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TABLE 2
QUANTITATIVE PAPER CHROMATOGRAPHIC

ANALYSIS OF AMINO-COMPOUNDS IN ENDOTOXINSa

Amino- R N. gonorrhoeae r E. coli 08
compound F 97 endotoxin endotoxin

X b 0.05 2.00 0.30

a, e-Diamino-
pimelic acid 0.08 -c 0 d

Aspartic acid 0.11 0 d 0.20

Glutamic acid 0.15 0.25 0.24

Y 0.24 -d_c

Z 0.26 0 d - c

Glycine 0.31 0.74 0 d

Alanine 0.48 0.53 0.58

Glucosamine 0.55 13.80 e 5.90f

Phenylalanine 0.64 0 d - c

Ethanolamine 0.72 3.16 0.73

a All values are given in percentages.
b The values for X are based on the glutamic acid calibra-

tion curve.
c - indicates presence of compound in trace quantities.
d 0 indicates absence of compound.
e Previously reported by Tauber & Garson (op. cit.).
f Previously reported by Westphal & Luderitz (1954) Angew.

Chem., 66, 407.

butyric acid, arginine, cysteine, cystine, histidine,
hydroxyproline, isoleucine, leucine, lysine, methio-
nine, ornithine, proline, tryptophane and valine.
Nor were the amines asparagine, glutamine and
necrosamine present.

Two endotoxin preparations-namely, those of
N. gonorrhoeae 97 and E. coli 08-were selected
for a quantitative study. Studies concerning
lipopolysaccharides had previously been limited to
qualitative observations only because the amino-
acids were considered " impurities ". Quantitative
data concerning the amino-compounds in N. gonor-
rhoeae 97 endotoxin and E. coli 08 endotoxin are
given in Table 2. Both endotoxins were prepared by
the phenol method. There are marked differences
between the N. gonorrhoeae 97 material and the
E. coli 08 material. The E. coli 08 endotoxin contains
neither a,E-diaminopimelic acid nor glycine and
much less of all the other amino-compounds than
the N. gonorrhoeae 97 preparation. N. gonorrhoeae
lipopolysaccharide contained 3.30% nitrogen and
22.18% assayed amino-compounds containing 2.47%
nitrogen. E. coli 08 endotoxin contained 1.00%
nitrogen and 7.97% assayed amino-compounds
containing 0.77% nitrogen. The amino-acids prob-
ably form a link between the several components
(lipids, saccharides, amino-sugars, etc.) of the giant
endotoxin molecule. D-Glucosamine, glucose and
galactose were the only carbohydrates found to be
present in N. gonorrhoeae 97 endotoxin.
The lipid moiety of N. gonorrhoeae endotoxin is

almost all firmly bound lipid. Only a small portion
could be removed by refluxing with organic solvents.
Fatty acid ester groups in the lipopolysaccharide
endotoxins were determined by a new method, which
uses the hydroxamic acid reaction as an assay pro-
cedure.c

c Tauber, H. (1960) Fed. Proc., 19, 245.

The Status of Gonorrhoea in the USA and Current Problems
in its Control*

by WILLIAM J. BROWN, Chief, Venereal Disease Branch, Communicable Disease Center,
Public Health Service, tJS Department of Health, Education, and Welfare, Atlanta, Ga., USA

The gonorrhoea control programme in the United
States of America following the Second World War

" The year ended 30 June 1944 may eventually come
to be regarded as one of the most significant in the history

* Note submitted to the WHO Expert Committee on
Venereal Infections and Treponematoses, September 1959.

of venereal disease control. Preliminary reports on large
scale research in the use of penicillin for treatment of
both gonorrhea and syphilis conducted during the year
indicate that a therapeutic weapon may be in the process
of development which if applied on a sufficiently large
scale could bring the virtual eradication of venereal
disease as a major public health problem."
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THE STATUS OF GONORRHOEA IN THE USA

This statement was contained in the Annual
Report of the Surgeon General of the United States
Public Health Service for the fiscal year 1944.

