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Cell-mediated immune response in gonococcal
infections
FREDERIC A. WYLE, CLAUDIA ROWLETT, AND THOMAS BLUMENTHAL
From the Departments of Medicine, University of California, Irvine, California, and
Veterans Administration Hospital, Long Beach, California

SUMMARY Peripheral blood lymphocyte (PBL) transformation stimulated by gonococcal and
meningococcal antigens was studied in 29 men and 21 women with uncomplicated gonorrhoea.
The blastogenic responses of PBLs from these men and women were substantially higher than from
normal controls. Cross-reactivity between Neisseria gonorrhoeae and Neisseria meningitidis was

manifested by the PBL transformation responses in patients with gonorrhoea to non-purified
meningococcal antigen (MGC-I). In both male and female patients the PBLs were stimulated by
non-purified gonococcal antigen (GC-I) and by non-purified meningococcal antigen. The extent of
the blastogenic response in women was much greater than in men. Partial purification of these
antigens by gel chromatography resulted in reduced cross-reactive responses to the semi-purified
meningococcal antigen (MGC-JI). Female patients demonstrated marked stimulation with the semi-
purified gonococcal antigen (GC-II), while male patients showed slight stimulation with GC-JJ. It is
possible that cell-mediated immunity may act to limit the spread of gonococcal infection beyond the
genital mucous membranes.

Introduction

The marked increase in human gonococcal infection
during the past decade (Lucas, 1972) has led to
renewed interest in the gonococcus. Many re-
searchers have attempted either to correlate the
antigenic structure of Neisseria gonorrhoeae with
pathogenic mechanisms (Glynn and Ward, 1970;
Buchanan and Gotschlich, 1973; Buchanan et al.,
1973) or investigate immunity to the gonococcus
(Cohen et al., 1969; Maeland and Larsen, 1971).
Several of these studies have been directed towards
humoral mechanisms, and some have attempted to
refine serological assays (Magnusson and Kjellander,
1965; Watt et al., 1971). Serological assays have
generally been of limited value because of the lack
of purified antigens and/or because the sensitivity
of the assay was so slight. Buchanan et al. (1973)
may have resolved one aspect of the serological
problem. Their use of gonococcal pili provides a
specific and sensitive assay for detecting recent
gonococcal infection. While pilated gonococci are
associated with virulence in humans (Kellogg et al.,
1963, 1968), the presence of circulating anti-pilar
antibody does not appear to protect against subse-
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quent infection (Buchanan et al., 1973; Arko et al.,
1974).
The broadening knowledge of cell-mediated

immunity (CMI) has led to recognition of its role
in chronic intracellular infections (Collins, 1971),
although its involvement in other types of infection
remains uncertain. This situation, coupled with the
lack of success in defining protective immunity in
antibody studies, has led us to study CMI in
gonococcal infection. Previous reports on lympho-
cyte transformation in gonorrhoea (Kraus et al.,
1970; Esquenazi and Streitfeld, 1973; Grimble
and Mclllmurray, 1973; Kearns et al., 1973) leave
no doubt as to the existence of a CMI response in
this infection. However, several aspects of the
gonococcal CMI response need clarification. The
degrees of specificity and the nature of cross-
reacting antigens are not known and comparisons of
CMI responses between men and women with
gonorrhoea deserve further exploration. The present
study is part of an investigation into the immunology
of gonococcal infection and it was undertaken to
examine some of these questions. In this report, we
relate the results of lymphocyte transformation
induced by partially defined gonococcal and
meningococcal antigens in men and women with
acute gonorrhoea.
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Materials and methods

BACTERIA
Neisseria gonorrhoeae colony type 4 (strain LB49)
was a clinical isolate whose identity was verified by
standard procedures (Kellogg, 1974). Neisseria
meningitidis Group B (strain 99M) was obtained
from Dr M. Artenstein of the Walter Reed Army
Institute of Research. Stock cultures were main-
tained in 20%/ glycerol in tryptic broth at -70°C
until use.

