-Hyx-Ura-Thp 2
Pro-Arg 3 Arg'-Hyx-Ura 1
Hyx 2 Arg'-Hyx-Ura-Leu 1
Thp I Arg-Hyx-Ura-Leu 1
His 1 Arg-Hyx-Ura-Met 1

*Zero auxotype strains do not require any of the compounds used
for differentiating auxotypes. Other designations are given as
abbreviations of each compound required: Pro, proline; Arg,
arginine; Hyx, hypoxanthine; Thp, thiamine pyrophosphate; His,
histidine; Ura, uracil; Leu, leucine; and Met, methionine; Arg'
specifies a requirement for arginine that is not satisfied by ornithine.

Results

Strains of N gonorrhoeae, isolated on one or both
selective media, were recovered from 97 (19 107o) of
the urogenital specimens. Fourteen auxotypes were
represented (table I). Auxotypes Zero, Pro, and Arg
accounted for 73 - 2%o of the 97 isolates. Of the
remaining isolates, 18 * 6'7o were characterised by
requirements that included arginine, hypoxanthine,
and uracil. Similar percentages (76 9%o and 17- 5 7o,
respectively) were found in the study of 251 Ngonor-
rhoeae isolates from patients attending the same
clinic in 1972.3'

PRIMARY CULTURES ON VCNT AND LC MEDIA
The paired cultures from 508 single specimens
yielded N gonorrhoeae in 95 VCNT cultures but in
only 69 LC cultures. Two strains were recovered
from LC medium only. The two corresponding
VCNT cultures showed oxidase-positive colonies of
Gram-negative diplococci which, however, failed to
grow when subcultured. These two LC strains, repre-
sentatives of the Zero and Pro-Arg auxotypes, were
resistant to vancomycin at 15 and 25 M.g/ml respec-
tively.
VCNT cultures from 28 specimens yielded gono-

cocci which were not recovered from LC medium.
Four of these failures represented cultures overgrown
by yeasts. The remaining 24 could not be explained
by an unusual susceptibility to lincomycin, since the
corresponding VCNT isolates were resistant to
lincomycin at concentrations >10 Mg/ml. Eight
(33 o) of these 24 strains exhibited nutritional
requirements that included arginine, hypoxanthine,
and uracil. The recovery percentages may have been
affected by differences between the growth-
promoting characteristics of the haemoglobin-
containing basal medium used for VCNT and the
GCMBS medium used for LC cultures. Also, a
greater amount of contaminating growth has been
found on media in which lincomycin was substituted
for vancomycin23; contaminant colonies tend to
obscure the small colonies typical of Arg-Hyx-Ura
gonococci. Furthermore, specimens from some
women with asymptomatic gonorrhoea may have
contained too few gonococci to permit recovery from
the LC medium which, according to the protocol,
was always inoculated after the VCNT medium.
Auxotyping and susceptibility tests were per-

formed on the paired VCNT and LC isolates from 63
specimens. The gonococci from a given specimen
showed the same nutritional requirements. In most
instances the values representing the drug responses
of paired cultures were either identical or differed by
only one concentration step. Wider deviations were
found only for three drugs. Resistance to benzyl-
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TABLE ii Drug responses of 76 streptomycin-susceptible (S) and 21 streptomycin-resistant (R) gonococcal strains arranged
according to auxotype

No of strains according to auxotype:

Zero Pro Arg Pro-Arg Otherst
Resistance
(jg/ml) * S R S R S R S S Total

0 2 0 0 0
0 0 0 0 0
2 0 2 0 1
3 2 0 3 0
4 2 3 6 1
11 2 2 1 0

1 0 2 0 1
0 0 0 0 0

0 0 0 0 0 1 0
10 0 1 4 0 0 0
9 1 17 1 4 6 3
1 2 2 2 3 2 0
0 0 1 0 2 1 0
0 0 0 1 0 0 0

