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A BS T R A C T Gonococcal pili, pure by the criteria of
electron microscopic examination and polyacrylamide
gel electrophoresis in sodium dodecyl sulfate, have been
prepared by repeated cycles of precipitation with 0.1 M
MgCli, followed by dissolution in 0.01 M Tris pH 8,
0.01 M NaNs. Using a fluorescein-conjugated antibody
prepared to pili from a single strain, pilar antigen(s)
was found to be present in each of 18 strains of gono-
cocci tested, and absent from strains of pilated menin-
gococci, nonpathogenic Neisseria sp., and Escherichia
coli. Purified pili, labeled with 'I were used in an an-
tigen binding assay to quantitatively measure antibody
to pili in rabbit sera and in 561 human sera. The range
of antibody activity for 133 persons unlikely to have
experienced gonorrhea was 0.1-1.6 /Ag/ml with a geo-
metric mean of 0.5 ,ug/ml. This geometric mean antibody
activity was significantly lower than the geometric mean

for asymptomatically infected males (1.0 isg/ml, P <
0.002), males with symptomatic gonococcal anterior
urethritis (1.6 ug/ml, P <0.001), or asymptomatically
infected females (4.2 Ag/ml, P<0.001). Antibody ap-
peared in elevated levels (> 1.6 Lg/ml) 2-3 wk after
infection and returned toward control levels 1 or more

months after treatment. Antibody levels higher than
1.6 Ag/ml were found in 26 (50%) of 52 males with
gonococcal anterior urethritis, in 10 (33%) of 30 males
with asymptomatic urethral infection and in 50 (89%)
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of 56 asymptomatically infected females. In a high-risk
group of 103 females for whom culture results and
antibody to pili were compared, 58 (57%) had elevated
antibody levels to pili and 86% of the infected females
were within this seropositive group. The antigen bind-
ing assay may provide a means to detect asymptomatic
gonococcal infection in women.

INTRODUCTION
Gonococcal pili are filamentous structures present on the
surface of colonial variants T1 and T2 of Neisseria
gonorrhoeae (1, 2). Variants T1 and T2 have produced
experimental infection in human volunteers, whereas
colonial variants T3 and T4 devoid of pili have not (3,
4). This same correlation between colonial type and
infectivity has been observed in the chick embryo animal
model (5).

Gonococcal pili have been purified and studies of
their immunochemistry have been performed (6). This
report describes the quantitative measurement of anti-
bodies to gonococcal pili in human and rabbit serum by
means of a radioactive antigen binding assay (7), uti-
lizing a double antibody technique (8-10).

METHODS
Purification of gonococcal pili. Type 2 gonococci, strain

2868 of Kellogg et al. (3), were grown in 60 liter quanti-
ties in a Biogen fermenter (American Sterilizer Co., Erie,
Pa.) using a defined meningococcal medium (11) supple-
mented with 0.5% dextrose and 0.5% yeast extract (Difco
Laboratories, Detroit, Mich.) (2). The culture was allowed
to complete log phase growth (approximately 5 X 108 or-
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ganiisms per milliliter, pH approximately 5.8). Organisms
were sedimented using a Sharples continuous-flow centrifuge
(Sharples Div., IPennwalt Corp., Philadelphia, Pa.). Pili,
which were sheared from the gonococci during centrifuga-
tion, were precipitated from the supernate by adjusting-
the pH to 4.0 with HCl. This precipitate was collected by
Sharples centrifugation and was redissolved with stirring
at 40C in 0.01 MI Tris pH 7.5 and 0.01 M NaN3. This sus-
pension was centrifuged at 12,000 g for 10 min and the
supernate was dialyzed overnight at 4°C against distilled
H20. Magnesium chloride was then added to the dialyzed
supernate to a concentration of 0.1 M and placed at 4°C
overnight, analogous to the method developed by Brinton
for purifying type 1 pili of E. coli (41). The magnesium-
treated preparation was centrifuged at 12,000 g for 10 min
and the precipitate suspended in 100 cc of 0.01 AM Tris pli
8, 0.01 M NaN'3 and dialyzed for 3 days at 4°C against 12
liters of the same buffer. The suspension was then centri-
fuged at 12,000 g for 10 min and the supernate \vas dia-
lyzed overnight distilled water. The supernate was then
adjusted to 0.1 NI MgCl2 and placed at 4C overnight.
After three cycles of precipitation with Mg-C12 and dis-
solution in 0.01 M Tris buffer pH 8 containing 0.01 -M
NaN3, the final product was ready for use in the antigen
binding assay.

Chemical methods. Pili were electrophoresed in 10%l
polyacrylamide gels with 0.307 bisacrylamide, 0.1% sodium
dodecyl sulfate to assess purity of the product and the
molecular weight of the pilar subunit (12-15). Approxi-
mately 1 /Ig of pili or molecular weight marker labeled with

I5 by the chloramine T method (16), was boiled for 1
min in 1% SDS, 1lo 2-mercaptoethanol prior to applyingZD
to the gel. After completion of the electrophoresis, the gels
were sliced in 1 mm segments and assessed for radio-
activity.