BACTERIAL CULTURE TECHNIQUE
Each strain was grown overnight in Kellogg's agar
medium (Kellogg et al., 1963) at 37°C in a 5% c02/
95°% air atmosphere. A heavy loop of this growth
was inoculated into a 500 ml flask containing 125 ml
of modified Frantz's medium (Frantz, 1942). The
composition of this medium was: 1% casamino
acids (Difco), 0-85% NaCl, 05y% dextrose, 1 %
NaHPO4 7H20, 0 0022% cystein-HCI, 0 06% MgSO,
*7H20, 0O0O % KCG, 04 % yeast extract (BBL), and
1 % IsoVitaleX (BBL). Broth cultures were incubated
in a shaker water bath at 37°C for six hours, inocu-
lated into 10 litres of modified Frantz's medium in
a microferm fermentor (New Brunswick Scientific
Co.) and grown for 18 hours at 37°C with aeration
(5L air/min) and stirred at 200 rev/min. This
culture technique yielded concentrations for the
N. gonorrhoeae strain of approximately 1 x 108
cells/ml and for the N. meningitidis strain of
approximately 5 x 10 cells/ml. The cells were
harvested by continuous flow centrifugation at
15 000 gx 4 hours in an RC2B refrigerated centri-
fuge (Ivan Sorvall) and washed twice with 0-85%
NaCl.

ANTIGEN EXTRACTION TECHNIQUE
A modification of the Ribi ether extraction technique
(Ribi et al., 1961) was used. Two volumes of cold
(4°C) ethyl ether were added to a 10% mass/vol.
suspension of the bacterial cells in 0-85% NaCI.
This suspension was stirred for 24 hours at 4°C and
then transferred to a separatory funnel for phase

* separation at 4°C for 18 hours. The lower aqueous
phase was drained off and the residual ether removed
by aeration. The saline extract containing isolated
bacterial outer membranes was separated from the
residual cells by centrifugation (8000 xg; 20 min).
This supernatant solution was dialysed against 50
volumes of distilled water and lyophilised. The
lyophilised extract is henceforth denoted as crude
antigen. A solution of crude antigen was prepared
at a concentration of 1 mg/ml in 30 mmol/l Tris-HCI,
pH 7-8 (Tris buffer), and enzyme treated by
incubation with ribonuclease (5 Lg/ml) and deoxy-

ribonuclease (0 5 [±g/ml) for four hours at 370C.
Ascending gel filtration chromatography was per-
formed with a 2 5x60 cm column of Sephadex
G-50 equilibrated with Tris buffer. Six millilitres
of enzyme digested crude antigen was applied to
the column and eluted with Tris buffer. The eluent
was monitored at 260 nm and 280 nm by a UA-4
absorbance monitor (ISCO). Ten millilitre fractions
were collected and those under the first peak were
pooled, dialysed against distilled water, and
lyophilised. This henceforth is referred to as semi-
purified antigen.

CHEMICAL ANALYSIS
The composition of the antigens was determined
as follows: protein concentration by the Lowry
method (Lowry et al., 1951) using bovine serum
albumin as the standard, carbohydrate by the
anthrone reaction (Williams and Chase, 1968a)
using dextrose as the standard, sialic acid concen-
tration by the resorcinol procedure (Williams and
Chase, 1968b) using N-acetyl neuraminic acid
(Sigma) as the standard, and nucleic acid by the
280 nm/260 nm absorbance ratio (Colowick and
Kaplan, 1957).

SUBJECTS
The study group consisted of 29 men and 21 women
with culture-proved uncomplicated gonorrhoea.
They had presented themselves to the Santa Ana
Venereal Disease Clinic or the University of
Southern California-Los Angeles County Medical
Center Venereal Disease Clinic because they had
symptoms or were contact referrals. Thirty milli-
litres of venous blood was collected from each
patient in heparinised vacutainers (No. 4792,
Becton-Dickinson). All the men exhibited sympto-
matic gonococcal urethritis; the mean duration
of symptoms before blood sampling was seven
days with a total range of 1-21 days. Nine of
the 21 women were symptomatic with a mean dura-
tion of symptoms of 14 days and a range of 3-20
days. The remaining 12 women were asymptomatic;
the duration of infection before blood sampling for
these patients was estimated from the date of
contact referral as 17 days with a range of 12-30
days. A detailed history was obtained for each
patient including the number of previous gonococcal
infections. The control group consisted of 10 men
and 10 women who were medical employees from
the Long Beach Veterans Administration Hospital,
all of whom denied a history of gonorrhoea.