In that year 301 000 cases of gonorrhoea and
78 000 cases of primary and secondary syphilis were
reported by clinics and private physicians in the
USA. However, by 1947, the reported number of
cases of syphilis and gonorrhoea had risen by about
one-third (gonorrhoea jumped to 401 000, primary
and secondary syphilis to 107 000). This was the
post-war year in which gonorrhoea, as well as
syphilis, reached its peak.
The diagnosis of gonorrhoea, particularly in the

female, has been and remains one of the major
problems in venereal disease control. Treatment of
males on clinical grounds alone was the rule, but
it was not until the early 1950's that the practice
of giving epidemiological treatment for gonorrhoea
became widespread in the USA, and even today
this is not an accepted practice in all States. Epi-
demiological treatment resulted from a series of
events which made good culture procedures practi-
cally unavailable. Rapid-treatment centres, where
laboratory services were available, were closed and
out-patient therapy was substituted for in-patient
care; at the same time Federal funds were drastically
reduced, which in turn curtailed services provided
by State laboratories.
The recommended treatment for gonorrhoea in

the early post-war years was 200 000 units of aqueous
penicillin or 300 000 units of penicillin in oil and
beeswax. About the time that procaine penicillin in
oil with 2% aluminium monostearate (PAM)
became available, concern over simultaneously
acquired infections was developing, so the dosage
for gonorrhoea was increased to 600 000 units to
abort incubating syphilis. This remained the re-
commended schedule for males with uncomplicated
gonorrhoea even as late as 1958.
The most productive and economical approach

to venereal disease case-finding has been the inter-
viewing of infected patients for their sexual contacEs
during the critical period of their infections, and
bringing these contacts to examination and treat-
ment. However, gonorrhoea has been, and is, con-
sidered in the USA of secondary importance to
syphilis. In most areas the time devoted to contact
interviewing and investigation of gonorrhoea cases
has been regulated by the volume of early syphilis
cases.

According to available data there have been note-
worthy increases in the effectiveness of interviewing

and investigation as research and development have
been applied. Trained interviewer-investigators
employing well-developed techniques have been
largely responsible for the effectiveness of this
epidemiological approach. The figures available for
1958 indicate that 116 000 patients with gonorrhoea
were interviewed and 138 000 contacts elicited (a
contact index of 1.19). Of the named contacts
70% were brought to examination. In comparison
with figures that are available for the period immedi-
ately after the Second World War this represents a
50% increase in the national contact index and a
10% increase in the brought-to-examination rate.
The effect of the gonorrhoea control programme

following the Second World War-which may be
summarized as treatment with 200 000 to 300 000
units (maximum 600 000 units) of penicillin, contact
interviewing and investigation as time permitted,
with little or no epidemiological treatment-on the
reduction of reported cases is shown on the accom-
panying figure. A comparison of infectious syphilis
and gonorrhoea indicates a high degree of correla-
tion between the two from 1944 to 1947, the post-
war adjustment period. Between 1947 and 1958,
however, infectious syphilis morbidity decreased by
94 %; the reduction in gonorrhea morbidity over the
same period was only 45 %.

Present scope of the gonorrhoea problem
In spite of the most effective therapy yet known,

improved case-finding techniques and modern
research, there are still over 220 000 cases of gono-
rrhoea reported annually in the USA. Gonorrhoea
ranks third among reported notifiable diseases, being
exceeded only by such largely childhood diseases as
measles and scarlet fever and streptococcal sore
throat.
The number of reported cases of gonorrhoea,

however, is a mere fraction of the true incidence of
the disease-the number of new infections occurring
annually-which is almost impossible to estimate.
The number of gonorrhoeal infections diagnosed and
treated can be determined with reasonable accuracy,
however, and the estimate for 1958 is between
600 000 and 700 000 cases.
Two major problems in the control programme

are the number of untreated and self-treated indivi-
duals. In many areas of the country penicillin and
other drugs are easily obtainable without a prescrip-
tion. As a result, many infected persons treat them-
selves and so are not reported. Public health officials
are of the opinion that these cases constitute a
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CASES OF GONORRHOEA AND OF PRIMARY AND SECONDARY SYPHILIS REPORTED TO THE US PUBLIC
HEALTH SERVICE FOR THE FISCAL YEARS 1944-58

1944 1945 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958
Fiscal Year

sizeable segment of the total number of gonorrhoea
cases which occur.

In 1940 public clinics and private physicians
reported approximately equal numbers of cases of
gonorrhoea, but by 1952 the cases reported by private
physicians made up only 14% of the total. This
decrease undoubtedly reflects the shift in cases,
resulting from ease and efficacy of penicillin treat-
ment, from specialists to general practitioners who
are little concerned with case-reporting since a

diagnosis confirmed by laboratory methods is
rarely made. For example, in one State only about
4% of the specimens sent to the State laboratories
for gonococcal cultures are submitted by private
physicians and most of these are of female origin,
probably representing problem cases.