Protein determinations on purified pili were performed
by Folin-Ciocalteu method using rabbit Cohn fraction II
as a standard (17, 18).

Electron microscopy. Gonococci of a particular colony
type, nonpathogenic Neisseria sp., meningococci, and Es-
cherichia coli were visualized by negative staining of buffer
suspensions of agar cultures. Purified pili preparations and
whole organisms were examined utilizing either 17% potas-
sium phosphotungstate (pH 6.8) or 2¶ c aqueous uranyl
acetate (pH 3.5) as negative stains (1). Carbon-coated,
collodion-covered grids were used and examinations were
made with an AEI EM801 microscope (AEI Scientific
Apparatus, Inc., \Vhite Plains, N. Y.) operating at 90 k V.
(3). Freeze-fracture, freeze-etch studies were done using
a Balzers 360 M apparatus (Balzers High Vacuum Corps.
Santa Ana, Calif.) (19).

Culture methods for isolating gonococci. Cultures were
obtained by a platinum wire 100P or sterile cotton swab
from urethral, cervical, throat, or anal sites and streaked
directly onto warm Thayer-Martin culture media (20).
The culture plates were incubated at 36°C f or 24 h in a
candle extinction jar, and colonies were identified as gono-
cocci by oxidase reaction, Gram's stain, and sugar fermenta-
tions (21).

Preparation of rabbit antiscrim to gonzococcal pili. A
total of 50 ,g in 2 ml volume per rabbit of purified pili in
complete (0.1 mg/ml Alycobactcr in butyricum) Freund's
adjuvant was injected intramuscularly and into the foot-
pads of several adult New Zealand Red rabbits and the
same regimen was repeated after 1 mo. The gamma globulin
fraction of antiserum obtained 10 days after the second
immunization from the rabbit was conjugated with fluores-

cien iothllioyantel t22) at a fluorescein to antibody protein
ratio of 2.5: 1 and reacted with gonococci or pilated organ-
isms of several bacterial species. Dilutions of JgG isolated
by DEAE chromatography irom such antisera were used
to standardize the antigen binding assay.

Alnitigen binding assay. Purified gonococcal pili were
stored at 4VC at pH 7 in 0.01 AM Tris buffer containing 0.01
M NaN3 until needed for the assay. After dialysis against
water to remove the azide, 40 ,ug of pili were labeled using
50 ,yg chloramine T and 200 1sCi of "2I by a modification of
the method of Hunter (16). The labeled pili with a specific
activity of approximately 2,000 cpm/ng were diluted to a
concentration of 0.5 ,ug/ml in 1%/ bovine serum albumin in
phosphate-buffered saline pH 7.2. 1 NCiof 22Na was added
per milliliter of antigen and used as a volume marker (23).
20 ul of antigen was mixed with 10 Al of a 1: 31 dilution
of the heat-inactivated test serum, diluted with phosphate-
buffered saline pH 7.2 containing 1% bovine serum albumin.
After equilibration at 40C overnight, antibodies in the test
serum were precipitated by goat anti-human immunoglobu-
lin or anti-rabbit immunoglobulin antiserum. In each in-
stance, the amount of second antibody utilized was twice
that needed to totally precipitate 1I-labeled immunoglobulin
preparations added in minute amounts to test sera under
conditions identical to those used in the assay except for
the omission of labeled pili. This amount of goat antiserum
was chosen because it was found that the twofold excess
did not significantly diminish the precipitation of human
immunoglobulin, and because it insured that complete pre-
cipitation would occur in human sera with elevated immuno-
globulin levels. After centrifugation at 10,000 rpm for 5
min, nearly all of the supernate was removed without dis-
turbing the precipitate. This precipitate with a variable
volume of supernate overlying it was counted in a Packard
model 3022 two-channel gamma spectrometer with one
channel set to count 'Na and the other "I. The iodine count
represented the total amount of antigen left in the tube,
including that bound to antibody and precipitated and that
remaining in the supernate. The sodium count indicated the
volume of supernate left. With these data it was possible
to calculate the percent of added antigen bound to antibody
(23). All sera were tested in duplicate and if duplicate
binding results varied from each other by more than 5%,
the serum was retested.

Volumetric measurements were done with Eppendorf
pipettes (Brinkmann Instruments, Inc., W\estbury, N. Y.)
and Hamilton microsyringes (Hamilton Co., Whittier,
Calif.). The test was done in disposable MIicrofuge tubes
which were centrifuged in a Mlicrofuge (Beckman Instru-
ments, Inc., Fullerton, Calif.). All sera were heat-inacti-
vated at 560C for 30 min prior to testing.

