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Possible Effects of Antibiotic Treatment on the
Sensitivity and Growth Requirements of

Neisseria gonorrhoeae*
ALICE REYN, M.D.1 & M. W. BENTZON 2

The decreased sensitivity to penicillin of Neisseria gonorrhoeae has been a cause of
concern during recent years. About 25% of strains sent in for routine diagnosis to the
Statens Seruminstitut in 1957 were found to require roughly 20 times as much penicillin
to inhibit development completely as was requiredfor strains isolated in 1944. The stability
of this reduced sensitivity to penicillin was studied in 20 strains which were subcultured
daily on medium without penicillin. A comparison was also made between the sensitivity
levels to penicillin and streptomycin for 1957 and 1958. A phenomenon possibly resulting
*from penicillin therapy of gonorrhoea was noted by the authors in June 1957, when they
recorded the appearance ofatypical strains having special growth requirements, low viability
and weak or absent glucose-fermentation. The incidence, serology and sensitivity to anti-
biotics of these atypical strains were examined further research on their different behaviour
in response to changes in medium, as compared with that of typical strains, may give rise to
some interesting findings.

In 1958 Reyn, Korner & Bentzon reviewed the
literature on the effects of antibiotic treatment
(penicillin, streptomycin and tetracycline) of go-
norrhoea and reported their own observations.
Three sets of strains of Neisseria gonorrhoeae were
examined: 90 strains isolated in 1944; 103 strains
isolated in 1957 and picked out at random from
the routine diagnostic cultures; 103 strains also
isolated in 1957 and where drug-sensitivity de-
termination had been requested.

In agreement with other authors (Brit. med. J.,
1955b; Cradock-Watson et al., 1958; Dunlop,
1949), inter alia a decreased sensitivity to penicillin
in vitro as compared to that observed at the be-
ginning of the penicillin era was found. About
25% of the strains sent in for diagnostic purposes
in 1957 needed more than 0.225 ,ug per ml penicillin
for complete inhibition in vitro. This was about
20 times more than was needed for most strains

* Paper submitted to WHO Expert Committee on
Venereal Infections and Treponematoses, August 1959.

1 Gonococcus Department, Statens Seruminstitut, Copen-
hagen, Denmark.

' Actuary, Statistical Department, Statens Seruminstitut,
Copenhagen, Denmark.

originally. The incidence of strains with decreased
penicillin sensitivity was significantly higher among
strains from patients refractory to penicillin treat-
ment.

Strains absolutely resistant to streptomycin were
observed in patients previously treated with strepto-
mycin, but no cases of decreased sensitivity to
tetracycline were found.
The sensitivity of the strains was compared for

two of the drugs at a time. The 50% inhibitory
concentrations of penicillin and streptomycin were
found to be negatively correlated for the 1944
strains but positively correlated for the 1957 strains,
both correlations being statistically significant. The
tetracycline and streptomycin values showed a
similar shift from negative to positive correlation,
but the correlation was not significant for the 1944
strains and was on the borderline for the 1957
strains. A correlation was also found between
penicillin and tetracycline, and for both the 1944
and 1957 strains the correlations were positive.

It seemed most natural to ascribe the change in
the type of correlation between penicillin and
streptomycin values to the extensive use of peni-
cillin resulting in a selective (and perhaps also indu-
cive) action, as well as to the fact that a certain
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number of the "penicillin-resistant" cases were

treated with streptomycin.
The reason for the increased resistance to more

than one drug found in some of the strains was
also discussed in that article. It seemed most likely
that this was due to clones within the single strains
with differing degrees of sensitivity. Presumably,
the observed correlation has different causes from
one strain to the other, though the use of two drugs
will tend to select clones resistant to both. The
question may be answered by means of experiments
using the replica technique of Lederberg & Leder-
berg (1952) to select resistant clones from strains
which have never been exposed to either of the two
drugs, followed by crosswise resistance d,termination.
A study along these lines is in preparation.
The change, which is less marked, from negative