1 0 0 0 0 0 0
15 0 11 0 9 0 0
4 0 10 5 0 10 2
0 3 0 2 0 0 1
0 0 0 1 0 0 0

0 0 0 0 1
20 3 5 1 2
0 2 4 5 0
1 1 0 3 0
0 1 0 1 0
0 0 0 0 0
0 1 0 0 0

10 1 1 2 1
10 5 8 8 2

1 1 0 0 0
0 1 0 0 0
0 0 0 0 0

4 1 5 3 1
6 3 3 1 0
5 2 1 2 1
3 2 0 4 1
0 0 0 0 0
3 0 0 0 0
0 0 0 0 0

0
0
14
8
0

0
0

0
4
19
0
0
0

0
23
0
0
0

0
23
0
0
0
0
0

3
17
3
0
0

8
13

0
0
l

*Resistance expressed as the highest concentration of antibacterial drug permitting growth
tRemaining 10 auxotypes listed in table I
S = susceptible; R = resistant

penicillin was 0 05 and 0 - 2 U/ml for one pair of Arg
isolates and 0' 1 and 0 3 U/ml for a pair of Zero
auxotype isolates. Vancomycin resistance differed
for three pairs of Pro isolates, being 10 and
30 ,ug/ml, 20 and 30 ,ug/ml, and 20 and 40 4g/ml.
Sulphadiazine resistance was recorded as 2 and
10 Mg/ml for one pair and ,20 and 50 ig/ml for
another pair of isolates.
Although other studies have shown that a patient

may harbour two distinct strains of N gonor-
rhoeae,32 only one possible instance was evident

from the findings on the VCNT and LC cultures. An
endocervical specimen (S260) yielded two isolates,
both of which were characterised as Pro and resistant
to benzylpenicillin at 0' 1 U/ml. Nevertheless, these
isolates differed consistently in repeated tests of
resistance to streptomycin (5 and >500 Mg/ml),
chloramphenicol (1 0 and 0'2 Jg/ml), rifampin
(0'02 and 0' 1 g/ml), and vancomycin (25 and
10 ,Ag/ml). Only the resistances of the streptomycin-
susceptible strain are given in table II and figs 1 and
2.
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1 0
1 0
3 0
3 2
5 1
5 0
1 0
1 0

Vancomycin
1I0
3-0
5 0
10
15
20
25
30

Lincomycin
5
10
20
30
40
50

Tetracycline
0 05
0-1
0-2
0*5
1.0

Chloramphenicol
0.1
0-2
0 5
1.0
1*5
2-0
4 0

Nalidixic acid
0-2
0 4
0-6
0-8
1.0

Sulphadiazine
2
5
10
20
35
50
>100

3
1

22
21
22
22
5
1

19
60
12
4
1

58
31
6
1

3
68
1 1
9
4
1
1

2 0
14 0
0 0
4 0
0 2
0 1
0 0

10 0
9 1
1 0
0 1
0 1

2 2
5 0
4 0
4 0
1 0
3 0
1 1

28
60
6
2
1

19
26
28
15

1
6
2
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FIG I Correlation between benzylpenicillin resistance
and oxacillin resistance of 97 gonococcal strains
subdivided according to auxotype and streptomycin
response. Zero auxotype (0 0), Pro (AA), Arg (U
E), all other auxotypes (*, 26 strains); strains sensitive
to streptomycin (@ fl *) or resistant to streptomycin
(O A OI). (See "patients and methods" for differences
between assays of resistance to the two penicillins.)
AUXOTYPES AND DRUG RESPONSES OF SV AND
SL ISOLATES
The gonococcal responses to 11 of the 12 anti-
bacterial drugs are summarised (table II, figs 1 and 2)
for the two SL isolates not recovered on VCNT
medium and for the 95 SV isolates. These were
chosen for the sake of uniformity and because the
related pairs of isolates did not differ significantly in
most cases.