Quantitation of Precipitating antibody to gonococcal pili
in IgG isolated fromt rabbit antiscrum. Quantitative micro-
precipitin tests utilizing purified pili and IgG isolated by
DEAE chromatography from rabbit antiserum were per-
formed. The rabbit antiserum contained 15.6 mg/ml of IgG
as determined by Mancini radial immunotliffusion (24),
and the IgG isolated from it was free of other immuno-
globulin classes or protein contamination when tested by im-

munoelectrophoresis against goat anti-rabbit whole serum
goat anti-rabbit immunoglobulin, and goat anti-rabbit IgG
antisera. Pili labeled with 125I and IJG labeled svith 131I
were added in minute amounts to each precipitin reaction.
The washed precipitates were counted in a two-channel
gamma counter with one channel set to read "3'I and the
other 'I. By measuring the amount of "3II and "I dis-
integrations in each precipitate and comparing it with the
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TABLE I
Variation in Percent Binding and Calculated A ntibody

Concentration with Repeat Testing of Three
Specimens by Antigen Binding Assay*

Serum Serum Serum
sample 1 sample 2 sample 3

Range
A'% Binding 37.7-41.0 57.3-60.9 50.4-54.5
mg/ml Ab 0.21-0.29 1.67-2.45 0.80-1.24

Mean, pg/ml 0.25 2.12 1.02
Standard deviation 0.03 0.20 0.13
Standard error, pg/ml 0.008 0.058 0.038

*All serum samples tested at 1:31 dilution; six separate di-
lutions and 12 tests performed on each sample.

number of counts added to each test, it was possible to
calculate the percentage of total antigen and IgG precipi-
tated at each point. The percentage of total antibody pre-
cipitated at a concentration of antibody which precipitated
80% of the antigen (P-80) was accepted as the percentage
of the IgG preparation which represented specific antibody
to pili (25). 16% of the IgG was in the precipitate at the
P-80 and thus the amount of specific antibody to pili was
calculated as 16% of the IgG preparation. Dilutions of this
IgG preparation in rabbit Cohn fraction II absorbed with
pilated gonococci were used to standardize all tests of human
and rabbit sera tested by antigen binding assay. The binding
activity of a human serum was expressed in terms of the
amount of rabbit IgG precipitating antibody required to
produce the same level of antigen binding.

When three samples were tested in duplicate, six different
times, the standard error of repeat testing was less than
4% (Table I).

Study populations. A total of 561 human sera were tested
with the antigen binding assay (Table II). Human sera
were obtained from the following groups: (a) 133 persons
unlikely to have experienced gonococcal infection; (b) 88
persons recovering from unrelated acute illnesses, meningo-
coccal meningitis, or who were nasopharyngeal carriers of
meningococci; (c) heterosexual men and women examined
for gonorrhea in a venereal disease clinic (245 patients, 279
sera) ; (d) seven patients with acute gonococcal arthritis
and eight females with asymptomatic gonorrhea who were
examined serially for change in titer (69 sera, Table II).
Of the 473 patients tested, 252 were male. Half (44 per-
sons) of the patients tested for crossreactive antibody and
80 of the persons unlikely to have experienced gonorrhea
were less than 14 yr of age (Table II).

Of the 133 persons unlikely to have experienced gonor-
rhea, cultures were obtained only from the 11 men who
denied any sexual intercourse (Table II). Cultures of the
anterior urethra of these men did not grow N. gonor-
rhocae at the time when their serum specimens were ob-
tained. The healthy laboratory personnel specifically denied
any history of gonococcal infection. Neither the nuns nor
the children were questioned regarding gonorrhea.

Of the 88 patients whose sera were tested for cross
reactive antibody to gonococcal pili, 13 were recovering
from nonspecific urethritis, viral respiratory syndromes,
rheumatic fever, or an exacerbation of rheumatoid arthritis
(Table II). The other 75 patients were selected because
their sera had high levels of antibody to Group A or C
meningococcal polysaccharide as determined by Farr assay
(26), or because they had been infected with Group B
meningococci for 2 or more weeks (Table II).

TABLE II A
Serum Specimens Tested for Antibody to Gonococcal Pili

No.
p)atientsPatient group Age

yr

Unlikely to ever have had gc*
Healthy children
Nuns
Adult male virgins
Healthy laboratory personnel

80 6 mo.-13
29 16-60
11 18-28
13 20-S50

< 14 > 14

41 39 80
0 29 29

11 0 11
6 7 13

Total

Tested for crossreactive antibody
Recovering from unrelated actite illness
Nasopharyngeal carriers of Gr.$ A (16),

B (5), or C (S) meningococci
Recovering from Gr. A (25), B (8),

or C (16) memingococcal meningitis

133 80 53 58 75 1333

13

26

10-30

1-55

49 3 mo.-67
<14 >14

7 6 13

12 14 26

30 19 49

Total 88 44 44 49 39 88

Numbers in parentheses indicate number of subjects.
* gc, gonorrhea.

I Gr., group.
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TABLE II B
.'ernnll .Speciumens Tested f(or A ntibody to G(Jonococal PTil

\No.
Patient group examined for gonorrhea Patientts

Girls confined in reformatorv
With asymptomatic gonorrhea* 2 7
\Without gonorrhea 32

Females exacmined in VD clinic
With asynmptomatic gonorrhea 29
Without gonorrhea 1

Heterosexual males examined in VD cliniic
With symptomatic gonorrhea 52
With asymptomatic gonorrhea 3(0
Without gonorrhea 60

Total

Sex

Age MI F

yr

11-15i
11-15

17-32
17-2 5

15-45
16-45
16 -45

<15 >15

52
3(0
60

245 61) 185 142 10)3 311

* Eight females with asymptomatic infection who were examined serially after treatment were dra-wn
from the group confined in reformatory.I

TABLE II C
Serum .'Specimens Tested for -l ntibody to Gono-oc-al Pjlj

Sex
Patient group examined serially for No. - No.

change in antibody patients Age I F sera

yr
IltImans with gonococcal arthritis 7 19-42 3 4 29
Human females wvith asymptomatic gc* 8 11-15 8 41)

Total 15 3 12 69

* Eight females with asymptonmatic infection who were examined serially after treatment
were drawn from the group confined in reformatory. gc, gonorrheal.