These factors-under-reporting by private physi-
cians, self-treatment, and untreated infections-lead
us to believe that the true incidence of gonorrhoea
in the USA is more than a million cases annually.

More than half of all gonorrhoea cases reported
are in persons under 25 years of age-children, teen-
agers, and young adults. The modal age at time of
infection is 18 years for females and 22 years for
males. Concern over the large number of children
and teenagers infected with a venereal disease has
led the Venereal Disease Branch of the Public Health
Service to initiate a research study of the character-
istics of teenage clinic patients in order to formulate
epidemiological and educational principles to be
used in the prevention and control of venereal
disease.
Although the penicillin era has not brought about

the reduction in incidence of gonorrhoea that has
universally been observed in the incidence of
syphilis, it has reduced to a minimum the complica-
tions and sequelae of gonorrhoea. A change in the
virulence of the gonococcus and the use of anti-
biotics in the treatment of other infections have been
suggested by some as possible explanations for the
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absence of complications, but the substitution of
penicillin for local treatment such as high-pressure
irrigations, with resultant trauma, would seem more
plausible.

Possible explanations for lack of success of control
programme

Fifteen years after the prediction that penicillin
"if applied on a sufficiently large scale could bring
the virtual eradication of venereal disease ", we
find that gonorrhoea is still one of the major public
health problems in the USA. There are many
factors which, singly or combined, could have
operated against the control of the disease.

First, there is ample evidence to indicate that the
recommended schedules of treatment were inade-
quate. More reliable results are obtained in the
male than in the female with available laboratory
procedures. For more accurate diagnoses and tests
of cure, evaluations of therapy have been limited
almost exclusively to male gonorrhoea, and re-
commended schedules of treatment have been based
on these findings. In a study conducted among
females in Columbia, S.C.,a however, it was found
that 16.8% had positive cultures three or seven days
following treatment with 600 000 units of PAM.
When the dosage was increased to 1 800 000 units,
the percentage with positive cultures dropped to
3.8. It was concluded from this study that 1 800 000
units of PAM are needed for an adequate rate of
cure of gonorrhoea in females. In this same vein,
the Memphis-Shelby County Health Department, in
Tennessee, sought some means of rendering males
incapable of reinfection long enough to cure female
contacts.b Both men and women were given 600 000
units of PAM plus 1 200 000 units of benzathine
penicillin G. A marked decline in the incidence of
male gonorrhoea followed. It was concluded that a
single injection of 1 200 000 units of benzathine
penicillin G produces a blood level sufficient to
protect a man from reinfection for at least 28 days
and allows time for satisfactory treatment of female
contacts.
The apparent need for increased dosage of peni-

cillin for the treatment of gonorrhoea suggests
another closely related factor-namely, less suscept-
ible gonococcal strains. In vitro studies of the

a Preston, J. M. & Dunsworth, W. P. (1957) J. S. C. med.
Ass., 53, 41.

b Hookings, C. E. & Graves, L. M. (1957) Antibiot. Ann.
1956-57, p. 311.

sensitivity of N. gonorrhoeae to penicillin conducted
in the USA failed to establish a trend towards absolute
resistance of the gonococcus. However, minimal
inhibitory concentrations of penicillin range from
0.002 to 0.333. unit per ml. The usual dosage of
600 000 units of benzathine penicillin G for gono-
rrhoea will attain a level only slightly higher than
0.2 unit per ml of serum for a short period near the
sixth hour after injection. Therefore, patients
infected with strains susceptible to a minimum of
0.2 unit per ml are potential treatment failures when
treated on such a 600 000-unit schedule.
A third and major factor in both the clinical and

control aspects of gonorrhoea is the difficulty of
diagnosing the disease in the female. The accepted
procedure of smears and cultures from appropriate
sites correlated with clinical data, according to
studies conducted by the Public Health Service,c
results in the diagnosis of only 50 %-75 % of females
having gonorrhoea. Infected females who are
examined but not diagnosed because of inadequate
laboratory tests are often later discovered to be
infected as a result of contact interviewing and
investigation, thus demonstrating that females are
capable of transmitting gonorrhoea despite the
failure of diagnostic procedures to detect the presence
of the gonococcus.
A further consideration is the under-reporting of