Vancomycin
Gonococci isolated from three specimens plated on
VCNT medium unexpectedly failed to grow when
assayed on GCMBS containing vancomycin at
3 j*g/ml, the concentration in VCNT medium. In
repeated tests strains SV6, SV12, and SV77 were
resistant to vancomycin at 1 * 0 pg/ml but susceptible
at 3 0 jAg/ml (tables II and III). SV75 also failed to
grow on vancomycin at 3 0 pg/ml in some tests, but
since in others it gave sparse growth SV/75 was given
as resistant to 3 0 ,ug/ml. The remaining 93 strains,
whether isolated on LC or on VCNT medium, were
resistant to vancomycin at concentrations >5 lAg/ml.

Lincomycin
The 71 members of the Zero, Pro, and Arg auxo-
types showed a 10-fold range of resistance to

*A

SA *is,
A-S *toi

A
A

I
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A
A

A
A *A A

0

0 01 0-02 0 05 01 02 0-5 10
Erythromycin (,ug/ml)

FIG 2 Correlation between rifampin resistance and
erythromycin resistance of 97 gonococcal strains
subdivided according to auxotype and streptomycin
response. Zero auxotype (0 Q), Pro (-A). Arg (-
7), all other auxotypes (*, 26 strains); strains sensitive
to streptomycin (0 AU *) or resistant to streptomycin
(QA LI).
lincomycin. The SV strains 6, 12, 75, and 77 were
among the more susceptible with resistance limited to
10 ,g/ml. The finding that all strains examined here
and in the accompanying study4 were resistant to at
least 5 ,4g lincomycin/ml suggests the potential value
of lincomycin as an alternative to vancomycin in
selective culture media. Other investigators" 23 have
found, however, that some isolates are susceptible to
lincomycin at (4 Hg/ml.

Colistin
GCMBS medium containing colistin at 25 Hg/ml
supported growth of all 97 strains, and 85 strains
were resistant to 75 Mg/ml, the highest concentration
tested (data not given).

Streptomycin
The gonococci isolated before 1945 were strepto-
mycin-susceptible34 and in 1957 only 2%o of Danish
strains were highly resistant.6 Nevertheless, many
studies of strains isolated after 1965 have shown that
200o or more -were highly resistant to streptomycin
and these often had increased resistance to penicillin
and some other antibiotics.'1'4 Since streptomycin is
not now the drug of choice for treatment of most
diseases in the United States, we were interested in
the prevalence and characteristics of resistant strains.
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TABLE III Characteristics of gonococci showing different levels of resistance to vancomycin

Highest concentration of drug permitting growth (4g/ml)

Laboratory No* Auxotype VAN PEN OXA RIF ER Y CHL STR TET SLD

SS35503/68 A°HUt 0-2 0.01 0-1 0.01 0-05 0-2 5 0-1 10
SS156182/69 A°HUt 0-2 0.01 0-05 0-01 0-02 0-2 2 0-1 5
SS158296/69 AOHUt 0'2 0-01 0-05 0-01 0-02 0-2 2 0-1 I

SS158936/69 A0HUt 0-2 0-01 0-1 0.01 0-02 0-2 2 0-1 2
SS127462/69 AOHUt 0-2 0-01 0'05 0-01 0-02 0-2 2 0-1 5
SS54841/71 A°HUt 0-2 0-01 0.1 0-01 0-02 0-2 5 0-1 10

SS218767/72 A°HUt 5-0 0-01 0'2 0-05 0-2 0'2 2 0-1 2
CHC746 A°HUt 10-0 0-01 0-1 0-05 0-1 0-2 5 0-1 20
SV503 A°HUt 5-0 0'01 0-1 0-05 0-1 0-2 5 0-1 10