Of the 245 heterosexual men and women who were ex-
amined for gonorrhea, those with positive cultures were
comparable to those with negative cultures with respect

to age, sex, race, and employment status (Table II). Two
endocervical, one pharyngeal, and one anal canal culture
were obtained from each of the 59 girls confined in a
reformatory in Atlanta, Ga. at the time the serum specimen
was obtained. The other 44 asymptomatic heterosexual
women were examined in a venereal disease clinic in
Seattle (Table II). They gave vritten informed consent
to undergo weekly endocervical, anal canal, and pharyngeal
culture examinations for gonococci for 4 \wk, and to forego
sexual intercourse, and to defer any antibiotic treatment
until the end of the 3 wk period of followup. Sera were
obtained at the first and final visit and patients were
treated with the appropriate antibiotics after the study
period if V. yonorrhocac had been isolated on any culture.
Of the asymptomatic women whose cultures were negative

for gonococci, 27% had a previous history of gonorrhea. Of
the 142 heterosexual men examined in venereal disease
clinics in Seattle and New York, urethral exudate was
obtained for culture if present, or if not a swab was inserted
4 cm into the anterior urethra and cultured (Table II).
Those with symptomatic anterior urethritis had an exudate

and usually dysuria. Those without exutlates or genitouri-
nary symptoms but whose swab cultures grew gonococci
were classified as having asymptomatic gonorrhea. Of the
asymptomatic men with negative urethral cultures, 28%7
latl a history of previous gonococcal infection.

The time-course of the antibotly response to gonococcal
pili was studied in the following groups: (a) seven patientts
with acute disseminated gonococcal infection and arthritis,
and (b) eight of the asymptomatically infected females
confined to a reformatory who were serially bled anlt
cultured following treatment (Table Il).

RESULTS

Antigen preparation, asscssmncdt of purity anid yield.
Pili are present on the surface of type 2 gonococci as

demonstrated in freeze-etch, freeze-fracture preparations
(Fig. la) or after negative staining (Fig. lb). In the
former method the pili appear to adhere to the surfaces
of gonococci whereas in the negatively stained gono-

cocci, pili radiate from their surfaces, as previously
noted (19, 2).

Antibody Response to Gonococcal Pili in Patients with Gonorrhea

No.
sera

27 59
32 32

31 5()
13 28

52
30
60
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b

FIGURE 1 Gonococci and gonococcal pili. (a) Freeze-fracture, freeze-etch prepared gonococci
with pili on surface (X 80,000). (b) Negatively stained gonococcus with pili radiating from
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Specimens were examined by negative staining at
each step during isolation and purification of pili. The
major non-pilar component found in specimens from
early preparative steps were membrane-limited vesicular
structures varying in size from 150 to 500 A in di-
ameter. These represent fragments of disrupted mem-
branes that comprised the protoplasmic and cell wall
membranes of once-intact gonococci. As can be seen in
the low magnification micrograph (Fig. lc) these con-
taminating membrane vesicles are virtually absent in
preparations obtained after the several purification
steps outlined in Methods. The majority of pili are
arranged as laterally adherent aggregates when nega-
tively stained with uranyl acetate (Figs. Ic and id).
The low pH of the negative stain (pH = 3.5) causes
isoelectric precipitation of the pili (pI approximately
4.0). Phosphotungstate negative staining (pH 6.8), by
contrast, results in pili which are dispersed on the
specimen grid (Fig. le).

Figures 2a and 2b summarize the results obtained
with 'I-labeled gonococcal pili or molecular weight
markers when submitted to electrophoresis in sodium
dodecyl sulfate polyacrylamide gels. Purified pili pro-
duce a single major peak (Fig. 2a) with a mobility
corresponding to a subunit molecular weight of ap-
proximately 24,000 (Fig. 2b).

Approximately 15 Ag of purified pili were obtained
per liter of liquid culture. Assuming 5 X 10' gonococci
per milliliter of liquid culture, and using Avogadro's
number, and a molecular weight of 20 million for the
pilus calculated from its dimensions, periodicity, and
subunit size, approximately one pilus was isolated from
each gonococcus. The average gonococcus grown in
liquid culture has 10 pili according to our electron
microscopic observations (2) and those of others (1),
and thus we estimated a 10% yield for the purification
procedure.