gonorrhoea by private physicians in the United
States of America. During the last decade the
proportion of gonorrhoea cases reported by private
physicians has shown little change in comparsion
with the proportion of primary and secondary
syphilis cases reported, which has increased sharply,
suggesting that the private physician is more remiss
in reporting gonorrhoea cases. The magnitude of
under-reporting of gonorrhoea is reflected in' the
ratio of males with gonorrhoea to males with primary
and secondary syphilis reported by private physicians
and public clinics. In 1958 public clinics reported
45 males with gonorrhoea for every male with
primary or secondary syphilis; while private physi-
cians reported only 18 males with gonorrhoea for
every male with primary or secondary syphilis. With
the shifting trend of venereal disease management
from public clinics to private physicians, the number
of unreported cases of gonorrhoea, particularly the
many unreported cases involving teenagers, is
arousing the serious concern of public health

c Van Slyke, C. J., Thayer, J. D. & Mahoney, J. F. (1942)
Amer. J. Syph., 26, 55.
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authorities in the USA. When these cases are not
reported to the health department, infected untreated
contacts continue to be major vectors in the spread
of the disease.

Contact interviewing and investigation, which are
credited with much of the success of the syphilis
control programme in the USA, have not been applied
to gonorrhoea as vigorously as to syphilis. As
pointed out previously, this phase of the gonorrhoea
control programme has been limited by the lack of
time and personnel. As a result, the interviewing of
female patients has been neglected, as it was theo-
rized that the clinical manifestations of gonorrhoea
would force the infected male to seek treatment. The
fallacy of this reasoning is illustrated by a current
study by the Fulton County Health Department,
Atlanta, Ga. (unpublished), in which some 30% of
127 male contacts elicited from 105 infected females
were brought to treatment with gonorrhoea pre-
viously undiagnosed and untreated. In another
unpublished study (by the Los Angeles City Health
Department), an extensive history was taken from
males admitted to clinics with gonorrhoea and it was
determined that symptoms were present for an
average of seven days before medical aid was sought.
Also the lack of more effective tests for the detection
and diagnosis of gonorrhoea has been a handicap,
for the epidemiologist is placed at a distinct dis-
advantage by inadequately diagnosed cases.
One very productive procedure in the syphilis

control programme has been the following up of all
reactive blood tests processed in laboratories. This
procedure has vastly increased the percentage of
diagnosed cases which are reported by private
physicians and has also made possible the inter-
viewing of many patients who would not have been
seen for this purpose previously. With gonorrhoea
this serological link between the health department
and the private physician provided by laboratory
reports of reactive tests is missing.

Outside the military services, no emphasis has been
placed on prophylactic measures to prevent infection.
No investigations have been conducted to determine
adequate acceptable procedures and in educational
programmes none has been recommended. It is felt
in some quarters that this omission has contributed
immeasurably to the lack of success of the gono-
rrhoea control programme.
The factors enumerated above are principally what

might be termed weaknesses in the control
programme. Perhaps of even greater import are
basic differences in the two diseases which have

favoured syphilis control and hindered gonorrohea
control. For example:

1. There is an obviously greater incidence of
gonorrhoea than of syphilis.

2. Gonorrhoea has a shorter incubation period.
3. There is an unknown but long duration of

infectiousness in the undiagnosed female with
gonorrhoea.

4. As far as known there is no natural immunity
of any significance acquired from having gonorrhoea.

5. Hence, rapid treatment allows a quick return
to a susceptible status.

Measures instituted to improve control
By 1952 complacency over the gonorrhoea control

programme had disappeared, and it was realized that
the control procedures must be strengthened if we
were to expect the reduction in gonorrhoea that was
observed in syphilis.
The first major step was the initiation of what has

been termed " speed-zone " epidemiology. Mahoney
and others d demonstrated that the incubation period
of experimentally acquired gonorrhoea in males has
a 31-day range, but that 85% of the infections pro-
duced clinical symptoms within six days. It was
reasoned, therefore, that the most productive targets
for epidemiological investigations would be sex
partners with whom male patients with gonorrhoeal
urethritis had had relations within a period beginning
six days prior to the onset of clinical symptoms and
ending at the time of appearance at the clinic; also,
that effective investigation of the patient's contacts
must be accomplished within 72 hours, the period of
protection against reinfection provided by PAM.
Twenty-three speed-zone epidemiology projects have
operated in nineteen cities for various periods of time
from 1952 to 1958. The ultimate objective-a
significant decline in male incidence-has not been
realized in most of these cities. However, where
600 000 units of PAM have been supplemented with
1 200 000 units of benzathine penicillin G to extend
the period of protection," a marked decline in
the incidence of male gonorrhoea has been reported.

