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Gonococcal Resistance to Penicillin in the
Light of Recent Literature*

CHARLES M. CARPENTER, M.D.'

Recent years have witnessed a slight decrease in the sensitivity of certain gonococcal
strains to penicillin. A survey ofthe pertinent literature, however, indicates that most reports
ofgonococcal infections which are unresponsive to " adequate " doses ofpenicillin are not
sufficiently substantiated by valid clinical and laboratory studies to demonstrate beyond
doubt the existence of truly penicillin-resistant strains. Nevertheless, the possibility of
such resistance is real and important. Investigations to determine with certainty whether
the gonococcus is acquiring a significant degree of resistance should include measurement
ofpenicillin blood levels, preventionl of re-exposure, confirmation of diagnosis by cultures,
elimination of possible host factors when apparently recalcitrant cases are encountered,
and careful laboratory confirmation of the in vitro penicillin-resistance of the strains in-
volved.

Progress in chemotherapeutic and antibiotic
therapy has been accompanied historically by the
development of resistant or dependent strains of
bacterial agents. Kossiakoff in 1887, Effront in
1891, Davenport & Neal in 1895 first observed
adaptation of micro-organisms to noxious chemical
substances. Erlich, who discovered the trypano-
cidal activity of p-rosaniline in 1907, reported the
observation made by Franke & Roehl that Trypano-
soma brucei became resistant to the dyestuff after
extended exposure. Drug resistance in micro-
organisms has been ascribed to adaptation or to
mutation, and it is to be expected that in the majority
of instances adapted or mutated strains may be
epidemiologically differentiated from susceptible
strains if this characteristic is genetically transmitted.

Certain bacteria are capable of developing meta-
bolites antagonistic to the therapeutic agent. The
production of penicillinase by E. coli is an out-
standing example.
The gradient of increased resistance or decreased

susceptibility may be sharp or barely appreciable.
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At present, evidence for the existence of penicillin-
resistant strains of the gonococcus is conflicting in
that all factors indicative of their existence have not
necessarily been taken into consideration. Before
the evidence for the existence of penicillin-resistant
strains can be considered, further substantiation
must include (1) cultivation and identification in
vitro; (2) elimination of the possibility of reinfection;
(3) confirmation that adequate blood levels were
achieved; (4) exclusion of the possibly antagonistic
effect of the penicillinase type of activity by con-
comitant organisms (the reported penicillinase
production by E. coli in gonorrhoeal proctitis in
the female is illustrative); (5) assurance that deter-
ioration of the drug had not occurred; and (6) in
vitro demonstration of enhanced penicillin resistance
of the suspected strain.
Another factor to be considered is the possibility

that some hosts are incapable of mobilizing their
immunological defence mechanisms against the
invading organism (Schnitzer & Grunberg, 1957).
Further, previous treatment with penicillin resulting
in immunological antagonism to the therapeutic agent
may produce in vivo inactivation of the antibiotic.
An additional consideration essential to the study

of alleged penicillin-resistant strains of the gono-
coccus is its fastidious growth requirements in vitro,
which makes it difficult to evaluate sensitivity tests.
The intracellular existence of the organisms within
the host likewise necessitates careful scrutiny of the
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efficacy of an antibiotic. Rees (1952) has stated
" . . . when the gonococcus lies in a closed or inter-
mittently draining focus, it may escape the action
of penicillin, and is a potential source of reinfection
if the focus is re-opened ".
Other factors that may lead to reports of peni-