to positive correlation for streptomycin and tetra-
cycline may be due to a selection by streptomycin
and/or possibly penicillin. No change was observed
with penicillin, and this agrees with the fact that
the two substances had already shown positively
correlated values in the 1944 series.
However, many uncontrollable selective and

inducing factors play a part in sensitivity determina-
tion. Changes in sensitivity may be accompanied
by changes in growth requirements (Welsch, 1955),
and such changes may influence the quantitative
results obtained in the tests. Both the 1944 and the
1957 strains were conserved in lyophilized cultures,
and selection may have taken place by this means,
though it seems unlikely that this would influence
the interrelationship between the drugs.

Antibiotic treatment may lead to selection not
only directly by preferentially favouring the more
resistant clones, but also indirectly by killing the
most easily available organisms. Organisms pro-
tected either by phagocytosis or by inflammatory
tissue may be spared. Suggestive factors in this con-

nexion are the prolonged incubation period for gono-
rrhoea in males recently reported by several authors
and the less pronounced symptoms as compared
with classical gonorrhoeal urethritis (Bittiner &
Home, 1955; Brit. med. J., 1955a; Lodin, 1955;
N0rgaard, 1955). The protection against penicillin
of gonococci phagocytized in tissue culture also
supports the above assumption (Thayer et al.,
1957a, b, c). In the authors' laboratory a striking
change was observed in the type of growth; a high
proportion of the strains isolated routinely grew
very poorly and either failed to ferment glucose or

showed only a weak fermentation. It is suggested

that the appearance of these atypical strains was a

result of penicillin therapy in spite of their tendency
to increased penicillin sensitivity as compaiid with
other 1957 strains. The atypical strains may have
been evoked by penicillin because the action of
this compound is closely connected with the division
process (Lederberg, 1950; 1957).

In the present article the following subjects are

briefly dealt with: the stability of reduced sensitivity
to penicillin; the penicillin and streptomycin sensi-
tivity levels for 1957 and 1958; the incidence,
characteristics, serology, growth requirements and
sensitivity of the atypical strains.

MATERIAL AND METHODS

The diagnostic criteria and the sensitivity deter-
mination methods used were as described in the
preceding article (Reyn et al., 1958). For streptomy-
cin and tetracycline the differentiation between
" sensitive " and " less sensitive " is arbitrary.

Sensitivity evaluation

(1) Tablet method'

Penicillin
Penicillin
Penicillin
Streptomycin and

tetracycline
Streptomycin and

tetracycline
Streptomycin and

tetracycline

(2) Dilution method

Penicillin: 50% inhibi-
tory cencentration

Penicillin: 50% inhibi-
tory concentration

50% in-
Streptomycin hibitory
Tetracycline concen-

tration
50% in-

Streptomycin hibition
Tetracycline concen-

tration

s 35 mm zone: sensitive
< 34 mm zone: less sensitive
no zone: resistant

E 36 mm zone: sensitive

< 35 mm zone: less sensitive

no zone: resistant

< 0.035 Lg/ml: sensitive

- 0.036 pg/ml: less sensitive

< 3.7 and< 0.6 &g/ml: sensi-
tive

> 3.7 and > 0.6 itg/ml: less
sensitive

1 The tablets were prepared by Roskilde Medical Com-
pany, Denmark, and the following doses were employed:
15,g crystalline penicillin G (25 units), 3 mg streptomycin.
and 1 mg tetracycline.
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Routine media
A broth agar base is prepared with 1 % peptone

(selected batch), 0.3% NaCl and 0.2% Na2HPO4,
12 H20. The exact percentage of the agar depends
upon which agar is used, and is higher in the fer-
mentation medium than in the " chocolate " medium.

Fermentation medium
A selected batch ofJapan agar Kobe 1 is employed.

The base is dispensed in 600-ml amounts and mixed
with 300 ml ascitic fluid, 36 ml phenol red 1: 500,
9 g sugar (glucose, maltose or levulose), and 10 ml
1% co-carboxylase. The pH is adjusted at 7.4 but
it changes to about 7.8 in a day or two. The medium
is poured into Petri dishes in a 1-cm to 1.5-cm layer.