Coincidental with speed-zone epidemiology, the
epidemiological activity reports were instituted.
These reports are submitted to the Public Health
Service by each State and by the individual investi-
gators on federally sponsored projects within each
State. A summary of these reports reflects the

cl Mahoney, J. F., Van Slyke, C. J., Cutler, J. C. & Blum,
H. L. (1946) Amer. J. Syph., 30, 1.
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emphasis which has been placed on interviewing of
gonorrhoea patients and investigation of contacts.
The present general policy is to interview male
patients only. In 1954, the first year these data were
available, 86% of males with gonorrhoea in clinics
were interviewed; by 1958 the percentage had
increased to 94. There was also a slight increase in
the contact index, from 1.14 to 1.19; and in the
number of contacts examined, from 64% to 70 %.
The greatest change during this four-year period was
in the number of patients treated on epidemiological
grounds-an increase from 24% to 44 %. However,
in 1958 there was still one in ten females known to
be contacts of males with gonorrhoea who was
diagnosed as not infected and discharged from the
clinic without prophylactic treatment. Until ade-
quate procedures are developed for diagnosing
gonorrhoea in the female or until epidemiological
treatment for all contacts of known cases of go-
norrhoea becomes the standard practice, such
females will remain potential sources of infection.
For a number of years the Venereal Disease

Branch has conducted interviewing schools in
Atlanta, Ga., Detroit, Mich., and Los Angeles, Calif.
The courses offered are of one to two weeks' dura-
tion and are attended by interviewers and investi-
gators, public health nurses, physicians from all
levels of government, and military personnel
assigned to venereal disease control activities.
However, many persons in local and State health
departments who are engaged in venereal disease
control have never had the opportunity to attend
one of these schools.

In line with the increased emphasis on contact in-
terviewing and investigation, a mobile interviewing
school was established in 1957 to carry the courses
directly to the local health department. This school
consists of one instructor, who utilizes a mobile
closed-circuit television system to give demonstration
and practice interviews. The subject matter offered
is flexible, depending upon the requirements of the
local health unit, with emphasis on interviewing
techniques. In the first two years of operation,
145 classes were conducted in 26 States and attended
by 3496 individuals, including interviewers, in-
vestigators, doctors, nurses and student nurses.
From experience gained through contact inter-

viewing and investigation has emerged a case-finding
procedure termed the " cluster technique ". In
addition to the examination of the sex contacts of
the infectious syphilis case, persons who move in the
same socio-sexual environment as the patient and his

contacts are also examined for syphilis. Although
used most successfully for syphilis, this technique is
also applicable to gonorrhoea. For example, in one
mid-western city health department personnel
noticed an increase in the number of male cases of
gonorrhoea and the fact that many of the males
were naming the same girl as a sex contact. It was
decided to interview females as well as males and
to use the cluster technique. In this single outbreak,
a total of 193 persons were involved, of whom 157
were examined and 104 found to be infected with
gonorrhcea.

Interviewing for contacts of gonorrhoea patients
has been limited, in general, to clinic admissions.
Intensive efforts are being made to obtain the co-
operation of private physicians in utilizing the
services of trained interviewers from the health
department for their patients with early syphilis. It
has been found that once the private physician's
confidence in the investigators has been established,
reporting and interviewing of his gonorrhoea patients
are a logical consequence.

In line with efforts to obtain greater private
physician participation in venereal disease control
programmes, a manual on procedures for isolation
and identification of the gonococcus e is made avail-
able to all physicians in the USA. Also the services
of the Venereal Disease Experimental Laboratory
for susceptibility testing of specimens are at their
disposal.