cillin failures in the treatment of gonocccal infection
include reinfection, inadequate dosage of the drug,
destruction of penicillin by therapeutic penicillinase,
resistance of inactive gonoccoci in an unfavourable
environment, too brief maintenance of adequate
blood levels, exertion, hyperaemia, low renal thres-
hold and, finally, misdiagnosis. In particular,
gonococcal infection must be differentiated from
non-specific urethritis (Schamberg, 1956). A number
of authors 1 are of the opinion that in certain cir-
cumstances the gonococcus is capable of inversion
to pleuro-pneumonia-like organisms (PPLO) and
can thereby become penicillin-resistant. Symbiotic
or accidental association of the PPLO with the
gonococcus in the genital tract may be a more
plausible explanation. PPLO have been recovered
from the urethral exudate of patients with non-
gonococcal urethritis. It is conceivable, therefore,
that certain cases, reported as penicillin-resistant
gonorrhoea and in which the gonococcus was
originally demonstrated, may represent secondary
invasions with PPLO which elicit symptoms after
the gonococcus has been cleared from the genital
tract by adequate penicillin therapy.

EXPERIMENTAL EVIDENCE FOR PENICILLIN-
RESISTANCE IN THE GONOCOCCUS

It has been shown that almost all species of
bacteria investigated acquire some degree of re-
sistance to antibiotics. Many antibiotics give rise
to resistance in a large number of organisms, and
many organisms show a tendency to become re-
sistant to specific antibiotics (Schnitzer & Grun-
berg, 1957). Only a comparatively low degree of
resistance to penicillin has been experimentally
produced in vitro in the gonococcus. It must still
be demonstrated that this low degree of resistance
is manifested in vivo as clinically refractory cases.

Frisch and his co-workers in 1944 failed to develop
penicillin-resistant strains of the gonococcus in vitro,
employing a medium with a chocolate agar base.

In 1945, Bahn, Ackerman & Carpenter stated
that five strains of Neisseria gonorrhoeae were made

' Among them Dienes et al. (1940, 1948); Brown & Hayes
(1942) ; Dienes & Weinberger (1951); Sabin (1952).

resistant in vitro to concentrations of penicillin up to
400 times greater than the concentration which
initially permitted growth. They reported morpho-
logical changes of the organism and delayed fermen-
tation of carbohydrates du'ring the development of
penicillin-resistance. Later in 1945 Carpenter, Bahn,
Ackerman & Stokinger demonstrated that drug
fastness of the gonococcus to sulfathiazole, Rivanol
(6,9-diamino-2-ethyoxyacridine lactate), Promin
and penicillin produced by serial passage was much
less marked if the organism was exposed to a
mixture of the first three drugs. Experiments showed
that a mixture containing all four of these agents
completely prevented loss of sensitivity.
From 1945 to 1958, numerous investigators have

determined the rang- of the in vitro bacteriostatic
or bactericidal concentration of penicillin in an
attempt to establish the validity of the assumption
that the gonococcus was acquiring resistance to the
drug. In 1946-47 Franks and Duemling & Horton
believed they had demonstrated the existence of
strains with a decreased sensitivity to penicillin. On
the other hand, the majority of workers-Dowling,
Gartmann & Knapp, Marcuse & Hussels and Mark
in 1954; Finland, Fischer and Love & Finland in
1955; Lodin in 1956; Guthe2 and Marchionini &
R6ckl in 1957; Finland and Guthe et al. in 1958-
agreed that penicillin-resistant strains did not occur.
In a more recent study by Reyn, Korner & Bentzon
(1958), an extensive attempt was made to determine
the penicillin-sensitivity pattern of the gonococcus by
comparing strains isolated in 1944 with those isolated
in 1957. A total of 296 strains, 90 isolated in 1944
and 206 isolated in 1957, were tested. From the
study, it was concluded that the 50% inhibitory
concentration of penicillin for the strains isolated
in 1944 showed a normal distribution (approximat-
ely 0.01 unit of penicillin per ml of medium with a
sixfold range). The strains isolated in 1957 revealed
a two-peak distribution, one of which was about
0.01 unit per ml and the other approximately 0.2
unit of penicillin per ml. The authors also believed
that this altered distribution pattern indicated
decreasing sensitivity to penicillin of certain strains
of the gonococcus. An increasing incidence of
atypical strains with low growth rate was observed
in their series since June 1957. They were further
of the opinion that such strains resulted from the
more widespread use of penicillin therapy, even