SV6 Zero 1.0 0.05 0-05 0-005 0-01 0.1 5 0-05 20
SV75 Zero 3-0 0'01 0-01 0-01 0-02 0'2 2 0-1 50
SV12 Pro 1.0 0'01 Q O1 0 01 0-02 0-5 >500 0-2 10
SV77 Pro 1.0 0-05 0.1 0.01 0.01 0-5 >500 0-2 2

WHO III Zero 10'0 0-05 0-1 0-005 0-02 0-2 5 0-05 20

SS41835/43 Zero 3 0 0'01 0-2 0-05 0-1 0-2 5 0-05 0-5
SS41835 transformant 0-2 0-01 0-1 0-01 0-02 0-2 NT 0-05 NT

NT= not tested; VAN = vancomycin, PEN = penicillin, OXA = oxacillin, RIF= rifampin, ERY = erythromycin, CHL = chloramphenicol,
STR= streptomycin, TET = tetracycline, SLD = sulphadiazine
*SS strains were isolated in Denmark in the year indicated by the last two digits15; CHC746 was isolated in 1974 from a culture of blood from
a patient in Chicago; SVstrains selected from table II; WHO III is a penicillin assay reference strain isolated in 1955; SS41835 transformant
was derived by treatment of strain SS41835/43 with DNA from SS158936/69
tArg'-Hyx-Ura = requirements for arginine (not satisfied by ornithine), hypoxanthine, and uracil

Twenty-two strains were resistant to streptomycin
at a concentration >500 MAg/ml (Str-r). As already
mentioned, however, the results include the suscept-
ible isolate from specimen S260 but not the Str-r
isolate. The 76 strains referred to collectively as

streptomycin-susceptible (Str-s) in table II and else-
where had resistances ranging from 2,g/ml (four
strains) to 15 Jg/ml (one strain); 37 strains were
resistant to 5 jig/ml and 34 to g/ml. The 18
strains with requirements that included arginine,
hypoxanthine, and uracil were Str-s. In contrast,
there were 10 Str-r strains among the 19 strains which
required arginine but not uracil.

Benzylpenicillin and oxacillin
The gonococci were more susceptible to benzyl-
penicillin than to oxacillin, as others have found.'0 12
The range of resistance to benzylpenicillin of all Arg-
Hyx-Ura strains was from 0 0025 to 0'01 U/ml
(0' 0015 to 0' 006 Mg/ml), whereas their resistance to
oxacillin ranged from 0 1 to 0 5 Mg/ml (fig 1). These
strains and eight others not in the Zero, Pro, or Arg
auxotypes are indicated by stars in figs 1 and 2. Three
with requirements that included hypoxanthine, but
not uracil, were resistant to benzylpenicillin at
concentrations of 0'01 U/ml (Hyx, two strains) and
0'0025 U/ml (Pro-Hyx) and to oxacillin at 0 2, 0' 1,

and 0'05 j.g/ml. Representatives of Thp, Pro-Arg,
and His auxotypes showed greater resistances.
The Zero, Pro, and Arg strains showed a wide

range of resistance to the two penicillins. Most of the
Str-r strains (fig 1) had increased resistance to both
penicillins but two Str-r Pro strains (SVl2 and SV77)
had only low resistance. Gonococci that were Str-r
and unusually susceptible to oxacillin were described
earlier.'2 Of the 19 Arg strains, 17 were resistant to
oxacillin at concentrations >1 - 0 Mg/ml and two
(both Str-s, fig 1) were much less resistant (.0' 1
Mg/ml).
The penicillin resistance of some strains was

examined on GCMBS medium and on the starch-
free, haemoglobin-containing medium. The benzyl-
penicillin resistance of strains SV503, SV75, and
SV12 on GCMBS (table III) was 0'01 U/ml com-
pared with 0' 005 U/ml for the same strains tested on
the starch-free medium (fig 1). Similarly, the resist-
ance of strains SV6 and SV77 was 0'05 U/ml on
GCMBS and 0-01 U/ml on the starch-free medium.