Reactivity of fluorescein-conjugated anti-pili globulin
'With Neisseria sp. and Escherichia coli. The fluores-
cein-conjugated rabbit anti-pili globulin preparation was
reacted with pilated and non-pilated gonococci, and
with pilated N. meningitidis (Groups B and C), and
one strain each of pilated N. catarrhalis, N. flavescens,
and E. coli to determine the specificity of the antibody
for gonococcal pili. The surface of pilated gonococci
fluoresced brightly producing a doughnut-shaped stain-
ing pattern. This staining was not observed with non-
pilated gonococci or with pilated meningococci, N.
catarrhalis, N. flavescens, or E. coli. These differences
in staining between pilated gonococci and pilated non-
gonococcal organisms were present over a 10-fold

50

go 40

x'C

, 30
C

.E_

an 20
~0
.O-

o 10
()

I0

T-
.21

0)
3

a}

(a)
I-

I-

100

20

10

1A..
0 0

* *S **gS*- 0* es.@---.-
I~ ~ Il

0 20 30 40 50
Millimeters of migration

60 70

_ (b) BSA (66,000)

Pepsin (35,500)

_ \ P~~~~~Ili - 24, 000

Cytochrome C (12,400)

20 40 60 80

Migration from origin (mm)

FIGURE 2 (a) SDS polyacrylamide gel of 125I purified pili.
(b) Migration of gonococcal pili and molecular weight
markers in SDSpolyacrylamide gels.

range in antibody concentration (1: 20-1 :200 dilution
of the fluorescein-conjugated globulin preparation). At
a 1:10 dilution of the globulin preparation weak stain-
ing was observed with pilated meningococci and non-
pilated gonococci, but not with other Neisseriae or E.
coli. To seek antigenic variation among pili of different
strains of gonococci, pilated organisms from 18 gono-
coccal strains were reacted with the fluorescein-conju-
gated globulin preparation. No significant differences
in staining were observed; all strains fluoresced brightly
with the anti-pili preparation produced against pili
from a single strain.

Antigen binding assay. Gonococcal pili after labeling
with 'I by the chloramine T method (16) were indis-
tinguishable from unlabeled pili when examined by
electron microscopy. Fig. 3 summarizes the pattern of
antigen binding when 10 ng of labeled pili were re-
acted in each assay with varying amounts of rabbit
IgG antibody to pili. 8 or more ng of rabbit IgG anti-

Antibody Response to Gonococcal Pili in Patients with Gonorrhea

surface (uranyl acetate, X 70,500). (c) Purified pili, low power (X 12,500) with uranyl
acetate stain. (d) High power (X 86,000) of bundles of pili from ic, uranyl acetate stain.
(e) High power (X 90,000) of purified pili, phosphotungstate stain.
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Picogroms of precipitating IgG antibody
FIGURE 3 Percent antigen bound by rabbit precipitating IgG antibody to pili.

body produced 100% binding of the labeled antigen.
Between approximately 20 and 90% antigen binding,
there was a linear relationship between the percent
antigen bound and the logarithm of the rabbit antibody
concentration (Fig. 3). No antigen binding occurred
using human IgG or IgA myeloma protein or human
macroglobulin and precipitating with goat anti-human
immunoglobulin antiserum.
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Serologic response in patient groups and controls.
Fig. 4 summarizes the antibody response to pili of 138
patients with gonococcal infection and 133 persons un-

likely to have experienced gonorrhea (Table II). The
geometric mean antibody activity to pili of the latter
group was 0.5 ug/ml. The 53 persons older than 13 yr
of age within this group had a geometric mean anti-
body level of 0.6 /Ag/ml, and the distribution of their
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levels is indicated to the left of the control line in Fig.
4. The range of antibody activity for the entire group
of 133 persons unlikely to have experienced gonorrhea
was 0.1-1.6 ug/ml (Fig. 4). The geometric mean anti-
body activity for the 88 sera tested for crossreactivity
was 0.66 jg/ml. Three of the 88 persons whose sera
were tested for crossreactivity had more than 1.6 jig/ml
antibody activity to pili. Each of these persons was
more than 15 yr old (Table II).

The geometric mean antibody activity in serum
from 52 males with acute symptomatic gonorrhea was
1.6 jug/ml, a level which was significantly higher than
the level for the adults within the group of 133 persons
unlikely to have experienced gonorrhea (P < 0.001,
Fig. 4). Also 26 (50%) of the 52 males with gonococ-
cal urethritis had more antibody to pili than any of
the controls. The geometric mean antibody for the 30
asymptomatically infected males was 1.0 ug/ml. This
level was significantly higher than the mean for the
adults within the control group (P < 0.002), and 10
of the 30 had more than 1.6 Ag/ml antibody activity
(Fig. 4). Asymptomatically infected females had the
highest antibody levels, with a geometric mean antibody
activity to pili of 4.2 Ag/ml for the group. One serum
had 20.6 jig/ml antibody activity and 50 of the 56
(89%) had more antibody to pili than any of the
controls (> 1.6 ,g/ml, Fig. 4).

Among sera from the group of 133 persons unlikely
to have experienced gonorrhea, antibody levels to pili
increased with age for a given population. The geo-
metric mean antibody level of sera from 26 healthy
children 6 mo to 2 yr of age was 0.35 ug/ml, as com-
pared with a level of 0.56 Ag/ml for the 23 3-5 yr
olds from the same group (P <0.002). Similarly, for
a group of 12 Rockefeller University clinic patients
from whom sera had been collected over a period of
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FIGURE 5 Changes in antibody after treatment for systemic
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FIGURE 6 Decline in antibody after treatment for asymp-
tomatic gonococcal infection.

years, the geometric mean antibody level to pili rose
from 0.3 jIg/ml at ages 5-8 to 0.5 /ig/ml for the same
persons at 9-12 yr of age.

