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Treatment Problems of Gonorrhoea *
R. R. WILLCOX, M.D.'

W. Garson has said that " our evaluation today of the treatment of gonorrhoea cries
aloud our inadequacies and our ignorance ". Variants and permutations in treatment and
treatment schedules using antibiotics and chemotherapeutic substances, as suggested by
different workers, are reviewed here.

INTRODUCTION

The failure to control gonorrhoea, and the rising
numbers of cases in many countries of the world are
discussed in another article by the author (see page 357
of this issue of the Bulletin), in which the reasons
advanced include general factors, social factors, and
difficulties in the diagnosis and management of
gonorrhoea. The present article concerns problems
of treatment.
There are four basic principles in communicable

disease control: quarantine, immunization, eradica-
tion of the immediate host and specific treatment.
Effective quarantine of gonorrhoea is impossible as
the infectious reservoir in the undiagnosed female
cannot by any means always be found, there is no
means of immunization or significant natural im-
munity, and no intermediate host (Garson & Thayer,
1958). Reliance has had to be put largely on specific
treatment and it is now becoming apparent that this
measure also-even with penicillin-has its limita-
tions.
When penicillin was first used for the treatment of

gonorrhoea in 1943 the doses given were small and
repeated application was necessary, and the amor-
phous penicillin then used contained a number of
fractions, F, G, X and K. Great simplification in
technique resulted from the evolution of repository
preparations-first penicillin in oil beeswax (POB),
and later aqueous procaine penicillin G and procaine
penicillin G in oil with aluminium monostearate
(PAM). All these apparently gave good results with
single intramuscular doses of 300 000 units-
certainly in the male. More recently, the epidemio-

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

1 St Mary's Hospital, London, and King Edward VII
Hospital, Windsor, England; WHO Consultant on Venereal
Diseases and Treponematoses

logical usefulness of even longer-acting penicillin
salts, particularly benzathine penicillin, has been
explored.

USE OF INCREASING DOSES OF PENICILLIN

Initially the doses used were low (Garson, 1957)
because it was felt that simultaneously acquired
syphilis might be incompletely cured and should be
given the opportunity to manifest itself within the
usual incubation period of the disease. For this
reason streptomycin treatment for gonorrhoea was
preferred to penicillin in some countries, for example,
France. In time it became evident that the more
serious disease was in fact either being cured in the
incubation period or would declare itself within the
usual time if inadequately treated. It therefore
became logical to increase the dose of penicillin for
gonorrhoea (Durel & Hardy, 1957; Reiches, 1957;
Kanee & Nelson, 1954). In a WHO survey under-
taken in 1955 of the treatment practices in 171 ports
and major cities of the world, no less than 84.4% of
participants used dosages of 0.6 mega-units or more,
while 35.6% of participants in Europe, 50% in
South Africa and New Zealand, and 21.4% in the
USA used doses of 1.2 mega-units or more (Willcox
& Guthe, 1957).

INCREASING FAILURE RATES

In recent years increasingly unsatisfactory results
of the treatment of gonorrhoea have been reported
in many countries including Australia,2 Austria
(Streitmann & Krassnigg, 1957), Cambodia,3 China

2 Johnston, H. C. (1958) Venereal diseases in Australia,
Geneva (WHO unpublished working document WPR/VDT/3)

3Phiem, N. H. & Ut, N. Y. (1958) Venereal diseases in
Viet Nam, Geneva (WHO unpublished working document
WPR/VDT/10)
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TABLE 1
RESULTS OF TREATMENT OF GONORRHOEA IN MALES WITH PROCAINE PENICILLIN G

IN OIL WITH ALUMINIUM MONOSTEARATE (PAM) IN LONDON a

Year meDgaseunits Treated | Followed Failure | Re-infection rfailing of
mega-units ~~~~~~~~~~~thosefollowed

1952 0.15 223 200 18 42 9.0

1954 0.30 226 194 9 22 4.6

1955 0.60 226 190 34 23 17.9

1957 1.20 44 39 7 15 17.9

Totals 719 623 68 102

a Data from Willcox (1958).

(Taiwan),1 Hong Kong,2 Japan,' Korea,' Laos,'
Philippines,3 and the United Kingdom (King, 1958;
Knight, 1958; Willcox, 1958). Cases of gonorrhoea
have been recorded which have not responded to
penicillin (Stuhlert, 1957).
Such experiences have usually followed the use of

repository penicillins (e.g., in Australia where 12%
of failures were noted in 1957). In London in 1957
doses as high as 1.2 mega-units of PAM were used
with failure rates of 17.9%. With the same dose of
benzathine penicillin the failure rate was as high as
30.3%. In 1954 using only 300 000 units of PAM
the failure rate was only 4.6% (Willcox, 1958) (see
Tables 1, 2). In the USA re-treatment rates of
16.8%-24.4% have been encountered in females
treated with 600 000 units of PAM. Excluding re-
infections, the failure rate was assessed at 13%
(Garson, 1957).
A similar phenomenon has been noted when small

doses of procaine penicillin have been used with
or without sulfonamides. In Birmingham, England,
the failure rate rose from 3.1 % in 1955 to 7.3%
in 1957 (Knight, 1958), and in Vienna from 0.25% to
4.4% (Streitmann & Krassnigg, 1957). Thus the
degree of deterioration in results is variable. It had
not, for example, been reported by 1956 with

procaine penicillin in Sweden (Tottie, 1956) or in
Norway (Gjessing, 1956). In the latter country
failures first started to occur in 1959.