"Chocolate " medium
The base is dispensed in 540-ml amounts and

mixed with 60 ml defibrinated horse blood; the
mixture is heated at 80°C for 15 minutes, cooled to
56°C, and mixed with 300 ml sterile ascitic fluid.

Complement-fixation technique
The technique is that originally described by

Kristensen (1930) and by Reyn (1947, 1949).

EXPERIMENTS

Sensitivity problems
(1) Stability of thze penicillin sensitivity level
Twenty strains from the routine with reduced

sensitivity to penicillin (measured by the tablet
method; zone diameters < 34 mm) were subcultured
daily for 30-90 days on " chocolate " medium
without penicillin; about 107 viable organisms
were spread daily on fresh plates. The sensitivity of
these subcultured strains was compared with that of
the same strains maintained in lyophilized cultures

and reconstituted in the same medium one or two
days before the experiment. The strains were tested
to penicillin, streptomycin and tetracycline, using
the tablet method, and to penicillin using the dilution
method.
With the tablet method a tendency to increased

zone-diameters for the strains which had been
subcultured was found; the diameters of the sub-
cultured strains were, on the average, about 2 mm
greater than those of the lyophilized strains. How-
ever, this applied to all three antibiotics and the
differences between the zones were associated with
the strain, in particular indicating that changed
growth requirements might be the cause and not
differences in sensitivity. The range of the differences
in the diameters was from -3.7 to +7.0 mm; 17 of
the differences were positive (9 significantly) and
3 were negative (2 significantly). With the dilution
method no significant differences were observed
between the penicillin sensitivity of the two sets of
strains.

In addition, it was found that in spite of frequent
subculture the control strain with reduced penicillin
sensitivity had kept its penicillin level for more than
two years when measured by both methods.

(2) Comparison of the penicillin and streptomycin
sensitivity levels for 1957 and 1958

(a) Penicillin. The number of routine strains
with a request of sensitivity determination to
penicillin was 210 in 1957 and 250 in 1958; they
were all tested with the tablet method.
Table 1 shows that about 39% of both the 1957

and the 1958 strains showed a reduced sensitivity:
zone diameters < 34 mm; the range of the zone

diameters was also the same in the two years:
24 mm-50 mm. In 1958 the number of strains
in the group with zones 2 44 mm was significantly

TABLE 1
PENICILLIN AND STREPTOMYCIN SENSITIVITY MEASURED ROUTINELY BY THE TABLET METHOD

Zone diameters (mm) 25 to 34 35 to 43 44 to 50 Total

1957 strains 82 (39%) 81 (38.6%) 47 (22.4%) 210 (100%)
Penicillin

1958 strains 98 (39.2%) 120 (48%) 52 (12.8%) 250 (100%)

Zone diameters (mm) 30 to 35 36 to 50 Total

1957 strains 26 (65.4%) 19 (34.6 %) 45 (100%)
Streptomycin

1958 strains 146 (58.2%) 104 (41.8%) 250 (100%)
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lower than in 1957: from 12.8% to 22.4%. The
difference is 9.6% with a standard error of 3.5%.
(b) Streptomycin. In 1957 only 45 routine strains
were received with a request for determination
of their sensitivity to streptomycin. In addition,
some other 1957 strains were tested to strepto-
mycin, and this accounts for the higher number of
strains described in the previous article (Reyn et
al., 1958); in 1958 all the 250 strains sent in for
penicillin-sensitivity determination were also tested
to streptomycin. The range of the zone diameters
obtained was from 30 mm to 47 mm in 1957 and
from 30 mm to 45 mm in 1958 (see Table 1).

The distribution of strains with zones from
25 mm to 35 mm and from 36 mm to 45 mm was
about the same in the two years. None of the
1957 strains and only two of the 1958 strains
were completely resistant to streptomycin; they
came from the same patient.