Each of the seven patients with systemic gonococcal
infection showed an early rise in antibody during the
first 2 wk of disease (Fig. 5). Two of the seven (pa-
tients nos. 1 and 3) had initial antibody levels which
were comparable to persons who had not experienced
gonorrhea (Fig. 5). Patient no. 1 had skin lesions,
arthritis, a positive throat culture, and serum antibody
to pili of 0.6 Ag/ml 8 days after well documented ex-
posure to gonorrhea. 9 days later she had an antibody
activity of 3.8 jg/ml which after 1 mo declined to
levels within the control range (1.6 Ag/ml, Fig. 5).

Cervical, pharyngeal, and anal canal cultures for
N. gonorrhoeae remained negative in each of the
eight asymptomatically infected females after treatment,
and antibody declined for most patients with a half-life
of approximately 45-60 days (Fig. 6). Patients 1, 2,
and 4 whose initial serum contained 3.0-4.0 jg/ml anti-
body activity declined to plateau levels of antibody be-
tween 2.0 and 2.3 jg/ml within 2-3 mo after treatment.
Antibody levels for the other patients which were ini-
tially 8.0-20.6 Ag/ml declined to plateau levels within
4 mo (patient no. 3) or did not reach plateau levels
(patients nos. 5-8) after observation periods of 11-4
mo (Fig. 6).

Fig. 7 plots the antibody activity to pili of serum
from 142 heterosexual men who were cultured for
gonococci in venereal disease clinics. 82 had urethral
infection with N. gonorrhoeae and 60 had negative rec-
tal, urethral, and oropharyngeal cultures for gonococci.
Men with symptoms and positive cultures had a sig-
nificantly higher geometric mean antibody activity (1.6
Ag/ml) than those with negative cultures (P < 0.05,
Fig. 7). Of the eight men with negative cultures and
antibody levels greater than 1.6 jug/ml, six (75%)
admitted a previous history of gonorrhea (Fig. 7). The
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two men who denied a history of gonorrhea had anti-
body levels of 2.0 tg/ml and 2.2 Pg/ml. 11 (21%) of
the 52 men with negative cultures and antibody levels
of 1.6 ug/ml or lower had a previous history of gonor-
rhea. The geometric mean antibody level for the asymp-
tomatically infected men (1.0 Lg/ml) was not sig-
nificantly different from the level for symptomatically
infected or for culture negative men (Fig. 7), but was
significantly lower than the level for asymptomatically
infected women (Fig. 4, P < 0.01).

Fig. 8 summarizes the culture results and serum
antibody to pili for 59 girls confined in a reform
school, and 45 women examined in a venereal disease
clinic. The girls in the reform school or women in the
venereal disease clinic whose cultures grew gonococci
were comparable in age, sex, race, and employment
status to those in their respective group with negative
cultures (Table II). Of the 103 females, those with
negative cultures at all sites had a lower geometric
mean antibody activity (1.1 Ag/ml) than those with
positive cultures (4.2 ,g/ml, P <0.001). 50 (86%) of
the 58 females with more than 1.6 Ag/ml antibody ac-
tivity had cultures which grew gonococci, as compared
to eight (18%) of 45 for those with 1.6 /ug/ml or less.
Six of the eight asymptomatically infected females

whose antibody activity was less than 1.6 iFg/ml were
women examined in a venereal disease clinic and two
were girls in a reform school. Followup sera were avail-
able from seven of these eight females, and three of the
seven developed elevated antibody levels to pili, suggest-
ing that these three patients had contracted infection
too recently to develop antibodies at the time they were
first tested. The eighth asymptomatically infected female
with antibody activity less than 1.7 ug/ml had been
cultured 10 days previously. Her cultures at that time
did not grow gonococci, suggesting that she had ac-
quired her infection within 10 days of when her serum
plotted in Fig. 8 was obtained. Each of the eight fe-
males with negative cultures for gonococci and elevated
antibody levels to pili (> 1.6 Ig/ml) were from the
group of girls confined in a reform school (Table II,
Fig. 8).-These girls were cultured only once, and of the
five culture-negative girls whose serum contained 2.1
pg/ml or more antibody to pili, one gave a history of
previous treatment for gonorrhea and three had another
venereal infection at the time of culturing. For the
total group of 103 females, if one had obtained cultures
only from the 56% of the group with elevated anti-
body activity to pili (> 1.6 Ag/ml), one would have
identified 86% of the infected persons (Fig. 8).
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DISCUSSION

Studies of the human humoral immune response to

gonococcal infection have been complicated by the use

of impure antigens and test systems incapable of re-

producibly detecting small differences in antibody levels
between patients and controls (27-40, 43-54). The use

of a pure antigen preparation decreases the chance
of detecting crossreacting antibody responses to organ-

isms other than gonococci, and is a prerequisite to
quantitating the antibody response to a single antigen.
A few examples will illustrate the complexity of gono-

coccal antigens which have been employed for diagnos-
tic serologic analysis.