REASONS FOR FAILURE

Misdiagnosis
Initially, penicillin failures were very rare and,

when investigated, were frequently found to be cases
of non-gonococcal urethritis (Hughes & Carpenter,
1948). It is not a universal practice to take smears or
cultures even today,' and if penicillin is given for
non-gonococcal urethritis it may not cure the con-
dition and the antibiotic may be unfairly blamed for
its failure in gonorrhoea. The presence of the
gonococcus should be verified by culture in sup-
posed cases of treatment-failure (see the article by
Carpenter on page 321 of this issue of the Bulletin).

Re-infection
The importance of treating female contacts has

frequently been emphasized (Durel, 1957). In gono-
rrhoea there has not been the same practice of
treating both partners simultaneously, as for syphilis
(Durel, 1956), and re-infection following a too-early
return to the same sexual " environment " is com-
mon.

1 World Health Organization (1959) Report on the First
World Health Organization Venereal Disease Control Seminar
ofthe Western Pacific Region, Japan, 17-29 March 1958, Manila
(WHO unpublished working document WPR/VDT/48).

' Thomson, G. M. (1958) Penicillin-resistant gonorrhoea
in Hong Kong and some observations on antibiotic-resistant

non-gonococcal urethritis, Geneva (WHO unpublished work-
ing document WPR/VDT/18).

' Yusay, T. L. (1958) The problem of venereal disease in
the Philippines and the progress of venereal-disease control
over the last ten years, Geneva (WHO unpublished working
document WPR/VDT/8).
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TABLE 2
RESULTS OF TREATMENT OF GONORRHOEA IN MALES WITH BENZATHINE PENICILLIN

IN LONDON IN 1957 a

DoseIn lPercentage
mega-units Treated Followed Failure Re-infection failing ofthose followed

0.3 98 76 24 3 31.6

0.6 125 92 21 3 22.8

1.2 41 33 10 - 30.3

Totals 264 201 55 6 27.4

a Data from Willcox (1958).

Cohn et al. (1949) examined 35 so-called penicillin-
resistant cases, 34 of whom were re-treated satis-
factorily with penicillin. Similar observations had
repeatedly been made (Garson & Thayer, 1958). It
was concluded by these authors, and others (Dallas,
1958; United States Department of Health, Educa-
tion, and Welfare, Public Health Service, 1958; and
Carpenter (see page 321)), that the majority of
recurrences were due to re-infection. That there are
no known means of distinguishing relapse or persis-
tence of infection from re-infection or from super-
infection only increases the difficulty (Schamberg,
1956).
The problem of re-infection is concerned with the

social and psychological aspects of persons having
repeated infections, to which reference is made in
the article on page 357.

Persistence of infection

Persistence of infection may be due to: (a) failure
of penicillin to reach the focus; or (b) resistance of
the gonococcus to penicillin in the concentration
obtained at the focus. Persistence may result in
relapse, which may be precipitated by sexual stimula-
tion or alcoholic excess, or in the asymptomatic or
near-asymptomatic state.

(a) Failure of penicillin to reach the focus in
adequate amounts. This may result from inadequate
dosage, deterioration of the antibiotic, too brief a
blood level (from the use of aqueous penicillin, for
example), exertion of the patient, hyperaemia of the
depot, low renal threshold, etc., from the destruction
of penicillin, or from the existence of a closed focus
(Schamberg, 1956). That the gonococcus may not

be reached by penicillin in a closed or intermittently-
draining focus, and which is a potent source of
infection if the focus is later opened (especially in the
female), has been indicated by Rees (1952) and
Carpenter (see page 321).

It has been shown experimentally that penicillin
and other antibiotics fail to kill phagocytized gono-
cocci in tissue culture for as long as 48 hours, even
when these are exposed to considerable increases of
the minimal inhibitory concentrations in vitro
(Thayer et al., 1957b, c). If phagocytited by fixed
tissue cells in sub-epithelial connective tissue, gono-
cocci might be protected from penicillin and be a
source of potential re-infection (Thayer et al., 1957c).
It has been suggested in Japan 1 that " protected "
gonococci may be the source of auto-reinfection.
It has been noted that the presence of penicillinase-
producing organisms at the focus of infection may
prejudice the treatment of penicillin-sensitive organ-
isms with penicillin (Tacking, 1953). That penicil-
linase in the rectum might inactivate penicillin and
be the cause of failure has also been suggested
(Schamberg, 1956), and it has frequently been
emphasized that gonorrhoeal proctitis is not un-
common in women (and also in homosexual males).
It has been said to occur in 10 %-30% of females
with gonorrhoea (Wilkinson, 1949; Jensen, 1953;
Garson & Thayer, 1958). That this mechanism is
responsible for treatment failure in humans has not
been fully substantiated (Garson, 1958), and the

I World Health Organization (1959) Report on the First
World Health Organization Venereal Disease Control Seminar
of the Western Pacific Region, Japan, 17-29 March 1958,
Manila (WHO unpublished working document WPR/VDT/
48).