Rifampin and erythromycin
A positive correlation was found between the
activities of rifampin and erythromycin (fig 2) and
some other drugs.'3 Thus, the SV strains 6, 75, 12,
and 77 were highly susceptible to rifampin and
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erythromycin (fig 2, table III) and more susceptible
to the penicillins than most Zero or Pro strains.
Correlated high resistances characterised many Str-r
strains6 12 14; strains SV407 (Zero) and SV300 (Pro)
had the highest resistances to erythromycin
(1 0 Mg/ml) and their resistances to other drugs were:
rifampin, 0-2 and 0-05 pg/ml; benzylpenicillin, 0 5
and 0 7 U/ml; oxacillin, 5 and 10 gg/ml; tetra-
cycline, 0 5 and 1 0 Mg/ml; chloramphenicol, 2 0
and 4 0 .g/ml; and nalidixic acid, 1 0 and
0 8 4g/ml respectively.
Of the 19 Arg strains 17 were resistant to erythro-

mycin at a concentration of >0-2 *g/ml whereas 27
of the 29 Pro strains were resistant at <0 - 2 ,ug/ml (fig
2). A uniformity of response to erythromycin (resist-
ance, 0 1 or 0-2 ig/ml) and to rifampin (resistance,
0 05 or 0 1 Mg/ml) characterised the Arg-Hyx-Ura
strains and all but one strain (Thp auxotype) of the
others represented in fig 2 by stars. These strains
("others" in table II) were remarkable also for their
homogeneous responses to tetracycline and chlor-
amphenicol.

Sulphadiazine
Representatives of the Zero and Pro auxotypes were
the most resistant to sulphadiazine. No correlation
was apparent between the responses to streptomycin
and sulphadiazine. For example, the Str-r strains
SV407 and SV300 had sulphadiazine resistances of 5
and 10 *g/ml respectively. Increased resistance to
sulphadiazine was related to a requirement for
methionine in gonococcal isolates in the sulphon-
amide era.4 In the present study, however, the one
methionine-requiring strain was resistant only to 5 jAg
sulphadiazine/ml.

CHARACTERISTICS OF VANCOMYCIN-SUSCEPT-
IBLE GONOCOCCI
A group of 125 strains of Ngonorrhoeae inhibited by
vancomycin at a concentration of 2 *g/ml and
susceptible to low concentrations of penicillin, strep-
tomycin, and tetracycline were isolated from Danish
patients.'5 Six of these strains, which were isolated
over three years, were kindly provided by Alice Reyn.
All six consistently failed to grow on GCMBS
medium containing vancomycin at 0 5 Jg/ml but
were resistant to 0-2 Jg/ml (table III). They all had
the same pattern of requirements for arginine (not
satisfied by ornithine), hypoxanthine, and uracil and
hypersusceptibility to erythromycin and rifampin.
The resistance of three other Arg°-Hyx-Ura strains
and a Zero auxotype strain, SS41835/43, are
included in table III for comparison. SS41835/43
presumably bears antibiotic response loci repre-
sentative of "wild type" since it was isolated in 1943
during the pre-penicillin era.4

Sparling and his colleagues'8 39 identified
pleiotropic chromosomal mutations (of envA and
envB) that result in non-specific increased sensitivity
to hydrophilic antibiotics, such as erythromycin
(MIC <0 12 Jg/ml), rifampin, and fusidic acid, and
to dyes and detergents. The env mutations also
produced complete phenotypic suppression of mtr
(multiple resistance) and penB (two loci encoding
low-level resistances to multiple drugs) as well as
decreased cross-linking of peptidoglycan in the cell
wall. These genetic studies'8 39 40 did not, however,
examine the possible influence of env mutations on
vancomycin susceptibility. The responses of the
WHO reference strain III (table III) show that hyper-
susceptibility to erythromycin and rifampin may be
associated with a typical level of resistance to
vancomycin.
To determine whether the mutant gene locus