Magnusson and Kjellander used a suspension of
gonococci heated to 60° as antigens in a complement
fixation test (27). Watt, Ward, and Glynn (30) and
Ratnatunga (43) also used heated whole organisms in
a complement-fixation test system. Danielsson, Schmale,
Peacock, and Thayer purified gonococcal protoplasm
antigens by gel filtration and ion exchange chromatog-
raphy (28, 29). These antigens were from the super-

nate of gonococci disrupted in a Ribi cell fractionator
following centrifugation at 36,000 g for 30 min, and
contained approximately equal amounts of carbohydrate
and protein (29). More than one protein was present

in this preparation as evidenced by polyacrylamide gel
electrophoresis and nucleic acids were also present (30).
Multiple precipitin bands were produced in agar gel
diffusion using these antigens and hyperimmune rabbit
serum (29). Some of these antigens have been shown
by double diffusion in agar to be also present in the
protoplasm of N. meningitidis, N. flava, and N. sicca
(31). Tauber et al. and Maeland studied the immuno-
chemistry of N. gonorrhoeae endotoxin prepared by
several methods (32-39). Endotoxin was obtained from
gonococci by extraction with phenol-water (32-35),
alkali (35), trichloroacetic acid (35), heat (35), or

aqueous ether methods (35-39). The endotoxin was

shown to be present in the gonococcal cell wall (37)
and depending upon the method of extraction was

found to be composed of either lipopolysaccharide alone
or a combination of lipopolysaccharide and protein (32-
39). Heterogeneity of the endotoxin was demonstrated
by Pevikon block electrophoresis (36) and indirect
hemagglutination inhibition tests (35, 39). The pro-

tein antigen of endotoxin was common to meningococci
and gonococci, and crossreactivity was observed be-
tween lipopolysaccharide antigens of gonococcal endo-
toxin and some nonpathogenic Neisseriae and meningo-
cocci (39). Wallace, Diena, Yugi, and Greenberg (40)
utilized antigens isolated from the phenol phase of a
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phenol-water extract of gonococci. These antigens were
65-80% protein and 5-10% carbohydrate by weight.
They observed crossreactivity between this antigen and
immune sera produced against N. catarrhalis but not
with antisera to nmeningococci.

Gonococcal pili, as isolated in this study, are pure
when examined by electron microscopy (Figs. lc-le)
and are aggregates of a single protein subunit as
demonstrated by polyacrylamide gel electrophoresis in
sodium dodecyl sulfate (Figs. 2a, 2b). Fluorescein-
conjugated anti-pili antibody, over a 10-fold range in
antibody concentration, stained only pilated gonococci
and did not stain pilated meningococci or pilated non-
pathogenic N. catarrhalis, N. flavescens or pilated E.
coli. Since gonococci possess few pili than the strains of
nonpathogenic Neisseria and E. coli tested, no staining
of the latter organisms indicates that their pili are anti-
genically different from gonococci. Furthermore, the
pili of gonococci are morphologically distinguishable
from those of E. coli and nonpathogenic Neisseria (2,
41, 42). However, the lack of staining of meningococci
with the fluorescein-conjugated antigonococcal pili anti-
body could results from the fact that meningococci are
much more sparsely pilated than gonococci. Whatever
the reason, persons infected with meningococci do not,
in general, produce antibodies which crossreact with
gonococcal pili. In this study, 72 sera containing high
levels of antibody to meningococcal group-specific poly-
saccharides, obtained from patients with meningococcal
infections, possessed antibody levels to gonococcal pili
which were within the range of 133 persons unlikely
to have experienced gonorrhea (Fig. 4). Sera from
three patients with meningococcal infections contained
elevated antibody levels to gonococcal pili (> 1.6 ug/
ml). These three persons were a 37-yr old male, a 26-
yr old female, and a 25-yr old female who were not
questioned regarding their sexual activity or whether
they had experienced gonorrhea, and their antibody
levels to pili were 19.2 ytg/ml, 2.3 /g/ml, and 1.8
Ag/ml, respectively.

Gonococcal pili described in this report were from a
single strain, strain 2868 of N. gonorrhoeae. Since
fluorescein-conjugated antibody to pili of this strain
brightly stained pilated organisms of 18 different
strains, it is unlikely that major antigenic differences
exist between gonococcal pili from different strains.
These considerations suggest that gonococcal pili iso-
lated by the methods described above are a pure anti-
gen common to all gonococcal strains and specific to
N. gonorrhoeac.