310 R. R. WILLCOX

available data have so far been considered to be
conflicting (Schamberg, 1956).

Inactivation of the antibiotic might occur from
immunological antagonism resulting from previous
treatment with penicillin; the possibility of an-
tagonistic effects of penicillinase-type activity by
concomitant organisms as a cause of failure should
also be investigated (see article by Carpenter on
page 321).

It is also possible that the doses of penicillin
generally used may have been too low, particularly
in the female. Most evaluations of therapy have
been made on men; women present quite different
problems (Garson, 1957; Brown 1). For example, the
female patient has more diverse locations of infec-
tion than the male, drainage is poorer, the foci are
not bathed with additional concentrations of
penicillin in the urine as in the male, and cyclical
physiological and biochemical changes may confuse
diagnostic tests and indeed may even aid the gono-
coccus. Female patients are more often asympto-
matic (Garson, 1957).
Another factor to be considered is that some hosts

may be incapable of immobilizing their immuno-
logical defence mechanisms against the invading
organism (see Carpenter, page 321). Also, in the
beginning when small doses of penicillin were used
largely because of the fear of masking syphilis, the
amorphous penicillins used contained a proportion
of penicillin X which is more active against the
gonococcus than is penicillin G (Garson & Thayer,
1958).

(b) Resistance of the gonococcus to the concentra-
tion of penicillin obtained at the focus. Sensitivity
tests of the gonococcus to penicillin have shown a
wide range of sensitivity; a range of 0.002-0.333
units/ml has recently been quoted in the USA. It is
admitted that strains with a susceptibility above 0.2
units/ml are likely to fail to survive treatment with
0.6 mega-units of benzathine penicillin (Garson,
1957) because of the resulting relatively low level of
the antibiotic in the blood.

(c) Changing characteristics of the gonococcus?
A recurring question is whether the gonococcus may
be adapting itself to the chemotherapeutic remedies,
including antibiotics. This might explain the decrease
in complications during the past 20 years (Scham-
berg, 1956). It has been suggested also that the

1 See the note on page 386 of this issue.

incubation period may be lengthening (Wesener et
al., 1953; Lodin, 1955, 1956a; Tottie, 1956), although
agreement is not general on this point (Haro &
Piitiali, 1957; and Carpenter, page 321). The
reported incubation is still well within the limits
determined in human experimental infections
(Mahoney et al., 1946).
Another question is whether gonococci can trans-

mute into pleuropneumonia-like organisms (PPLO)
under adverse conditions and thereby become
penicillin-resistant (Schamberg, 1956; Carpenter,
page 321). Certainly L-forms have been noted in
cultures of the gonococcus (Brown & Hayes, 1942;
Dienes et al., 1940) but no reversion to the original
form on transfer to fluid media has been noted
(Schamberg, 1956).
The presence of PPLO in many cases of non-

gonococcal urethritis has increased the interest in
this matter. In recent years the tendency has,
however, been to regard PPLO (although probably
genitally transmitted) as having but an accidental
association with gonococcal and non-gonococcal
urethritis (see Carpenter, page 321). Of greater
importance is the current emergence of strains of
gonococci which appear to be less susceptible to
antibiotics than before.

SENSITIVITY OF THE GONOCOCCUS
TO THERAPEUTIC AGENTS

Experience with sulfonamides
The fate of the sulfonamides, whose dramatic

entry into the treatment field in 1936-37 revolu-
tionized the therapy of gonorrhoea, has not been
forgotten by venereologists. When these substances
were first used some strains of gonococci were
resistant to the sulfonamide concentrations which
could be maintained within the toxic limits of
human tolerance for these drugs, and about 10% of
patients failed to be cured. In time resistance
became widespread as the more susceptible strains
were eliminated and the more resistant strains were
disseminated. The strains resistant in vitro could
clearly be correlated with the observed clinical
failures (Carpenter et al., 1944; Love & Finland,
1955). The resistance was unevenly distributed.
Sulfonamides were still curing gonorrhoea in
London in 1944, for example, when they were
effective in only 25% of cases in Italy (Campbell,
1944), when penicillin so providentially became
available. Five years later sulfonamides cured only
15% of the cases in London (Dunlop, 1949).
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Strains of gonococci which are partially resistant
to sulfonamides will in time become more suscep-
tible again (Marcuse & Hussels, 1954). Certainly the
sensitivity of " circulating " strains of gonococci to
sulfonamides has been, at least partially, restored
through the years (Love & Finland, 1955; Cradock-
Watson et al., 1958; Thayer et al., 1959). Today it is
reported that gonorrhoea will again respond cli-
nically to sulfonamides (Henderson, 1958).
That a similar development may occur in respect

of penicillin has been constantly in the minds of
responsible workers since the antibiotic was first
introduced into treatment of gonococcal infections.