responsible for vancomycin hypersusceptibility also
affected the responses to erythromycin and rifampin,
we treated populations of the wild-type strain
SS41835/43 with transforming DNA from the
vancomycin-hypersusceptible strain SS158936/69.
Four transformants derived in separate experiments
were converted to vancomycin-hypersusceptibility
and concurrently each became more susceptible to
erythromycin and rifampin. Table III shows the
characteristics of one transformant which, like the
other three, was unchanged with respect to
nutritional requirements and responses to benzyl-
penicillin, chloramphenicol, and tetracycline.
Further genetic studies are needed to determine
whether the mutant locus introduced into the trans-
formant corresponds to envA or envB and also
whether env mutations are responsible for the
marginal vancomycin susceptibility of the SV strains
6, 12, and 77.

Discussion

N gonorrhoeae has been subjected to the selective
effects of penicillins since the mid-1940s. Before then
gonococci had developed certain nutritional require-
ments, but none of the pre-penicillin era isolates
required uracil.4 In contrast, many contemporary
strains require uracil as a result of genetic defects of
up to three pyrimiQline biosynthetic enzymes
(carbamyl phosphate synthetase, aspartate trans-
carbamylase, and orotate phosphoribosyltransferase)
(Shinners and Catlin, unpublished data). Gonococci
bearing these mutations also require arginine and,
frequently, hypoxanthine. Although, inexplicably,
the Arg-Hyx-Ura strains remain antibiotic-suscept-
ible, many representatives of the Zero, Pro, and Arg
auxotypes developed drug resistances (figs 1, 2, and
table II).30 32 35 41
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The variety of phenotypes is a reflection of the
genetic versatility of N gonorrhoeae. Some
chromosomal gene mutations alter ribosomal target
sites resulting in high-level resistance to streptomycin
or spectinomycin. The mutations of other genes
produce only small effects individually but interact
co-operatively to enhance resistances to penicillin,
tetracycline, erythromycin, chloramphenicol, and
some other drugs.' 3942 In the 1970s the progressive
increase in such resistances appeared to level out or,
in some regions, to reverse.8 14-17 41 Thus, over several
years the Greenland treatment regimen (5 megaunits
benzylpenicillin intramuscularly preceded by oral
probenecid) resulted in a pronounced increase in the
proportion of penicillin-susceptible gonococci
compared with moderately resistant strains.43 4
Familiar explanations for this include possible differ-
ences in infectivity and the importation of susceptible
strains from other communities. It is important,
however, to recognise that the penicillin-susceptible
gonococci isolated at present may differ genetically
from the susceptible strains of the past.

Recently, Arg-Hyx-Ura strains have been respons-
ible for many cases of asymptomatic gonorrhoea in
men.45 Requirements for compounds, such as
hypoxanthine and uracil, that may be present in
inadequate concentrations in healthy mucous
membranes would limit gonococcal multiplication
and so lessen the development of the purulent
discharge seen in gonorrhoea caused by nutritionally
independent strains. Anomalous findings of slightly
higher penicillin failure rates in patients infected with
highly susceptible gonococci compared with patients
with strains of intermediate susceptibilities have been
reported.'7 The persistence of such genetically
susceptible gonococci in penicillin-treated patients
may represent phenotypic resistance in cells whose
growth is limited by unsatisfied nutritional require-
ments. Because penicillins act by inhibiting the cross-
linking of peptidoglycan of the cell wall, non-
multiplying gonococci will survive.' 41 These two
examples of the theoretical consequences of growth
limitation may partially explain the increased pre-
valence of Arg-Hyx-Ura strains and, accordingly, the
increased proportion of strains susceptible to strepto-
mycin and other antibiotics.