(3) Comparison between penicillin and strepto-
nmycin

Thirty-six of the 45 strains from 1957 and all the
250 strains from 1958 were tested to both penicillin
and streptomycin.

Table 2 shows that the penicillin and strepto-
mycin values were positively correlated both in
1957 and in 1958; the correlation was significant.
On plotting the zone diameters for the two anti-
biotics against each other it was seen that this
correlation was most pronounced for the strains
with largest zone diameters; this applied to both
the 1957 and the 1958 strains.

At vpical strains

(1) Incidence and characteristics
A sudden increase in the incidence of gonococcus-

like strains which did not ferment glucose was
observed about 1 June 1957. These strains could
not be classified as N. catarrhalis, the only non-
pigmented species in the Neisseria group which
does not ferment glucose; they did not grow on
plain agar at 22°C, and only about 20% of them
grew on plain agar at 37°C. The morphology and
other cultural characteristics were like those of N.
gonorrhoeae; maltose and levulose were not fer-
mented. Before that time only about 1-2% of the
satisfactorily growing gonococcus strains isolated
in routine tests were unable to ferment glucose and,
only rarely, non-fermenting strains were isolated
with a very poor growth on the routine medium as

TABLE 2
COMPARISON BETWEEN THE PENICILLIN AND

STREPTOMYCIN SENSITIVITY OF STRAINS ISOLATED
IN 1957 AND 1958: TABLET METHOD

Streptomycin: Penicillin: 1957
1957

Total
Zone 24 to 34 35 to 50

diameters (mm)

30 to 35 13 (76.5%) 6 (31.5%) 19

36 to 50 4 (33.5%) 13 (68.5%) 17

17 (100%) 19 (100%) 36

Streptomycin: Penicillin: 1958
1958

Total

diameters (mm) 24 to 34 35 to 50

30 to 35 86 (90.5%) 60 (38.7%) 146

36 to 50 9 (9.5%) 95 (61.3%) 104

- 95 (100%) 166 (100%) 250

well as the fermentation medium. The occurrence
of " atypical " strains with " delicate " growth has
previously been described by Morton & Shoemaker
(1945) and by Reyn (1948) who found that the
majority of the atypical strains showed typical
fermentation on repeated subculture.
The atypical non-fermenting strains now observed

grew very poorly on the routine media for isolation
and fermentation. After 48 hours' growth the
colony diameters were about 0.25 mm to 0.5 mm
only. By viability-counting of diluted standardized
cultures it was found that the viability of the atypical
strains was from 5 to 20 times less than that of the
normal strains; this difference persisted on the
improved medium.
At first it was hoped that repeated subculture

would result in " back mutation" so that the fer-
mentation would be normal, but this was not the
case. It became necessary to solve the problem
otherwise by improving the miedia and by supporting
the bacteriological diagnosis by means of serological
testing.
About 80 000 specimens are received per year

in the Gonococcus Department and about 9% of
these are positive; 6% are from women and 3%
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from men. In half the female cases both the urethra
and cervix specimens are positive. The weekly
number of patients with positive culture is about 100.

Fig. 1 shows the weekly percentage distribution
of patients with (1) non-fermenting and (2) slightly
fermenting and non-fermenting strains. Only the
non-fermenting strains were registered from the
onset of the appearance of atypical strains but from
7 July 1957 both the slightly fermenting and the
non-fermenting strains were registered. No constant
difference is found between the two curves; however,
when the incidence of non-fermenting strains is
high there is also a high incidence of slightly-
fermenting strains, and vice versa.
The peak of non-fermenting strains in June 1957

is somewhat artificial; to obtain typical fermentation
in new specimens two or three subsequent cultures
were often received per patient. For the later period,
when the practitioners knew that the non-fermenting
strains were to be considered as " true" gonococci,
Fig. 1 reflects the actual incidence of the atypical
strains. The figure shows that three small epidemics
occurred during the summer and autumn of 1957;
in January 1958 the incidence rose considerably (to
about 40 %) and this level was maintained until
May 1958, when we finally succeeded in improving
our media (see page 338). As already mentioned, the
atypical strains were found repeatedly in the same
patients and in their contacts; no relation to sex was
observed. No efforts were made to follow the case
epidemiologically; however, cases appeared all over
the country at once.