Experience with penicillin

Different strains of gonococci vary widely in their
susceptibility to penicillin. This was noted early
(Cohn & Seijo, 1944), as was the fact that the resist-
ance of the gonococcus could be increased 20- to 70-
fold in the laboratory by repeated subcultures con-
taining penicillin (Mills, 1949).

In 1945 Lankford studied gonococcus cultures
from 100 female patients and found no naturally
resistant strains; it was considered that penicillin
resistance in man might play a minor role in gono-
coccal infections. Hawks & Greey (1948) in Canada
found no signs of changing sensitivity of the gono-
coccus in an 18-month period following the introduc-
tion of penicillin. This was in agreement with the
findings of other workers (Kenedy & Alfoldy, 1947).

In 1949 Cohn et al. reported on patients who first
failed to respond to penicillin, and then responded
clinically to higher doses of the drug. It was con-
cluded that no true penicillin resistance existed.
There was a wide strain variation, and it was agreed
that this was one of the factors responsible for the
need for a larger dose of penicillin. The relative
resistance of the strains could not, however, be
related to the clinical failures in this series.

In 1950 Gocke, Wilcox & Finland tested the
sensitivity of the gonococcus to eight different anti-
biotics. An apparent increase of resistance of the
gonococcus to penicillin was noted in 1949 as com-
pared with 1947. Two factors were suggested to
explain this-namely, (a) the different constitution
of penicillin preparations prior to 1947; and (b) dif-
ferences in methods of assay used on each occasion.

In 1955 Love & Finland made a further analysis
of strains isolated during 1953-54. No significant
change in the proportion of the less sensitive strains
was observed, and it was stated that no authentic
report of a penicillin-resistant gonococcus existed

(Finland, 1955). Similar scepticism was expressed
in Scandinavia (Lodin, 1956b).

In 1957 Thayer et al. (1957b), testing 31 female
strains, reported a mean penicillin sensitivity of
0.052 units/ml. This was 1.5-10 times greater than
in any American series previously reported (see
Table 3). The mean sensitivity was lower in failing
patients. However, it was felt that the usual dose of
PAM would kill gonococci with sensitivities of
0.005-0.2 units/ml as found in this series, provided
that the penicillin was in contact with the gonococ-
cus. It was suggested generally that an important
reason for failures might be the inability of penicillin
to reach the organism.
Meanwhile an increasing number of failures to

repository penicillin had become apparent in some
parts of the world, notably in London (Willcox,
1958), when it was observed that previously success-
ful doses of penicillin were now being more fre-
quently associated with persistence or relapse of
infection (King, 1958). It was then shown in two
London centres that there was a correlation between
the cases where gonococci were observed to be least
sensitive before treatment, on the one hand, and the
incidence of subsequent treatment failure (Curtis &
Wilkinson, 1958; Cradock-Watson et al., 1958) on
the other.
The mean inhibitory concentrations obtained at

the two London centres agreed closely with those of
Thayer et al. in the USA. At one centre, strains
requiring 0.128 units/ml or above were encountered
in 38 of 200 strains tested, whereas at an earlier date
this was noted in respect of only 5 of 1012 strains
tested (see Table 3). Similarly, in the USA, it has
been reported that from 1944-54 386 strains of
gonococci ranged in susceptibility to penicillin from
0.002-0.333 units/ml. Only two strains required
0.100 units/ml or more to inhibit growth. Since 1954
the susceptibility range has been 0.005-0.20 units/ml
with approximately 20% requiring 0.10 units/ml or
more. The problem cases have usually fallen in the
latter group.'
A major difficulty in the comparison of data in

different laboratories in the same or other countries,
and year by year, is the lack of standard methods and
reagents. There are difficulties also in the evaluation
of sensitivity tests resulting from the fastidious
growth requirements of the organism (see Carpenter,
page 321). This adds to the importance of the
findings in Denmark by Reyn et al. (1958), who

1 See the note by Brown on page 386 of this issue.
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TABLE 3
PENICILLIN SENSITIVITY OF N. GONORRHOEAE