2 Some basic considerations in evaluation of long-term
results of syphilis treatment (unpublished working document
WHO/VDT/238).
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though most of these atypical strains were drug-
sensitive.
Reyn, Komer & Bentzon's findings in general

correlate well with the earlier reports on the mi-
nimum inhibitory concentrations of penicillin for
the gonococcus. Cradock-Watson, Shooter & Nicol
(1958) summarize the observations published in six
reports between 1944 and 1955,1 totalling 1012
strains of the gonococcus studied for penicillin
sensitivity. In summary, they stated " of all these
strains only five have been reported as requiring
more than 0.128 units of penicillin per ml of medium
for inhibition, and three of these five may have, in
fact, needed less, as the intermediate lower inhibitory
levels were not tested". Their study of 200 strains
showed that 38 required 0.128 unit or more of
penicillin per ml of medium. Patients infected with
these strains relapsed after treatment more often
(37% compared to 7%) than those infected with
more sensitive strains. Thirty-eight, or 19%, of
200 of the strains isolated in 1957 and 1958 required
a penicillin concentration more than 10 times as
great as that previously used, and some required
0.307 unit of penicillin per ml of medium for in vitro
inhibition. If the possibility of reinfection is dis-
counted, 34% (13 of 38 patients) infected with the
resistant strains relapsed, and only 7% (12 of 162
patients) infected with sensitive strains relapsed.
A two-peak distribution of the minimum inhibitory
concentration of penicillin was also reported, and
the authors interpreted their observations as a
step-like change in sensitivity of the gonococcus to
penicillin. In their opinion such evidence supports
the assumption that resistance to penicillin in the
gonococcus may increase by a series of multiple
steps.

Experimentally produced, increased in vitro
penicillin-resistance in the gonococcus is inadequate
to explain fully the mechanism involved in the
possible production of such increasingly resistant
strains in vivo. The available data are not compar-
able with the experimental evidence presented for
the production of increased resistance of bacteria to
antibiotics, such as streptomycin.

CLINICAL EVIDENCE OF INCREASED PENICILLIN
RESISTANCE IN GONORRHOEAL INFECTIONS

Because of published reports of gonorrhoea
refractory to cure with penicillin or of cases in which

1 Reports by Cohn & Seijo (1944); Lankford (1945);
Kenedy & Alfoldy (1947); Hawks & Greey (1948); Cohn et
al. (1949); Love & Finland (1955).

inordinately high doses of the drug were required,
Hughes & Carpenter in 1948 made a careful study
of 216 members of the US Armed Forces with
alleged penicillin-resistant gonorrhoeal urethritis eva-
cuated from the Pacific theatre of operations. The
group ofyoung adult males had been hospitalized for
from two to six months and most had been treated
with intramuscular aqueous penicillin, allegedly
without cure. During the observation and treatment
period they were placed under strict quarantine in
in army general hospital. The authors concluded
that, with few exceptions, the initial diagnosis of
gonorrhoea was erroneous because of unsatisfactory
Gram stains of films from urethral exudates. Of
the 216 individuals with alleged penicillin-resistant
gonorrhoea, only 20, or 9.3 %, were actually infected
with the gonococcus. Of the remainder 103, or
53 %, had non-gonococcal urethritis, and 18, or
8.3 %, had other diseases of the genito-urinary tract.