Case-finding programmes, other than by epidemio-
logical investigation of ccntacts of known infections,
are based on routine examinations of a particular
group. These surveys have never been developed
for gonorrhoea to any large extent owing to the
absence of a suitable laboratory test comparable
to the serological test for syphilis.
Two target groups that are examined in some

cities across the nation are jail inmates and prosti-
tutes. Prostitution, though illegal, continues to
present an important problem with the increasing
drug addiction associated with this group. However,
experience in New York City f indicates that the
promiscuous amateur has replaced the prostitute
as a major vector of gonorrhoea. Nevertheless

e United States Department of Health, Education, and
Welfare, Public Health Service (1957) Gonococcus: procedures
for isolation and identification, Washington, D.C., US Gov-
emnment Printing Office (Public Health Service Publication
No. 499).

f Rosenthal, T. & Vandow, J. (1958) Brit. J. vener. Dis.,
34, 94.
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prostitution needs continuous surveillance since
both prostitutes and jail inmates continue to have
high rates of infection.

Current information on treatment for gonorrhoea
indicates that most treatment facilities in the USA
are employing 1 200 000 units of PAM for both
males and females. However, schedules vary from
as little as 600 000 units of PAM for males to as
much as 2 400 000 units of benzathine penicillin G
for both males and females. The Public Health
Service recommends a minimum of 1 800 000 units
of penicillin for females and strongly advises that
males be treated with an equally high dosage. This
increased dosage not only protects the male against
reinfection (particularly if both PAM and benza-
thine penicillin are used), but it may also prevent
the occasional strain of the gonococcus which is less
susceptible to penicillin from becoming relatively
more resistant. Those who have been measuring
the sensitivity of gonococcal strains to penicillin
feel that the lower susceptibility of strains observed
in the USA may possibly be explained by the larger
dosage of penicillin employed for gonorrhoea than
in Europe.
Although penicillin is the principal therapeutic

agent used, nine of the seventeen antibiotics commer-
cially available have been shown to have an effect-
iveness comparable with penicillin for clinical gono-
rrhoea.g These other antibiotics are reserved gene-
rally for patients known to be sensitive to penicillin.
Education continues to be the most nebulous

area of the venereal disease control programme. In
the eyes of the patient a gonorrhoeal infection is
insignificant in comparison with his other problems,
which makes it difficult to stimulate more than a
desire for treatment.
A recent unpublished study by the Los Angeles

City Health Department has provided a good
example of this problem. One thousand case-
histories were collected as part of interviews with
male gonorrhoea patients. The patients ranged
from 15 to 60 years in age, and represented the
lower socio-economic group in one section of this
city where venereal disease is most prevalent. The
statistics point up the fact that 54% of the total
cases acquired their initial infection between the
ages of 15 and 19 years. This particular group has a
rather casual and loosely organized family structure.
In most instances the living facilities are most

g Garson, W. & Thayer, J. D. (1958) Bacterial and mycotic
infections of man, 3rd ed., Philadelphia, Lippincott, pp. 505-
519.

inadequate, offering little or no privacy for the
individual. Children of this type of family receive
an early introduction to the physiological differences
between males and females and have indulged in
sexual experimentation at an average age of 13. It is
interesting to observe that on learning of their
infections the teenagers did not experience the
psychological trauma that might be associated with
similar patients in the middle or upper class segments
of society. Further to emphasize the fact that no
great lesson was learned from the initial infection,
80% of the patients interviewed had a history of
previous venereal infection. Also, 26% of those
reporting with a first infection returned with a new
infection during the six months that this study was
conducted.
Because 540% of the patients acquired their initial

infection as teenagers, and in approximately the
tenth grade, one consideration is an intensive health
education programme in the schools. The findings
show that 28% of the males finished high school
and 63% reached the tenth grade. Therefore, a
programme of education might be most effectively
introduced in the seventh or eighth grade.
However, since this kind of education is not yet

generally acceptable, public health workers have for
years depended on word-of-mouth communications,
admittedly less than an ideal situation. In so far as
possible, the mass communications media have been
utilized, as well as person-to-person instruction in
clinics-a process known as " feeding the grape-
vine ". Despite the lack of any kind of formal
education on the subject, this has resulted in the
inculcation of a surprising amount of correct venereal
disease information among the people who need it
most.
During the very short period that a patient is in

a clinic for examination or treatment for a venereal
disease, the educational opportunity is very limited.
Group and individual talks, printed material,
visual aids and referral to co-operating agencies have
been used with some success.

Since it is known that we are dealing with repeaters
to a great degree these two points have been stressed
at the close of a contact interview:

1. Seek examination and treatment from a doctor
or clinic immediately. (The average male patient
waited seven days with symptoms before he sought
treatment.)