Source of data Year Country T Strains Range Mean

~~~~~units/mileaLankford (1945) 1944 USA 100 0.005-0.025 0.013

Love & Finland (1955) 1945 USA 24 0.002-0.008 0.005

Love & Finland (1955) 1947 USA 104 0.002-0.033 0.008

Love & Finland (1955) 1949 USA 52 0.005-0.333 0.033

Love & Finland (1955) 1954 USA 106 0.002-0.033 0.008

Thayer et al. (1957a) | 1956 USA 31 0.003-0.200 0.052

Curtis & Wilkinson (1958) 1957-8 UK 302 0.004-0.500 0.058

Cradock-Watson et al. (1958) 1957 UK 200 0.008-0.512 0.059

were able to compare the penicillin sensitivity of
strains of gonococci isolated in 1957 with other
strains stored in a freeze-dried state since 1944.
Those isolated in 1957 were shown to have a higher
preponderance of less sensitive strains than those
isolated in 1944.
There would thus appear to be a trend in some

areas towards the emergence of strains of gonococci
which are relatively less sensitive to penicillin than
others. Whether this is due-as seems likely-to
the selective multiplication of the less sensitive
strains, or to the development of mutants with new
metabolic characteristics, is not definitely known.'
All are agreed, however, that some strains of gono-
cocci are now in circulation which the current
routine treatment-schedules may not affect. It is
likely that these strains will be further disseminated
in the years to come.
There are now many antibiotics other than

penicillin being used to cure gonorrhoea. This fact
has probably contributed to the relatively slow
emergence of the present situation. Penicillin has
now been in use for 16 years, whereas the sulfo-
namides began to be ineffective after less than 7 years.
The current situation in regard to penicillin therapy

1 World Health Organization (1959) Report on the First
World Health Organization Venereal Disease Control Seminar
of the Western Pacific Region, Japan, 17-29 March 1958,
Manila (WHO unpublished document WPR/VDT/48).

is still better than when sulfonamides were first
introduced, in view of the fact that some clinically
resistant cases already existed initially. Today cases
failing to respond to routine treatment with penicillin
can still usually be cured with this drug provided that
a sufficiently high penicillinaemia is maintained for
sufficient time. Moreover, the declining sensitivity
of the gonococcus to penicillin has still apparently a
patchy distribution. The problem so far has been
of greater apparent concern in Europe than in the
USA-a fact which may be due to the greater dosage
of penicillin previously used in the USA.2 The
problem has been felt acutely in London, and to a
lesser extent in Birmingham, but has been less marked
in other parts of the United Kingdom (e.g., Newcastle
or Portsmouth) (Lancet, 1958).

It would be incorrect to assume that the curve
picturing the development of the resistance pheno-
menon should necessarily follow a straight line.
A sharply rising curve was noted with the sulfo-
namides (see Table 4). However, while the evidence
presented suggests that there is an emergence of less
sensitive strains, it cannot be considered conclusive
until investigations have excluded other possible
causes of failure which have been listed, and until
the enhanced penicillin resistance has been demon-

sSee the note by Brown on page 386 of this issue.
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TABLE 4
EMERGENCE OF RESISTANCE TO SULFONAMIDES a

Period Cultures No-eitn'Rssat Percentage
tested Non-___ _ _ _ resistant

May-October 1942 46 39 7 15.2

November 1942 - January 1943 45 33 12 26.7

February-April 1943 69 46 23 33.3

May-July 1943 54 22 32 59.3

a Data from Carpenter et al. (1944).

trated in vivo (for further information on this
subject see article by Carpenter on page 321).

IDEAL TREATMENT OF GONORRHOEA

Introduction
The situation in which an increasing incidence of

gonorrhoea occurs in several countries, while at the
same time there is a deterioration in the results of
therapy and an apparent tendency for less sensitive
strains of gonococci to emerge, is disquieting from a
public health viewpoint. It raises the question of
what treatment should be recommended for the
future. The answer to this is sought by health
workers in many countries; the matter was con-
sidered at the First World Health Organization
Venereal Disease Control Seminar in Tokyo in
1958, and was referred to the Expert Committee on
Venereal Infections and Treponematoses.1

There has been general agreement by those
reporting the situation (Cradock-Watson et al., 1958;
Curtis & Wilkinson, 1958; Reyn et al., 1958; Willcox,
1958) that the treatment and treatment schedules
previously used might be altered.
The alternatives are:
(a) increased doses of repository penicillins by

injection;
(b) use of short-acting penicillins by injection;
(c) use of mixed penicillins by injection (rapid-

and long-acting);
(d) use of oral penicillins;
I World Health Organization (1959) Report on the First

World Health Organization Venereal Disease Control Seminar
of the Western Pacific Region, Japan, 17-29 March 1958,
Manila (WHO unpublished working document WPR/
VDT/48).

(e) use of other antibiotic (or chemotherapeutic)
substances;

(f) use of mixed antibiotic (or chemotherapeutic)
substances.

Unfortunately there is a paucity of fundamental
data concerning the time-dose relationship of
penicillin in gonorrhoea. Curtis & Wilkinson (1958)
have suggested that a serum level of 1 unit/ml for
not less than 24 hours is required if a suitable
preparation of penicillin could be devised. On the
other hand, Garson (1957) considered that 0.35
units/ml was sufficient, but suggested an exposure
time of the gonococcus to the drug of 48 hours, on