LYMPHOCYTE TRANSFORMATION STUDIES
Peripheral blood lymphocytes (PBLs) were separated
from venous blood using the gel sedimentation
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technique of Coulson and Chalmers (1964). Viability,
as assessed by trypan blue dye exclusion, was
between 90 and 95%. The PBLs were adjusted to a
concentration of 1 x lOfi lymphocytes/ml in Earle's
minimal essential medium (MEM) (Gibco) con-
taining 100%, autologous plasma, 100 units penicillin/
ml, and 100 jig streptomycin/mI. Triplicate PBL
cultures were performed in slanted, loosely capped
16 x 100 mm tubes. Each culture contained 10 ml
of lymphocyte suspension and was incubated for
six days at 37°C in a 5% co2/95Y% air atmosphere.
Either 0-2 ml of phytohaemagglutinin-P (PHA)
(200 Rug/ml) or 0-2 ml of antigen (1 mg/ml) was
added to the cultures as a T-cell stimulant. Lympho-
cyte transformation was assessed by measuring
incorporation of tritiated thymidine (3H-TdR) into
DNA. Each culture was pulsed on day 6 for four
hours with 1 puCi 3H-TdR (6 Ci/mmol/l; Schwarz
Mann). Radioactively labelled cultures were washed
with cold saline, precipitated with 10% trichlor-
acetic acid (TCA), and poured on to glass fibre
filters (Type E, Gelman) on a suction apparatus.
The filters were washed with 5 ml cold TCA followed
by 10 ml of methanol and placed on scintilation
vials. One-half millilitre of NCS solubiliser (Amer-
sham Searle) and 10 ml of a scintillation cocktail
(5 0 g 2,5 diphenyloxaxole (PPO) and 04 g 1,4
bis-2-(5-phenyloxaxolyl)-benzene (POPOP) per litre
toluene) were added to each vial. Radioactivity was
measured in a Packard Tri-Carb 2450 (Packard
Instruments) scintillation spectrometer.

mg/ml were optimal in our assay. The responses to
the crude gonococcal antigen (GC-I) are summarised
in Fig. 1 and Table 1. PBLs from women with
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CALCULATIONS AND STATISTICS
The results of this study are expressed in the form
of a transformation index (TI), which was calculated
by dividing the mean of triplicate antigen-stimulated
cultures by the mean of triplicate unstimulated
control cultures. As it was not possible to assume
definitively that the population in this study was
normally distributed, the sample groups were
compared using a non-parametric technique-the
median test. The median test measures the difference
in central tendencies between two independent
groups. The significance of the sample distributions
as found with the median test was determined by
x2 analysis corrected for continuity and verified by
Fisher's exact probability test.

Results

LYMPHOCYTE TRANSFORMATION WITH

CRUDE ANTIGEN

PBLs from the patients with gonorrhoea and normal
controls were tested with crude gonococcal and
crude meningococcal antigens. Preliminary experi-
ments indicated that antigen concentrations of 10

Fig. 1 Peripheral blood lymphocyte transformation
responses to crude gonococcal antigen in men and women
with uncomplicated gonorrhoea and in normal subjects.
Response shown in terms of transformation index (TI).
Each symbol represents the mean of triplicate tests on
one individual.

Table 1 Transformation index (crude antigen)
Crude antigen Subject group No. Median Range

Gonococcal Female patients 17 9-9 (1 9-52 3) p<0-001*
Female controls 10 2-1 (0-9-3 8)
Male patients 23 7-9 (1 -3-122-6)p<0 025*
Male controls 10 2-0 (0-54-9)

Meningococcal Female patients 7 26-1 (13-2-8-2)P <0-0Ol
Female controls 10 3*9 (08-9-2)
Male patients 16 8-6 (1-0-83-0) P<0-025*
Male controls 10 3-6 (0-7-10-7)

*A significant difference exists between the central tendencies of the
two groups as determined by the median test and x2 analysis.

gonorrhoea showed a significantly greater blasto-
genic response to GC-L antigen than did those from
female controls (P<0001). Of the 17 female patients
tested with GC-I antigen, 94% produced responses
greater than the highest TI found in the female
control group. PBLs from men with gonorrhoea
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stimulated with GC-I antigen displayed greater
responses than did those from male controls
(P<0-025). In the group of patients, 52% of the 23
men tested with GC-I antigen demonstrated blasto-
genic responses greater than the highest TI found in
the male control group.