(2) Serology
To support the diagnosis " N. gonorrhoeae" of

the atypical strains, about 50 strains were tested in
complement-fixation experiments. The antigens
were made as heated saline suspensions, as described
by Reyn (1947, 1949). The gonococcus material
was difficult to harvest from the plates and also
difficult to suspend because of its scantiness and
mucoid consistence. Most of the strains gave anti-
complementary antigens; yet, it was possible to
distinguish between positive and negative reactions
in human sera because the anti-complementary
effect was counteracted by heated serum. The
experiments were made with pools of positive and
negative human sera derived from the routine
laboratory for serological diagnosis of gonorrhoea.
Some typical results are given in Table 3.

Thus, it was highly probable that the atypical
strains could be considered as " true " gonococci,
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TABLE 3
SEROLOGICAL TESTING OF THREE ATYPICAL STRAINS

Positive serum pool Negative serum pool
Atypical tube no. tube no. Antigen
strain no. con-

I 2 3 [ 4 5 1 2 3 4 trols

4867 a 0** 0 40 80 80 100 100 100 90 90 50

b 0 0 10 0 0 100 80 60 0 0 0

3209 a 0 0 0 0 0 100 60 10 0 0 0

b 0 0 0 0 0 80 0 0 0 0 0

5179 a 0 0 70 60 20 100 100 100 50 50 0

b 0 0 0 0 0 100 50 10 0 0 0

Gono-reaction* 0 0 100 100 100 100 100 100 100 100 100

Serum controls 100 100

a = about 30 million organisms per reaction tube.
b = about 60 million organisms per reaction tube.
* = routine complement-fixation with polyvalent gonococcus antigen.

** = percentage of haemolysis.

and thus far the clinical aspect of the diagnosis was
supported. However, the growth was poor and the
readings of the fermentation reactions were very
difficult. Other drawbacks were that the small
colonies of the atypical strains were easy to over-
look, and that overgrowth of contaminants played
a relatively greater role than usually.

(3) Media improvement
Our first suggestion was that our media had

altered in character, but this was not the case as
strains isolated in 1944 (maintained in lyophilized
cultures) grew abundantly and showed a distinct
fermentation of glucose. This was to be expected
from the fact that the majority of the gonococcus
strains isolated in June 1957 showed both normal
growth and normal fermentation.

Several attempts were made to improve the
medium. These laborious and frustrating experi-
ments are not reported in detail; it suffices to tell
that in April 1958 a successful medium was accident-
ally obtained. Ox-heart meat is cheaper than ox-
meat and therefore we were asked by the Media
Department to use ox-heart broth instead of ox-
(or veal) meat broth in the routine plates for primary
isolation. The use of ox-heart broth resulted in a
considerable increase in colony-size and also, when
used in the fermentation plates, in more distinct
fermentation. At the same time it was suggested by

Miss Aa. Langhorn of the Media Department that
we should also try human placenta broth. Placenta
broth appeared to be much better than ox-heart
broth in the fermentation plates; glucose was fer-
mented very distinctly by the great majority of the
strains (both the old, typical and the new, atypical)
and in addition the change to alkalinity normally
seen on the maltose plates became more distinct.
In contrast to the ox-heart broth, placenta broth is
prepared without buffer; ox-heart broth contains
0.2% Na2HPO4, 12 H20 (pH 7.38). However,
experiments showed that the improved fermentation
was not due to the omission of the buffer alone. Ox-
heart broth prepared without buffer was somewhat
better than that with buffer, but it was not as good as
placenta broth. No difference was observed between
primary isolation plates prepared with ox-heart or
placenta broth. Typical strains grew equally well on
all the above-mentioned media.