Dallas (1958), a decade later, reported 63 cases of
presumed gonorrhoea refractory to penicillin treat-
ment among 447 male patients. Of these, 43 patients
admitted sexual intercourse after therapy and were
presumed to be reinfected. Eight of the 20 remaining
treatment failures were ascribed to host factors such
as alcohol, sexual excesses and over-exertion.
Dallas concluded that "reappearance of gono-
coccus after 2 or 3 weeks indicates reinfection,
irrespective of the history obtained ". He compared
his series with that of King, Curtis & Nicol who, in
1950, observed 1447 male patients treated with
150 000 units of aqueous sodium penicillin. The
recurrence rate with identification of the gono-
coccus in the urethral secretions within two weeks
was 1.7% (25 patients) in this group. After the
second week of observation, 216 patients showed
recurrence. King, Curtis & Nicol (1950) cite
Putkonen & Rouhunkoski (1951), who, employing
streptomycin, noted that the gonococcus would
reappear within the first two weeks of observation
when relapse occurred. Streitmann & Krassnigg
in 1957 reported treatment of 2000 female patients
and observed 52, or 2.6%, to suffer relapses, the
majority of which occurred within 19 days of
conclusion of the treatment.
A striking study by Schamberg, Kalodner &

Lentz in 1958 reported results of an experimental
" antibiotic quarantine " wherein 1700 females and
2400 males, contacts of patients with. gonorrhoeal
infection, were treated with injections of 2.4 million
units of benzathine penicillin G. The contacts were
asked to return for identical treatment after eight
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weeks. Within eight weeks following the initial
treatment, the gonococcus was demonstrated in
nine males and six females, 0.5% of the women and
0.25% of the men. In one female, infection per-
sisted for six months despite repeated treatment with
benzathine penicillin G in dosages as high as 4.8
million units. Later she was apparently cured with
procaine penicillin in oil with 2% aluminium
monostearate. It was concluded that benzathine
penicillin G in the dosages used provided a blood
level sufficiently high to kill 95% of the strains of
the gonococcus for 50 days after injection, but
"rarely provides the blood level required to kill
most resistant organisms ". Schamberg, Kalodner
& Lentz believed that although reinfection sometimes
played a part in the recurrence of positive cultures
within eight weeks of the initial treatment, the blood
level of the antibiotic can be maintained high
enough to prevent reinfection as well as to achieve
cure. Although studies of the organism isolated
from one case were found in some laboratories to
exhibit an increased resistance to penicillin, complete
cure was effected by auxiliary treatment with pro-
caine penicillin in oil with 2% aluminium mono-
stearate. The authors suggest an initial treatment
with a mixture of 600 000 units of aqueous procaine
penicillin and 1.2 million units benzathine penicillin
G to prevent dissemination of the more resistant
strains of the gonococcus in the population.

Venereologists in Zurich (Burkhardt & Dirr)
reported in 1956 that the incubation period of
gonorrhoea had not changed during the penicillin
era from that which prevailed prior to 1938. On
the other hand, the complications of gonococcal
infections previously observed in both male and
female have been markedly reduced and now are
rarities. These authors had the impression that the
clinical symptoms of the uncomplicated disease had
become milder and wondered if the virulence of the
gonococcus had not decreased in the last decade.
Likewise, Lodin (1955) at Stockholm reported that
records at the Karolinska Institute indicated no
change in the incubation period of gonorrhoea and
no evidence that the gonococcus was acquiring

penicillin resistance. These observations were
confirmed by studies on 2057 patients in the Karl
Marx University, Leipzig (Wesener et al., 1953).

Epstein (1959) has reported a 20% treatment
failure rate in a series of 148 cases among United
States troops in Korea. The diagnosis of gonorrhoea
was made on the basis of Gram-stained films of
urethral exudates. He concluded that this evidences
the emergence of a penicillin-resistant strain of the
gonococcus.
The above reports fail to present any clear-cut

clinical evidence of the existence of truly penicillin-
resistant strains of the gonococcus if rigorous
criteria are applied. The possibility of secondary
non-gonococcal urethral or vaginal infection mas-
querading as a continuation of a penicillin-treated
and cured gonococcal infection cannot be eliminated.
In this connexion, the possibility of the disease being
manifested by the presence of PPLO inversions of
the gonococcus cannot be overlooked.