Figure 2 and Table 1 summarise the PBL responses
to the crude meningococcal antigen (MGC-I). With
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Fig. 2 Peripheral blood lymphocyte transformation
responses to crude meningococcal antigen in men and
women with uncomplicated gonorrhoea and in normal
subjects. Response shown in terms of transformation
index (TI). Each symbol represents the mean of
triplicate tests on one individual.

PBLs from women patients there was also a very
significant difference in the magnitude of response
compared with that for female controls (P<0001).
All of the seven female patients had blastogenic
responses greater than those of the control group.
Men with gonorrhoea showed a somewhat greater
response to MGC-I than did male controls (P<
0 025). Only 13% of the 16 male patients tested with
MGC-I produced blastogenic responses greater than
the highest response in the male control group.
No correlation could be made between the

number of previous gonococcal infections and the
degree of blastogenic response. Another aspect was

the number of non-responders; a non-responder is
defined as an individual whose TI response was not
twice the median of his/her control group for a
given antigen. The incidence of non-responders was
much greater among male patients than female
patients (Table 2).

Table 2 Incidence of non-responders* to gonococcal
crude antigen and meningococcal crude antigen

Crude antigen

Patients Gonococcal (%) Meningococcal (%)

Women 6 0
Men 43 44

*Non-responder =an individual patient whose transformation index
is less than twice the median of the control group. Results are
expressed as the total percentage of patients classified as non-
responders.

LYMPHOCYTE TRANSFORMATION WITH SEMI-
PURIFIED ANTIGEN
Partial purification of each crude antigen was
effected by ribonuclease and deoxyribonuclease
treatment together with gel filtration chromato-
graphy. Figure 3 illustrates the elution pattern for
the semi-purified gonococcal antigen (GC-II); the
pattern for the semi-purified meningococcal antigen
(MGC-II) was virtually identical. Using antisera
produced in rabbits by immunisation with intact
gonococci or meningococci, antigens could be
detected only in the first elution peak by the methods
of immunodiffusion and indirect haemagglutination
inhibition. As shown in Fig. 3, the first peak is
primarily protein in composition. The 280 nm/260
nm ratios indicated that the second peak is largely
nucleic acid. Chemical analysis of the crude and
semi-purified antigens is shown in Table 3.

Table 3 Chemical composition of antigens (%)

Carbo- Sialic Nucleic
Antigens Protein hydrate acid acid

Gonococcal
crude 41-1 2-9 1-5 44

Gonococcal
semi-purified 82-0 2-1 0 1

Meningococcal
crude 47-3 5 0 7-1 22

Meningococcal
semi-purified 85-6 2-0 0 9 1

The results of testing GC-II and MGC-II antigens
in the lymphocyte transformation assay are sum-
marised in Fig. 4 and Table 4. PBLs from female
patients responded to GC-II antigen compared with
the control group (P<0-005); of the 10 women
tested with GC-II antigen 80% had blastogenic
responses greater than any member of the control
group. PBLs from male patients showed a slightly
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Fig. 3 Purification of RNAse and DNAse treated crude
gonococcal antigen by Sephadex G-50 chromatography.
6 ml of antigen were applied to a column of Sephadex
G-50 (2'5 x 60 cm) and were eluted by 30 mmol/l
Tris-HCI, pH 7-8. Collected fractions were 10 ml.
Void volume was approximately 120 ml.
(-- -)= absorbance at 260 nm.
( ) =absorbance at 700 nm (Lowry protein).

greater response to GC-II antigen than did the
control group (P<0-05). Of the eight male patients
tested with GC-II antigen 75% had blastogenic
responses greater than any member of the control
group. In the patients, neither the men nor the
women demonstrated a significant blastogenic
response to MGC-II antigen compared with controls,
although a few individuals displayed high stimula-
tion with this antigen.