the basis of in vitro findings which suggested that
the full gonococcicidal action of penicillin might not
occur for 48 hours (Thayer et al., 1957b).

It has been stated that a deliberate technical policy
of changing from one remedy to another in selected
areas at agreed intervals might help to preserve the
efficacy of the therapeutic agents; much more
information would, however, be required before such
a plan could be advocated with confidence (Lancet,
1958).

Increased doses of repository penicillins

In addition to curing gonorrhoea, long-acting
penicillins such as PAM, benzathine penicillin and
benethamine penicillin have certain epidemiological
advantages. They prevent re-infection on exposure
to the original or another infectious source, and
leave time for contact-finding and treatment (indeed
one of the recent case-finding techniques-" speed
zone epidemiology "-is predicated on this quality).
Such long-acting preparations are also helpful in the
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curing of concomitantly acquired (incubating)
syphilis. They have thus been thought to be of value,
particularly in persons frequently exposed to infec-
tion-for example, prostitutes (Durel & Roiron,
1959).

It has, for epidemiological reasons, been the
practice in many areas to treat female contacts with
long-acting penicillins (Nelson, 1957). Benzathine
penicillin has been used for this purpose, and by thus
reducing the re-infection rate a fall in incidence of
the disease has been claimed (Takos et al., 1957).
But it is now admitted that a number of strains have
a sensitivity which fails to 0.6 mega-units of this
preparation given intramuscularly (Garson, 1957).
Even with large doses of benzathine penicillin (e.g.,
2.4 mega-units) it has been concluded that, while this
may provide a penicillinaemia for 50 or more days
sufficient to kill 95% of all strains, it is not sufficient
for the most resistant ones (Schamberg et al., 1958).
Benzathine penicillin fortified by PAM has con-
sequently been tried in some areas (Hookings &
Graves, 1956; Landman et al., 1958), and has been
found to reduce case incidence.'

Recently, in the USA, higher minimal doses of
repository penicillins have been recommended;
namely, 0.6-1.2 mega-units of PAM or of benzathine
penicillin for males, and 1.8 mega-units of either
product, or a mixture containing 0.6 mega-units of
PAM plus 1.2 mega-units of benzathine penicillin,
for females (Garson & Thayer, 1958). In females,
failure rates of 16.8% (United States Department of
Health, Education, and Welfare, Public Health
Service, 1957) and 24.4% (Garson, 1957) with 0.6
mega-units of PAM, have been reduced to 3.8%
(United States Department of Health, Education,
and Welfare, Public Health Service, 1957) and 4.6%
(Garson, 1957) when the dose was increased to 1.8
mega-units.

In current practice most United States clinics are
using 1.2 mega-units of PAM for both sexes. The
most recent recommendations allow, however, for
1.8 mega-units.' The formulation of these recom-
mended minimal schedules in the USA admits that
higher doses are required in females-an opinion
which has wide acceptance (Williamson, 1957). But
even so it is noteworthy that single injections of
0.6-1.2 mega-units of both PAM and benzathine
penicillin are of late apparently ineffective in London,
even in males (Willcox, 1958).
Another long-acting penicillin (phenoxymethyl

penicillin V) has been shown to give failure rates of
1 See the note by Brown on page 386 of this issue.

22%-33O% with 300000 units and 3%-12O% with
double this amount (United States Department of
Health, Education, and Welfare, Public Health
Service, 1958).
The disadvantage of long-acting preparations,

with gradually declining penicillinaemia over con-
siderable periods of time, is that they might con-
ceivably encourage the further spread of less sensitive
strains (Curtis & Wilkinson, 1958).

Use of short-acting penicillins

Workers in London, impressed with the need of
higher penicillinaemia than has previously been con-
sidered necessary in both sexes, have considered that
the quicker- and shorter-acting procaine penicillin
should be used in single or double doses each of
0.6-1.2 mega-units in preference to repository
preparations (e.g., Cradock-Watson et al., 1958;
Curtis & Wilkinson, 1958; Willcox, 1959). While
better results are obtained in the individual patient,
it is also considered that the fostering of less sen-
sitive strains in the community is probably reduced,
as is the risk of producing asymptomatic carriers.
On the other hand the abandonment of repository

preparations entails the loss of considerable epi-
demiological advantages in contact-tracing work
with a risk of even further numbers of cases occur-
ring (Guthe, 1958; Durel & Roiron, 1959). It is also
possible that an additional recrudescence in the
numbers of cases of early syphilis might occur, such
as has indeed recently been reported in some
countries. For these reasons some prefer the use
of mixed penicillin preparations. Moreover, there is
possibly a greater risk of serious sensitivity reactions
to penicillin with quicker-acting than with shorter-
acting preparations (Guthe et al., 1958).

Use of mixed penicillins

A number of mixed penicillin preparations are on
the market, including so-called "all-purpose"
penicillins containing 300 000 units of aqueous
penicillin G, 300 000 units of procaine penicillin G,
and 600000 units of benzathine penicillin. These
provide a high initial penicillin concomitant which
should overcome the majority of the less sensitive
strains of gonococci (Garson, 1957). These prepara-
tions also retain the advantages of the " epidemio-