(4) Sensitivity
The sensitivity to penicillin and streptomycin was

tested in 28 atypical strains by the tablet method;
the zones were very difficult to measure because of
the scanty growth.
Only one or perhaps two strains (zone diameters

32 mm and 35 mm) showed reduced sensitivity to
penicillin, and the remaining 26 strains were dis-
tributed as follows: 21 strains with zone diameters
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of from 36 mm to 44 mm (75 %) and five strains with
diameters 2 45 mm (18 %). The two strains with
reduced sensitivity to penicillin gave also the
smallest zones with streptomycin (30 mm and 31 mm
respectively); the remaining 26 strains had diameters
betwveen 34 mm and 40 mm.
Table 4 shows that the atypical strains tended to

be more sensitive to penicillin than did the 102
" diagnostic " strains from 1957, but the difference
was not significant. The " increased sensitivity "
of the atypical strains might be due to their poorer
growth, which would tend to the formation of larger
zones. In the plate-dilution method, however, one
would not expect any shift due to the growth condi-
tions because the concentration of the antibiotic
is constant and the amount of growth in the controls
without antibiotic serves as a basis for the quantit-
ative readings of the results.

Twenty-six of the 28 strains were tested again
using both the dilution and the tablet methods but
unfortunately the two strains with reduced sensit-
ivity could not be retested because they were de-
stroyed by contamination. The tests were per-
formed on two different media (containing either
ox-heart or ox-meat broth). All 26 strains were
sensitive to penicillin, streptomycin and tetracycline
with both methods and on both media.

Fig. 2 shows the results for the three antibiotics;
for all antibiotics the zone diamaters were greater
on ox-heart medium than on ox-meat medium (on
the average 3-4 mm) and for streptomycin and
letracycline the 50% inhibitory concentrations were

lower on the ox-heart medium than on the beef-
heart medium (on the average about 0.2 log1o
values). However, for penicillin the 50% inhibitory
concentrations were fairly constant. Thus the
results obtained for streptomycin and tetracycline
indicate that the sensitivity is actually increased on
ox-heart medium, whereas the result is doubtful
for penicillin, for which no change in sensitivity
could be found with the dilution method. The
results with the three typical control strains indicated
that these did not respond to media changes in the
same way as did the atypical strains. Hence the
experiments were repeated for penicillin with nine
atypical strains and seven normal strains. For
the atypical strains it was confirmed that the zone
diameters were greater on the ox-heart medium
than on the ox-meat medium, and that the 50%
inhibitory concentrations did not change; the
normal strains showed neither greater zones nor
decreased 50% inhibitory concentrations on ox-
heart medium.

DISCUSSION

Sensitivity problems

The incidence of sulfonamide-resistant strains,
which was very high at the beginning of the penicillin
era (Dunlop, 1949; N0rgaard, 1946), now appears
to have fallen to its prior level (Cradock-Watson
et al., 1958), and in analogy with this observation it
was thought of interest to study the stability of the

TABLE 4
COMPARISON BETWEEN THE PENICILLIN AND STREPTOMYCIN SENSITIVITY

OF DIAGNOSTIC AND ATYPICAL STRAINS: TABLET METHOD, ROUTINE RESULTS

Zone diameters (mm) 25 to 34 35 to 43 44 to 50 Total

Penici.lin: 1957

Diagnostic strains a 20 (19.6%) 68 (66.5%) 14 (13.7%) 102 (100%)
Atypical strains 2 (7.1%) 21 (75.0%) 5 (17.9%) 28 (100%)

Zone diameters (mm) 30 to 35 36 to 50 Total

Streptomycin: 1957

Diagnostic strains a

Atypical strains

48 (46.5%)
11 (39.3%)

55 (53.5%) 103 (100%)

17 (60.7%) 28 (100%)

a Diagnostic strains: typical gonococcus strains picked out at random among the routine diag-
no stic cultures.
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FIG. 2
SENSITIVITY TESTS FOR PENICILLIN, STREPTOMYCIN AND TETRACYCLINE BY DILUTION AND TABLET METHODS ON