Table 4 Transformation index (semi-purified antigens)

Antigens Subject group No. Median Range
(semi-purified)

Gonococcal Female patients 10 10-0 (3-5-31-3) p<0o005t
Controls* 6 2-0 (0 7-40) P<0-05 t
Male patients 9 5 3 (1-1-39-2)

Meningococcal Female patients 7 6-8 (1-8-13 2) P>0 05$
Controls* 6 2-7 (20-7-4) p>0-051
Male patients 9 3-3 (1 1-39-2)

*Because of the limited quantity of semi-purified antigen available
and the fact that the male and female control groups produced
virtually identical results with the crude antigen (Table 1, Figs I and
2), the control values for men and women are combined.
tA significant difference exists between the central tendencies of the
two groups as determined by the median test and x2 analysis.
:A significant difference does not exist between the central tendencies
of the two groups as determined by the median test and x2 analysis.
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Fig. 4 Peripheral blood lymphocyte responses to
semi-purified gonococcal and meningococcal antigen in
men and women with uncomplicated gonorrhoea and in
normal subjects. Response shown in terms of transforma-
tion index (TI). Each symbol represents the mean of
triplicate tests on one individual.

BLASTOGENIC RESPONSE PATTERNS
Both male and female patients exhibited an extremely
broad range of blastogenic responses to gonococcal
and meningococcal antigens. By comparison, control
subjects demonstrated lower and more uniform
responses. As a group, the female patients displayed
greater CMI responses than did male patients. Both
male and female patients had similar response
patterns to GC-I and MCG-I antigens. Female
patients showed a significant response to GC-II
antigen, while male patients showed slight stimula-
tion with GC-II. Both male and female patients
showed only slight stimulation with MGC-II
antigen.

Discussion

Problems with assay sensitivity and specificity
described in CMI studies of gonococcal infection
(Kraus et al., 1970; Esquenazi and Streitfeld, 1973;
Grimble and Mclllmurray, 1973; Kearns et al., 1973)
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are similar to those with antibody assays-namely,
impure antigens. While the antigens used in our
study were only partially purified, they were defined
and did elicit marked responses. Even considering
the many factors that may influence the degree of
blastogenic response, including patient population
differences, in many cases the transformation
indices found in our study were considerably
greater than those previously reported. Furthermore,
our results showed that a semi-purified gonococcal
protein antigen stimulated a blastogenic response.
The heterologous cross-reactions seen when MGC-I
antigen was used in our lymphocyte transformation
assay were not unexpected. Descriptions of sero-
logical cross-reactions between gonococci and
meningococci have been reported previously
(Danielsson, 1965; Buchanan et al., 1973). What
was surprising was the degree of cross-reactivity.
Immunodiffusion and indirect haemagglutination
inhibition studies in our laboratory (unpublished
data) indicated that our crude preparations shared
several antigens. These serological studies showed
that partial purification removed some of the cross-
reactive antigens. Our lymphocyte transformation
results seemed to verify this as shown by the much
lower response of patients' PBLs to the MGC-II
antigen, but not the GC-II antigen.
Comparisons of lymphocyte transformation be-

tween men and women with gonorrhoea have not
previously been made. There are precedents for the
substantially higher female response rate seen in this
study. Higher response rates for women in gono-
coccal serological assays have been reported (Lee
and Schmale, 1970; Watt et al., 1971). The tradi-
tional explanation is that as infection with N.
gonorrhoeae in women tends to be asymptomatic
(Holmes et al., 1971), the duration of infection is
much longer and thus produces a greater antibody
response.

This study has verified the lymphocyte trans-
formation response in gonococcal infection. We
feel it would be premature to dismiss such findings
as merely concomitants of infection and not repre-
sentative of protective immunity. The host defences
against uncomplicated and complicated gonococcal
infections are complex. They remain poorly under-
stood partly because traditional concepts of pro-
tective immunity have been found not to apply. It
is possible that CMI may have a functional role in
preventing dissemination of gonococcal infection
beyond the primary genital mucuous membrane
sites. We feel this possibility deserves further
investigation.
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