2. Bring in complete information about all
contacts during the recent past, stressing particul-
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arly friends and close associates. (90 % of the infected
contacts could be classified in the friends and asso-
ciates category.)

Clinical and laboratory research
The development of fluorescent antibody methods

by Coons and associates h has offered the venereal
disease laboratory a new and important tool for
rapid and direct identification of Neisseria gono-
rrhoeae. Unfortunately, specific antigens for the
gonococcus are unknown and milst be investigated
if fluorescent antibody application is to be success-
fully accomplished.
The serological studies of Wilson on N. gono-

rrhoeaei and the meningococcus J were used as a
starting point in our investigations. Wilson pointed
out that the occurrence of inagglutinable gonococcus
cultures is associated with freshly isolated strains and
mouse passage, and that the " factor " responsible
for inagglutination is similar to Vi-antigen of
Salmonella typhi. He was unable, however, to
produce or demonstrate an antibody for this factor
(personal communication, 1957).

Since the surface antigens of bacteria control
serological reactions and therefore their identification
in exudates by means of fluorescent antibody, an
investigation of the agglutination-inhibiting " factor "

of the gonococcus has been considered to be of
prime importance. First, it is known that this
" factor " is extremely labile and is associated with
freshly isolated cultures. This substance is, therefore,
in all probability, associated with virulence. Second-
ly, it is realized that a high degree of antigenic
crossing occurs within the Neisseria group and must
be taken into account if N. gonorrhoeae is to be
differentiated.

In experiments now completed, and in extended
studies, efforts have been made to preserve the
intact gonococcus in such a way that the agglutina-
tion-inhibitor substance will also be preserved in its
natural state. This has been accomplished by killing
freshly isolated inagglutinable gonococcal strains by
means of formalin. The antigen prepared in this
manner reacts like living cultures in slide agglutina-
tion tests. Immunization of rabbits with formalin-
killed antigen, if prolonged and used in conjunction
with Freund adjuvant, appears to stimulate the
formation of new antibodies which agglutinate the

h' Coons, A. H., Creech, H. J., Jones, R. N. & Berliner, E.
(1942) J. Immunol., 45, 159.

iWilson, J. F. (1954) J. Path. Bact., 68, 495.
I Wilson, J. F. (1956) J. Path. Bact., 72, 111.

so-called inagglutinable strains. When such anti-
sera are labelled with fluorescein isothiocyanate and
are used to stain gonococci in male urethral
exudates, the organisms stain solidly and brilliantly.
Meningococci and a few other Neisseria species also
stain with such conjugates, but to a lesser degree.
These reactions may be eliminated by absorption
with heat-killed and formalin-killed meningococcus
of serogroup A.

In extensive studies on males, fluorescent antibody
identification of N. gonorrhoeae has been clear-cut
and rapid. Strain differences are not apparent by
this method.
Accomplished work k indicates that the fluorescent

labelling antibody technique will allow the rapid
and positive identification of N. gonorrhoeae and
may be substituted for the more costly culture
method which is falling into disuse since treatment
of gonorrhoea is now frequently based on physical
signs and conditions only, with little or no laboratory
verification. Adequacy of treatment, particularly in
the individual female patient, may be predicated on
findings obtained with fluorescent antibody methods,
if the testing procedure proves to be as proficient
in detecting gonococci in the female as in male
urethritis.
During the eleven-year period from 1944 to 1954

a total of 386 strains of gonococci reported in the
literature ranged in susceptibility to penicillin from
0.002 to 0.333 u/ml. Only two strains were reported
to require 0.10 u/ml or more to inhibit their growth
in vitro completely. Annual studies done at the
Venereal Disease Experimental Laboratory since
1956, principally on strains isolated from patients
in North and South Carolina,' show susceptibility
ranges from 0.005 to 0.200 u/ml, with approximately
20% requiring 0.10 u/ml or more to inhibit growth.
Strains of gonococci from problem cases submitted
to the laboratory for special penicillin susceptibility
testing have all fallen into the relatively high range
of 0.10 u/ml or more. Routine cultures from diffe-
rent areas are being tested in order to compare the
susceptibility to penicillin of various strains through-
out the USA.