NON-GONOCOCCAL URETHRITIS

Among the organisms most frequently isolated
from non-gonococcal urethral exudates in cases of
" non-specific " urethritis are alpha and gamma
streptococci (Carpenter & Hughes, 1948; Wagner
et al., 1953), Pseudomonas (Feo, 1944), staphylo-
cocci (Amer. J. publ. Hlth, 1953), PPLO (Amer. J.
publ. Hlth, 1953; Morton et al., 1952), coliform
organisms (Carpenter, 1950; De Carle, 1958),
Trichomonas vaginalis (Wagner et al.. 1953; Durel &
Siboulet, 1954; Durel et al., 1954) and Chlamydo-
zoon oculogenitale (Brisou, 1954). The occurrence
of these infections is sufficiently high to warrant
consideration when a diagnosis of gonorrhoea is
proposed. Non-specific urethritis may occur as a
primary or secondary infection with concurrent
gonococcal infection. When symptoms of urethritis
continue after treatment with adequate doses of
penicillin, every possible effort should be made to
search for other infectious agents that may cause
urethritis.

RItSUMI2

De nombreux travaux publi6s ces dernieres annees
font etat d'une resistance a la p6nicilline manifestee par
certaines souches de gonocoques, qui diminue l'efficacite
du traitement de la blennorragie par cet antibiotique.

Cet article est consacre 'a une revue critique de la littera-
ture parue sur ce sujet.
Pour assurer de fagon irrefutable que cette resistance

existe, il faut avoir effectue certaines epreuves et pris en
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consideration de nombreux facteurs, ce dont les cher-
cheurs ne se sont pas toujours avises. I1 faut en particulier
proceder a la culture et a l'identification de la souche de
gonocoque incrimine; exclure toute 6ventualite de re-
infection du malade traite; 6liminer l'influence possible
de micro-organismes produisant de la penicillinase (E. coli
dans un cas de proctite blennorragique de la femme);
s'assurer qu'un niveau convenable de penicillinemie a et
atteint lors du traitement; s'assurer de la qualite de la
penicilline employee, et enfin prouver par culture la
resistance accrue du gonocoque; or, l'evaluation des tests
de sensibilite est compliquee par les exigences culturales
du gonocoque. En outre, il faut tenir compte d'un eventuel
affaiblissement des mecanismes de defense du sujet
infecte, ou d'un antagonisme immunologique dfi ai
l'inactivation de l'antibiotique a la suite d'un traitement
antibiotique anterieur. La vie intracellulaire du gono-
coque, isole dans des foyers fermes, peut aussi le mettre
a l'abri de l'action de la penicilline et rendre le traite-
ment inefficace. La presence, a c6te du gonocoque, d'or-
ganismes ressemblant A ceux de la pleuro-pneumonie
(PPLO) peut etre a l'origine de sympt6mes observes

apres disparition du gonocoque. Certains auteurs
admettent meme une relation evolutive etroite entre
ces deux formes microbiennes.

L'auteur analyse ensuite les travaux experimentaux
temoignant en faveur d'une resistance du gonocoque a
la penicilline. I1 estime que cette resistance, telle qu'elle
est provoqu6e experimentalement ne peut suffire a expli-
quer l'eventuelle production de souches resistantes au
traitement in vivo, et que les donnees, sur ce point, ne
sont pas comparables a celles que l'on a obtenues pour
les bacteries resistantes aux antibiotiques.
Quant aux observations cliniques, elles ne sont pas

concordantes et ne permettent pas d'affirmer nettement
la resistance accrue du gonocoque, lorsque des criteres
stricts d'evaluation sont appliques. I1 y a lieu en outre
de songer, quand on suppose etre en presence d'une
blennorragie, que d'autres infections peuvent etre en
cause, l'urethrite non specifique par exemple. Si les
symp t6mes d'urethrite persistent apres traitement, il
faut se demander si des agents infectieux autres que le
gonocoque n'en sont pas responsables, avant de conclure
a la moindre sensibilite du gonocoque a la penicilline.
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