The antigen binding assay using 'I-labeled gono-
coccal pili is capable of detecting as little as 100 pg
of antibody (Fig. 3). This represents a considerable
increase in sensitivity over methods used previously

to detect antibodies to gonococcal antigens (55). This
sensitivity allows detection of antibody to pili in as little
as 10 u1 of serum from patients with gonorrhea, a disease
which is usually a localized infection (56, 57). How-
ever, it is likely that specificity and reproducibility are
more important determinants of whether an assay can
accurately separate infected persons from those who
are not infected with gonococci. Patients infected with
gonococci produce antibody to pili in concentrations of
1-20 iyg/ml (Fig. 4), a range detectable by conven-
tional serologic tests. Since antibody levels to some
gonococcal antigens are as little as 0.5 Ag/ml higher in
infected as compared with noninfected persons (Fig.
4), the reproducibility of an assay upon repeat testing
may be the principal factor which determines its use-
fulness for any large scale testing of sera. Typically,
repeat testing results are within 10-20% for the anti-
gen binding assay (26, Table I), as compared with
variations of up to two twofold dilutions (400%) for
conventional serologic tests may account for some of
the difficulties with previously published methods of
serologic testing for gonorrhea.

The time course of the immune response to gonococ-
sal pili is similar to the response to some other gono-
coccal antigens. Each of the seven persons with gono-
coccal arthritis in this study showed a rise in antibody
to pili within 1 wk of the onset of their symptoms
(Fig. 5). Five had elevated levels to gonococcal pili
when they first presented with systemic disease (nos. 2,
4, 5-7) and the other two (nos. 1 and 3) developed
elevated levels within the first week of illness. Mag-
nusson and Kjellander (27), Chacko, and Nair (50),
and Genner, Anton, and Boas (62) also found that
elevations in antibody were detectable after 7-10 days
of illness. Hess, Hunter, and Ziff, using an indirect
fluorescent antibody method, observed antibody to gono-
cocci in 80% of sera obtained from patients during the
first week of arthritis, and in 100% of sera obtained
8-21 days after the arthritis began (63). The time
required for antibody to decline to normal levels fol-
lowing treatment was found by Hess' to be 1-9 mo (63),
and by Magnusson and Kjellander to be 1 mo to 1 yr
(27). Genner observed elevated antibody levels for 6
mo to 2 yr in untreated patients (62). Antibody levels
to gonococcal pili declined to 2.2 ug/ml or less within
1 mo after treatment in one patient with gonococcal
arthritis (no. 1, Fig. 5) and within 3 mo after treat-
ment in four asymptomatically infected females (nos.
1-4, Fig. 6). It was observed that more time was re-

quired to decline to an antibody level of 2.2 Lg/ml if
the initial serum antibody level to pili was very high
(Figs. 5 and 6). The rate of different immunoglobulin
classes (64, 65) in the rate of decline of this antibody
remains to be determined.
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Our observation that more females than males in-
fected with gonococci have elevated antibody levels to
gonococcal pili is consistent with nearly every previous
report of serologic tests for gonorrhea (27, 30, 40, 43-
46, 48) and may be related to the duration of infection
in each sex. Most men develop dysuria and urethral dis-
charge within 5 days after infection and seek diagnosis
or treatment. Consequently, their infection persists for
a sufficient duration to develop elevated antibody levels.
However, this is unlikely to be the only reason for
the higher antibody levels seen in women because in
some instances even prolonged asymptomatic gonococ-
cal infection of males may not provide sufficient anti-
genic stimulus to produce elevated serum antibody
levels to pili. Three of five asymptomiatically infected
men who had urethral cultures which remained posi-
tive for 2-3 wk while treatment was withheld failed to
develop elevated antibody levels to gonococcal pili. The
gonococci isolated from the urethra of one of these
asymptomatically infected men was examined by elec-
tron microscopy and found to be pilated. It is therefore
unlikely that normal antibody levels to pili in these per-
sons reflect infection with non-pilated gonococci. The
sex difference in antibody levels may be related to other
factors such as the general tendency of females to pro-
duce more antibody to a number of antigens (66-68)
or to local factors such as extent of infection and lym-
phatic drainage.

One of the principal reasons that gonorrhea is the
most common reported infectious disease in the United
States today is that the reservoir of asymptomatically
infected females capable of transmitting the disease (69,
70) is not being detected. Many women infected with
gonococci never develop iatrotropic symptoms, and it
is estimated that there were approximately 800,000 of
these women in the United States in 1972 (71, 72). In
this study, the antigen binding assay detected elevated
antibody levels to gonococcal pili in 86% of asympto-
matically infected females (Fig. 4). Cultures of the
endocervix are useful as a screening method for popu-
lations with a high prevalence of gonorrhea. However,
cultural methods are too expensive and logistically im-
practical for screening low prevalence groups. It is con-
ceivable that mass screening of low risk female popula-
tions with the antigen binding assay could provide a
means to detect and eliminate many asymptomatic gono-
coccal infections in women. The low level of antibody
response to pili in asymptomatically infected men, com-
bined with the lack of antibody rises in many men
with symptomatic urethritis who are treated within 10
days of becoming infected, indicates that the antigen
binding assay may be of limited usefulness for detection
of localized gonococcal infection in males (Fig. 7).
However, most men with gonococcal infection develop

symptomatic urethritis and are treated (71, 72). There-
fore one could hypothesize that a significant reduction
in the number of asymptomatically infected women, in
concert with cultural detection and treatment of asymp-
tomatically infected males, would lead to a general
reduction in the prevalence of the disease. Since it
would be more feasible to screen large numbers of
women by serologic test than by endocervical culture,
the antigen binding assay may prove a useful method
for detecting the reservoir of asymptomatically infected
women in the United States.
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