Sensitivity of N. gonorrhoeae to other antibiotics,
sulfonamides and other drugs is being studied.
Experiments have shown that gonococci develop
in vitro resistance to oleandomycin. One strain

kc Deacon, W. E., Peacock, W. L., Freeman, E. M. &
Harris, A. (1959) Proc. Soc. exp. Biol. (N. Y.), 101, 322.

l Thayer, J. D., Field, F. W., Magnuson, H. J. & Garson,
W. (1957) Antibiot. and Chemother., 7, 306.
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sensitive to 0.4 ,ug/ml grew well in 200.0 ,ug/ml after
subculturing in the presence of the drug for 54 days.
Resistant strains show much pleomorphism, the
cells being two or three times the size of normal
cells. In 1948, 84% of strains of gonococci were
resistant to sulfadiazine; in studies conducted in
1 958,m 97% were susceptible. The same strains
were equally susceptible to sulfamethoxypyridazine
(Kynex), a new antibacterial sulfonamide which
maintains prolonged high blood concentrations when
given in low total dosage.

Studies of the relation of antibiotics and sera to
gonococci phagocytized by parenchymal cells
growing in tissue culture indicate that phagocytized
gonococci are protected from bactericidal concentra-
tions of some of the antibiotics in the treatment of
gonorrhoea." ° This information may be helpful in
designing adequate therapy for gonorrhoea, particu-
larly in the female.

Present studies p, q, r of the endotoxin of N.

m Thayer, J. D., Field, F. W. & Garson, W. (1959) Antibiot.
and Chemother., 9, 176.

n Thayer, J. D., Perry, M. I., Field, F. W. & Garson, W.
(1957) Antibiot. Ann. 1956-57, p. 513.

0 Thayer, J. D., Field, F. W., Magnuson, H. J. & Garson,
W. (1957) Antibiot. and Chemother., 7, 311.

P Tauber, H. & Garson, W. (1958) Proc. Soc. exp. Biol.
(N.Y.), 99, 675.

q'Tauber, H. & Garson, W. (1959) J. biol. Chem., 234,
1391.

r Tauber, H., Garson, W. & Russell, H. (1959) Proc.
Soc. exp. Biol. (N.Y.), 101, 495.

gonorrhoeae indicate that it is not a protein but a
lipopolysaccharide. If confirmed, this observation
would be of extreme importance in relation to
development of specific antigens for serological
testing for gonorrhoea, as well as the possible
development of a relatively specific skin test for the
disease.
Although of necessity but briefly described, these

studies represent the highlights of the research
currently in progress in the United States of America
-research which, we anticipate, will contribute
immeasurably to knowledge of the gonococcus and
to the control of gonorrhoea.

Future research could profitably be directed
towards prophylactic agents which would be effective,
inexpensive, and acceptable to the user; and towards
the development of usable, reproducible and inexpen-
sive laboratory diagnostic tests to aid in gonorrhoea
control programmes. Since experimental work has
been handicapped by the fact that the gonococcus
causes infection in man only, every effort should be
made to find or to develop an animal susceptible to
infection with the gonococcus. But most urgent is
the development of an acceptable standardized
method for the determination of penicillin sensitivity
of the gonococcus, which could be used in a world-
wide network of reliable laboratories for deter-
mining, on a yearly basis, the minimal inhibitory
concentration of penicillin for the gonococcus from
patient isolates.

An Epidemiological Study of Gonorrhoea in Finland from 1953 to 1958

by A. S. HAR6, Chief of Tuberculosis Services, State Medical Board, Helsinki, Finland;
and RISTO PXTIALA, Medical Councillor, Director of the Department ofEpidemiology
and Hygiene, State Medical Board, Helsinki, Finland

Although notification of cases of venereal diseases
is fairly well carried out in Finland, it must still be
expected that reporting remains incomplete, particu-
larly in respect of gonorrhoea. Undoubtedly " self-
treatment" and treatment of doubtful cases without
laboratory confirmation of diagnosis take place. The
number of cases reported in Finland from 1938 to
1958-this includes cases in the Army a during and

a Putkonen, T. (1948) Suom. sotilaslddket. AikL., 23, 4.

after the war-can therefore indicate a long-term
trend only. With these considerations in mind, we
have studied the available information and made
certain epidemiological observations.

In contrast to syphilis, which has become rare in
Finland and other Nordic countries in the last
decade, the incidence of gonorrhoea has remained
relatively high in the period under review. The ratio
of gonorrhoea among men to that among women
ranged between 1938 and 1958 from 2.5: 1 to 4.5: 1
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