logical tail ". Good results can be obtained with 1.2
mega-units of such a mixture (Sleath & Nelson, 1956;
Wherritt et al., 1956)-substantially better, in fact,
than with PAM alone in areas where the efficacy of
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penicillin appears to have deteriorated.' Never-
theless, even with such mixtures some failures still
occur (Willcox, 1958). They have the disadvantage
of possibly encouraging the dissemination of less
sensitive strains of the gonococcus when patients
with prolonged low penicillinaemia re-expose them-
selves to infection.
There is thus conceivably a need for more appro-

priate mixtures of short- and long-acting penicillin
preparations than are at present available in the
treatment of gonorrhoea.

Use of orally administered penicillins
Given orally, penicillin is not only more expensive

but its degree of absorption is much more uncertain
than when given by injection. There is also the
uncertainty whether the penicillin tablets are actually
ingested by the patient when prescribed for use out
of the physician's sight. Injection is therefore pre-
ferred, except in the case of the occasional individual
patient who is afraid of the needle.

Several penicillin preparations have been used
orally and good results have been reported, par-
ticularly with phenoxymethyl penicillin (Sheil, 1956;
Rajam et al., 1958; Willcox, 1958). Their general
use may, however, affect the sensitivity situation
since the relatively low penicillinaemia which follows
might have an adverse effect. On the other hand
phenoxymethyl penicillin might be used to " boost"
serum levels if given in addition to injections of
penicillin.

Use of other antibiotics
(a) Streptoniycin. Although gonorrhoea responds

to single injections of 0.5-1.0 g of streptomycin
(Lodin, 1956a) there have been increasing failure
rates also with this drug (Alergant, 1958; and see
Table 5). Cases have been reported which have been
completely resistant to streptomycin (Ryan, 1952;
Zierz & Jacob, 1954; Artemev & Gadzhiev, 1956;
Davey, 1957).

In France, streptomycin has been in general use
against gonorrhoea for many years in preference to
penicillin, on the assumption that there was a greater
danger of masking syphilis with the latter. It is also
preferred to procaine penicillin as it is better tolerated
(Durel & Roiron, 1959). The dose now recom-
mended is 2.0 g (Durel & Roiron, 1959).

1 World Health Organization (1959) Report on the First
World Health Organization Venereal Disease Control Seminar
of the Western Pacific Region, Japan, 17-29 March 1958,
Manila (WHO unpublished working document WPR/VDT
48).

TABLE 5
INCREASING FAILURE RATES TO STREPTOMYCIN

(MALE CASES TREATED WITH 0.5 g) a

Failures
Year Number treated

Number Percentage

1954 215 5 2.5

1955 231 12 4.9

1956 241 17 7.0

Totals 687 34 4.9

a Data from Alergant (1958).

In areas where streptomycin has not been widely
used there has been no obvious deterioration in the
results of treatment (Willcox, 1958), and no increasing
resistance to streptomycin was noted in the labora-
tory in Copenhagen between 1944 and 1957 (Reyn et
al., 1958).

Streptomycin has the advantage of being relatively
inexpensive, although it is more costly than penicil-
lin; it can also be given by a single injection. On the
other hand it is likely that its widespread use would
result in a preponderance of relatively resistant
strains of gonococci to this antibiotic also (King,
1958).

(b) Other antibiotics. In 1958 there were 17
antibiotics other than penicillin commercially avail-
able in the USA, of which 9 were effective in gono-
rrhoea. None was considered to be a serious com-
petitor to penicillin from the viewpoints of mode of
administration, dose, toxicity, side-effects or cost
(Garson & Thayer, 1958). It should be noted that
sensitivity reactions are encountered less frequently
in gonorrhoea than in syphilis patients, possibly
because the former usually belong to a younger age-
group (Willcox & Fryers, 1957). In the USA, 2.41
and 22.37 such reactions per 1000, respectively, have
been encountered (United States Department of
Health, Education, and Welfare, Public Health
Service, 1957).
Love & Finland (1955) tested gonococci to 11

antibiotics and sulfonamides. Weight-for-weight,
penicillin was the most active, followed by erythro-
mycin (Gable et al., 1953), the tetracyclines, chloram-
phenicol, carbomycin and then by streptomycin,
neomicyn and bacitracin. Polymyxin B showed the
least activity. As streptomycin, which appears low in
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TABLE 6
ANTIBIOTICS OTHER THAN PENICILLIN IN THE TREATMENT OF GONORRHOEA IN MALES a

I__ Percentage
Antibiotic b Dose (g) Year Treated Followed Rce Fail failingInfection of those

followed

Streptomycin 0.5-1.0 1951 62 52 6 5 9.6

Streptomycin 0.5-1.0 1956 109 88 6 11 12.5

Oxytetracycline 2.0 1952 202 170 7 16 9.4

Spiramycin 2-4 1956 54 47 4 6 12.8

Erythromycin 2.4 1955 50 42 2 6 14.3

Oleandomycin 2.0 1959 51 47 | 7 16 34.0

Novobiocin 2-12 | 1956 | 27 27 [ 4 | 11 40.7

a Data from Willcox (1958).
b Streptomycin given by single injection, the remainder given orally in a single dose or In two

dcss 6 hours apart, or spread over 2 days.

the list, will cure gonorrhoea in a single injection it
is evident that there are many alternatives to
penicillin.

In addition to the above, other effective antibiotics
include spiramycin (Willcox, 1958); in suitable doses,
oleandomycin (Marmell & Prigot, 1957a); the
Russian antibiotic Syntomycin (Nyunikova, 1956);
and Kanamycin (Welch, personal communication,
1959). Of little or no value have been considered