This explanation for the decline of resistant strains
is not applicable in all communities, however. In
Milwaukee, 44 of 251 (17 5%Wo) isolates of N gonor-
rhoeae examined in a previous study3' required
arginine, hypoxanthine, and uracil; of 169 strains
(selected at random), 74 (44%o) were resistant to
streptomycin (Carifo and Catlin, unpublished data).
In contrast, in this study of gonococci isolated three
years later from patients attending the same clinic the
percentage of streptomycin-resistant isolates had

decreased to 22% although the proportion of Arg-
Hyx-Ura strains remained constant (18 - 6%).
The potential effects of env mutations on the

resistance of present-day isolates must be recognised.
Mutations of env loci both increase the cellular
permeability, and hence the susceptibility to various
unrelated drugs, and also suppress the activities of
mutant genes responsible for multiple low-level
resistances.3940 A study in North Carolina showed
that approximately 15% of N gonorrhoeae isolates
possessed env mutations that cause hypersuscepti-
bility to several compounds including erythromycin. 18
The WHO reference strain III, which was isolated in
1955,46 and the SV strains 6, 75, 12, and 77 had
resistances to erythromycin and rifampin of <0.02
and <001Olg/ml respectively (table III). These
responses represent hypersusceptibilities, in as much
as the concentrations are lower than those found for
any of the pre-penicillin N gonorrhoeae isolates.4
Strains SV 6, 12, and 77, but not WHO III, are
marginally hypersusceptible to vancomycin as well.
The six Arg°-Hyx-Ura Danish isolates'5 are hyper-
susceptible to erythromycin, rifampin, and
vancomycin. The ability of transforming DNA from
one of these Arg°-Hyx-Ura strains to introduce all
three hypersusceptibilities into wild-type recipient
populations of SS41835/43 (table III) suggests that
the correlated hypersusceptibilities might be due to
one mutation of an env locus.
We examined gonococcal responses to the two

penicillins because of the possibility that an envelope
alteration in a strain typically susceptible to benzyl-
penicillin might be detected by an unusual suscepti-
bility to the bulky oxacillin molecule. SV75 and
SV12 were notable for their relatively similar
susceptibilities to benzylpenicillin (0 01 U/ml,
equivalent to 0 006 Ag/ml) and to oxacillin
(001 jAg/ml). In contrast, the six Arg°-Hyx-Ura
strains with correlated hypersusceptibilities displayed
substantially greater resistance to oxacillin than to
benzylpenicillin. The variety of hypersusceptibility
patterns given here suggests that increased suscepti-
bilities as well as increased resistances to multiple
drugs are consequences of the co-operative actions of
multiple mutant gene loci.
The SV strains 6, 12, and 77 were recovered from

VCNT medium although subsequent tests found that
these three, together with two corresponding isolates
from LC medium (SL 12 and SL 77), were repeatedly
inhibited by vancomycin incorporated in GCMBS
medium at a concentration of 3 ,g/ml. This
unexpected finding, also reported by others,26 might
be explained by differences between the basal media
or the inoculum size. Nevertheless, we also considered
that the activity of the vancomycin may have
declined during refrigeration of the VCNT plates
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before their use in the clinic. Unfortunately, the
expiration dates were not recorded because we did
not foresee the possibility that gonococci having
marginal resistance might form colonies on medium
containing vancomycin with a reduced potency when
used late in its shelf-life (established by the
manufacturer as eight weeks).
Much attention has been devoted to problems con-

cerning increased resistance to antibiotics, and
numerous reports have documented increased
susceptibilities. 19-27 The observation that the
percentage of vancomycin-hypersusceptible isolates
increased over a two-year period in Denmark'5
necessitates continuing studies of hypersusceptible
gonococci in other countries. If two primary culture
media containing antibacterial agents are to be used,
one medium should incorporate drugs which differ
from vancomycin in their modes of action.

This investigation was supported in part by Public
Health Service research grant 2 ROI A102353 from
the National Institute of Allergy and Infectious
Diseases and by the Communicable Disease Control
and Vaccination Assistance Act-317, Program to
Control Venereal Disease.
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