DIFFERENT MEDIA
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Tablet method-abscissa: differences In mm between zone diameters obtained on ox-heart medium and ox-meat medium.
Dilution method-abscissa: differences on logi. values between the 50% inhibitory concentrations obtained on ox-meat and ox-

heart medium.

reduced sensitivity to penicillin. This was done by
serial subculturing on peniciUin-free medium of
20 gonococcus strains having reduced penicillin
sensitivity. However, as perhaps was to be expected
from the comparatively long time it has taken to
develop the present stage of reduced sensitivity,
increased sensitivity could not be demonstrated
after from 30 to 90 daily subcultures. The observed
tendency to greater inhibition zones (on the average
2 mm) found for the subcultured strains was as-
cribed to changes in growth requirements and was
not taken as an indication of difference in sensitivity.
This assumption was supported by the fact that the
differences in zone diameters were associated with

the strains in particular. It was also impossible to
demonstrate any significant sensitivity difference
with the dilution method.
Among strains where penicillin sensitivity de-

termination had been specifically requested by the
clinician, the incidence of strains with reduced
sensitivity was 39% in both 1957 and 1958, and the
range of the zone diameters, measured by the tablet
method, was also unchanged in the two years.
However, in 1958 a significantly lower number of
strains was found in the group with zones 2 44 mm.
This indicates that selection (and induction ?) of
strains with a comparatively reduced penicillin
sensitivity continues.
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No difference was found for streptomycin in
1957 and 1958, and only two absolutely resistant
strains were observed. This agreed with the fact
that streptomycin is not used in Denmark to any
extent in gonorrhoea treatment.
The previously observed correlation between the

sensitivities to penicillin and streptomycin was
confirmed for the 1958 strains, and it was seen that
the correlation was most pronounced for the largest
zones; so far we have no other explanations for the
correlation than those previously suggested (Reyn
et al., 1958).

Experiments are in preparation with strains made
artificially resistant.

Atypical strains
From June 1957 a sudden increase in aitypical

gonococcus-like strains was observed. The strains
grew poorly on both the routine medium for prim-
ary isolation and on the fermentation medium
commonly used; glucose was either not fermented
or only weakly fermented. In all other respects,
including serologically, the strains behaved like
true gonococci. It was peculiar that nearly all
yielded anti-complementary antigens; however, this
effect was counteracted by heated serum, indicating
that the anti-complementary effect might be ascribed
to inactivation of either the third or fourth comple-
ment components or of both.
The incidence of the atypical strains varied with

time; in January 1958 it rose considerably (to about
40%) and this level was maintained until May 1958,
when the culture and fermentation media were
changed.

Several unsuccessful attempts were made to
improve the media; in April 1958 it was found by
mere accident that the use of ox-heart broth instead
of ox-meat broth resulted in larger colonies and

RIES

La diminution de sensibilit6 du gonocoque aux anti-
biotiques a fait l'objet d'une publication anterieure des
auteurs, qui passaient en revue les travaux de divers
chercheurs et les leurs. La comparaison de plusieurs
centaines de souches de gonocoques recentes avec une
centaine de souches isolees en 1944 avait montre que
25% environ des souches envoyees au laboratoire en
1957 pour diagnostic demandaient pour l'inhibition
totale de leur developpement des doses de penicilline
20 fois plus fortes que celles qui suffisaient a l'inhibition

somewhat more distinct fermentation. However,
ideal fermentation was not obtained until human
placenta broth was used in the fermentation plates.
So far, we have no explanation for the better results.
Old typical strains (isolated in 1944) and new strains
(typical and atypical) grow equally well on the
improved media-namely, prepared with ox-heart
broth for primary isolation and with human pla-
centa broth for fermentation. The viability of
standardized cultures of atypical strains was not
improved on the new medium.
The atypical strains were preponderantly sensitive

to both penicillin and streptomycin (tablet method),
and they tended to be more sensitive to penicillin
than did the typical strains.
The increased sensitivity measured by the tablet