Albomycin (Gause, 1955), cycloserine (Herrold et
al., 1955), novobiocin (Willcox, 1958), and carbo-
mycin given intravenously (Whitaker et al., 1953).
Good results have also been obtained with the newer
tetracycline phosphate complex given orally (Schultz
& Shaffer, 1958).
No change as regards the sensitivity of the

gonococcus to tetracyclines was noted in the labo-
ratory between 1944 and 1957 (Reyn et al., 1958).
It has been observed that the gonococcus may
develop resistance in vitro to oleandomycin.1
In spite of these indications that " strategic

reserves" are available in the treatment of gono-
rrhoea, there is still a need for the development of a
suitable injectable preparation which will provide
sufficiently high as well as prolonged serum levels,

t See the note by Brown on page 386 of this issue.

and which is not systemically or locally toxic. This
is required not only as a further re-3en e fc r the treat-
ment of gonorrhoea but for patients with both
gonorrhoea and syphilis who are allergic to peni-
cillin. Although the currently available injectable
preparations of tetracyclines may cure 87.5% of
cases of gonorrhoea in single injections (Braff et al.,
1956), with even better results apparently being
obtained by multiple injections (Perkins et al., 1955),
these injections are at present painful, producing
extreme local discomfort (Perkins et al., 1955) in
many instances.
Of other injectable preparations, chloramphenicol

given intramuscularly has produced good results
in gonorrhoea (Robinson & Wells, 1952; Ranade
et al., 1956) but the haemopoietic complications of
this drug have precluded its widespread use. The
results of treatment of gonorrhoea with antibiotics
other than penicillin are shown in Table 6.
The toxic and other side-effects of antibiotics other

than penicillin are shown in Table 7 (Martin et al.,
1959).

Use of antibiotic mixtures
One theoretical method of combating resistance is

the use of combinations of antibiotics or drugs
(Pulaski & Baker, 1949). Streptomycin/penicillin
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combinations have been successfully used in the
USSR (Mikhailov, 1957) and elsewhere. They are
more commonly employed in the treatment of com-
plications (Durel & Roiron, 1959). Tetracycline-
oleandomycin combinations have also been used

(Marmell & Prigot, 1957b), as have penicillin
(Johnson et al., 1951), chloramphenicol (Pueyo &
Mejias, 1952), erythromycin (Marmell et al., 1955)
and tetracycline (Laqui et al., 1957), each in con-
junction with sulfonamides.

RtSUMt

L'echec du traitement de la blennorragie par la peni-
cilline, particulierement les preparations-retard, est signale
de plus en plus frequemment dans diverses regions, malgre
l'augmentation des doses therapeutiques.

Diverses causes possibles de ces echecs sont passees
en revue dans cet article. I1 peut s'agir d'erreurs de
diagnostic, souvent de reinfections. La persistance de
l'infection peut resulter du fait que la penicilline ne
parvient pas au foyer infectieux en concentration suffi-
sante pour tuer les gonocoques, ce qui se produit par
exemple si l'on administre de faibles doses de penicilline-
retard. I1 se peut aussi que des differences anatomiques
et physiologiques entre hommes et femmes, favorisant
la persistance du gonocoque chez celles-ci, et la destruction
de la penicilline par la penicillinase ou des substances
analogues, empechent l'action de l'antibiotique it con-
centration suffisante.

L'auteur fait etat de donnees montrant que des
souches de gonocoques sont devenues plus resistantes a
la penicilline dans certaines regions. Mais la diversite des
reactifs, des techniques de titrages employees dans l'ana-
lyse de la sensibilit6 du gonocoque a la penicilline, et les
differences de composition des preparations de peni-
cilline, ont fait obstacle a l'evaluation comparative de la
sensibilite du gonocoque, dans diverses regions et au
cours des annees.
Le manque de techniques uniformes est une grave

lacune 'a combler, afin de suivre, sur le plan national et
international, l'evolution de la sensibilit6 du gonocoque

A la penicilline. I1 y aurait lieu egalement d'e1iminer
toute autre source d'erreur dans cette evaluation, et de
demontrer in vitro l'augmentation de la resistance, avant
de conclure a une baisse de sensibilite du gonocoque.
Quel type de traitement de la blennorragie recommander
A l'avenir?

II semble que l'on ait A choisir entre l'adminis-
tration de doses plus fortes de preparations-retard, celle
de preparations A action plus rapide, et celle d'autres
antibiotiques. Le prix des autres antibiotiques, exception
faite de la streptomycine, s'oppose A la generalisation de
leur emploi. Le choix reste donc entre les deux premieres
possibilites. Si l'on s'en tient aux preparations-retard de
penicilline, les souches de gonocoques A faible sensibilite
risqueront de continuer A se multiplier. Si l'on emploie
en revanche des preparations A action plus rapide
penicilline, streptomycine, ou melange de ces deux anti-
biotiques A action rapide- les infections gonococciques
risqueront de devenir plus frequentes, ainsi que les infec-
tions syphilitiques, peut-etre.

I1 y a lieu, en general, d'examiner separement le
probleme du traitement de la blennoragie chez l'homme
et chez la femme, et plus specialement encore lorsqu'on
observe un accroissement de la proportion des echecs
avec la penicilline-retard dans une region ou la syphilis
pose un probleme de sante publique. I1 convient aussi
d'examiner, de ce point de vue, l'opportunite de l'adminis-
tration de penicilline-retard aux prostituees, que ce soit
A titre preventif ou curatif.
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