method might be apparent only as a result of the
poorer growth of the atypical strains, which would
lead to the formation of larger zones, and it was not
to be expected that a similar change to increased
sensitivity would take place for the dilution method.
By retesting of the sensitivities on ox-meat and

ox-heart medium with both methods, it was found
that the sensitivity to streptomycin and tetracycline
actually was greater on the improved medium than
on the old medium for both methods. For penicillin
the result was doubtful; no change in sensitivity
was found with the dilution method, although the
zones were on the average 2.5 mm greater on the
improved medium than on the old medium. Typical
strains tested in the same way did not show greater
zones or decreased 50% inhibitory concentrations
measured in the dilution method. The different
behaviour in response to changes in medium of the
typical and atypical strains cannot as yet be ex-
plained, and further experiments are needed. In this
connexion the different modes of action of the anti-
biotics should be kept in mind.

UMt

de souches isolees en 1944. Ils avaient constat6 l'existence
de souches absolument r6sistantes a la streptomycine,
mais d'aucune souche resistante a la tetracycline. Des sou-
ches aux caracteres serologiques et physiologiques atypi-
ques avaient ete rencontrees.
Dans le pr6sent article, les auteurs poursuivent leurs

recherches et reprennent certaines questions abordees
dans le pr6cedent: la stabilite de la sensibilit6 diminuee
aux antibiotiques, les niveaux de sensibilit6 a la p6ni-
cilline dans les annees 1957 et 1958, la frequence des
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souches atypiques et leurs caracteres. Voici quelques-uns
de leurs r6sultats:
Le repiquage durant 30-90 jours sur un milieu exempt

de penicilline de 20 souches ayant une sensibilite reduite
a cet antibiotique n'a pas augmente cette sensibilite.
En 1957, comme en 1958, quelque 200 souches ont ete

soumises regulierement a des epreuves de sensibilite a la
penicilline par la ((tablet method)) (comprimes de p6ni-
cilline implantes dans la gelose) et la zone d'inhibition
de la culture autour du comprime mesuree. La dimension
de ces zones variait pour l'une et l'autre annee entre les
memes limites: 20-50 mm. En 1958 comme en 1957,
environ 39% des souches presentait une sensibilite
reduite, soit des zones de 34 mm ou moins. En 1958
toutefois, le nombre des souches avec zones de 44 mm
et plus etait significativement inferieur a celui de 1957,
ce qui semble indiquer que la selection (ou l'induction)
des souches relativement moins sensibles a la penicilline
se poursuit.
Aucune des souches de 1957 n'etait completement

resistante a la streptomycine. Deux souches de 1958
l'etaient, provenant du meme malade.
Chez Jes souches de 1957 et celles de 1958, on observa

une correlation positive significative entre la sensibilite
a la penicilline et a la streptomycine.
A partir de juin 1957, on a constate la presence de

souches atypiques de gonocoques, qui exigeaient des
conditions speciales de culture, avaient une faible via-
bilit6 et ne fermentaient que peu ou pas le glucose. A
l'examen serologique, elles se distinguaient des souches
normales par la presence frequente d'antigenes anticom-
plementaires. La proportion des souches atypiques s'est
elevee a 40% en janvier 1958, et s'est maintenue telle
jusqu'en mai, epoque ou une modification du milieu de
culture et de fermentation a ameliore la croissance et
retabli une fermentation typique. (Le milieu de fermenta-
tion etait 'a base de bouillon de placenta humain.) Le
changement de milieu de culture a eu un autre effet
encore: les zones d'inhibition etaient plus grandes sur
milieu au cceur de beeuf que sur milieu a la viande de bceuf,
mais pour les souches atypiques seulement, fait encore
inexplique. La plupart des souches atypiques etaient
sensibles a la penicilline et at la streptomycine. Une tren-
taine d'entre elles se sont reve61es plus sensibles f la
penicilline que les souches typiques isolees pendant la
meme periode.
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