Antibodies to Opacity Proteins (Opa)

Correlate with a Reduced Risk of Gonococcal Salpingitis

Francis A. Plummer,*$ Hilary Chubb,* J. Neil Simonsen,* Milcha Bosire,! Leslie Slaney,* Nico J. D. Nagelkerke,?

lan Maclean,* Jackoniah O. Ndinya-Achola,® Peter Waiyaki,* and Robert C. Brunham*

*Departments of Medical Microbiology, Medicine, and Community Health Sciences, University of Manitoba, Winnipeg, Manitoba
R3E 0W3, Canada; *Centre for Microbiology Research, Kenya Medical Research Institute, Nairobi,

and $Department of Medical Microbiology, University of Nairobi, Nairobi, Kenya

Abstract

Acute salpingitis complicating cervical gonococcal infection is a
significant cause of infertility. Relatively little data are avail-
able concerning the pathophysiologic mechanisms of this dis-
ease. A cohort of 243 prostitutes residing in Nairobi were fol-
lowed between March 1985 and April 1988. Gonococcal cul-
tures were performed at each visit, and acute salpingitis was
diagnosed clinically. Serum at enrollment was tested by immu-
noblot for antibody to gonococcal outer membrane proteins.
8.6% (146/1689) of gonococcal infections were complicated by
salpingitis. Increased risk of salpingitis was associated with
younger age, shorter duration of prostitution, HIV infection,
number of gonococcal infections, and episodes of nongonococ-
cal salpingitis. Rmp antibody increased the risk of salpingitis.
Antibody to Opa decreased the risk of salpingitis. By logistic
regression analysis, antibody to Opa was independently asso-
ciated with decreased risk of gonococcal salpingitis (adjusted
odds ratio [OR], 0.35; 95% confidence interval [95%CI], 0.17-
0.76); HIV infection (adjusted OR, 3.5; 95% CI, 0.96-12.8) and
episodes of nongonococcal salpingitis (adjusted OR, 3.4; 95%
Cl, 1.8-6.4) were independently associated with an increased
risk of salpingitis. Antibody to Opa appears to protect against
ascending gonococcal infection, perhaps by interfering with
Opa mediated adherence and endocytosis. The demonstration
of natural immunity that protects against upper genital tract
infection in women suggests that a vaccine to prevent gonococ-
cal salpingitis is possible. (J. Clin. Invest. 1994. 93:1748-
1755). Key words: Neisseria gonorrhoeae * gonococcal immu-
nity « protein II « pelvic inflammatory disease ¢ cervicitis

Introduction

One of the principal reasons for the importance of Neisseria
gonorrhoeae as a health concern is its adverse impact on the
reproductive health of women. Both mathematical models and
empirical data suggest that gonococcal infections exert a strong
influence on human population growth (1), particularly in de-
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veloping countries. In sub-Saharan Africa 5-10% of asymptom-
atic healthy women have gonococcal cervicitis (2). A woman
with a gonococcal cervicitis is at high risk of developing ascend-
ing infection, acute salpingitis, and its subsequent complica-
tions. The frequency of salpingitis during gonococcal infection
is thought to be between 8 and 10% (3). Fallopian tube infec-
tion commonly results in scarring with consequent infertility;
15-40% of women develop tubal scarring after an episode of
salpingitis (3). Ectopic tubal pregnancy, with its risk of death, is
another severe consequence of acute salpingitis. The overall
frequency of ectopic pregnancy after an episode of acute salpin-
gitis is unknown, but the contribution of ectopic pregnancy to
maternal mortality worldwide is considerable (4).

The pathogenesis of gonococcal salpingitis is incompletely
understood. Factors that increase exposure, the risk of infec-
tion, and the likelihood of salpingitis in the event of a gonococ-
cal infection are all steps in the causal pathway of gonococcal
salpingitis (5). A variety of risk factors that operate at discrete
steps in the causal pathway have been described. Some risk
factors operate at multiple steps in the causal pathway but not
necessarily in the same direction. Certain organism or host
factors such as gonococcal strain characteristics (6), younger
age, race, the stage in the menstrual cycle, wearing an intrauter-
ine contraceptive device, and practices such as vaginal douch-
ing (7) have been associated with higher risk of acute salpingi-
tis. Other factors, such as hormonal contraception, have been
associated with a reduced risk of gonococcal salpingitis (8).
Most of these described risk factors for gonococcal salpingitis
operate on the exposure or infection steps. For instance, sexual
behaviour and possibly ethnicity act through increasing expo-
sure rather than involvement in the pathogenesis of salpingitis.
Overall, we have very little understanding of why one woman
develops acute gonococcal salpingitis while another has an un-
complicated course of infection.

Understanding the pathogenesis of gonococcal salpingitis
and potential immune defence mechanisms could lead to new
strategies that prevent this disease. There has been only one
study of how immunity affects the likelihood of salpingitis dur-
ing gonococcal infection. In this study, of 9 women reinfected
with a strain of the same Por type, none developed salpingitis,
whereas 5 of 10 women reinfected with a different Por type
developed salpingitis (9). However, this study did not control
for Por prevalence and did not consider the effect of other
surface components of the gonococcus. With the objectives of
understanding the role of host immune factors in gonococcal
infection and disease, we established an open cohort study of
N. gonorrhoeae epidemiology and immunity among a commu-
nity of prostitutes in Nairobi in 1985. Analysis of risk factors
for gonococcal infection have been previously reported (10,
11). Rmp antibody increased the risk of gonococcal infection



while antibody to Por and Opa had no discernible effect on the
occurrence of gonococcal infection. Here we report on the risk
factors for gonococcal salpingitis, including the effect of anti-
body to gonococcal outer membrane protein antigens, among
243 women enrolled in this study who had at least one episode
of gonococcal infection.

Methods

Study design and patient population. 243 women working as prosti-
tutes in a slum area of Nairobi were enrolled in a study of gonococcal
epidemiology in 1985. These women are part of a large open cohort
study of sexually transmitted disease epidemiology and prevention
which has been described extensively elsewhere (10, 11). Women were
followed at 2-4 wk intervals between March 1985 and July 1988.

Enrollment and follow-up of women have been previously de-
scribed (10,11). Briefly, demographic, sexual, reproductive, and medi-
cal histories were obtained in a standard format interview, and com-
plete physical examinations, including vaginal speculum and bimanual
examinations, were performed at enrollment. Specimens for culture of
N. gonorrhoeae and for serology for HIV and gonococcal immunoblot
were obtained. Women were scheduled for follow-up at 2-wk intervals.
At each visit, interval symptoms were reviewed, a genital examination
was performed, and endocervical swabs for gonococcal culture were
obtained. All women returned to the clinic 3-4 d later for results, at
which time treatment for positive cultures was administered. 4 d after
treatment, a test of cure culture was performed.

Laboratory methods. Specimens for N. gonorrhoeae culture were
immediately inoculated on modified Thayer-Martin media, trans-
ported to the laboratory within 3 h, and incubated at 37°C for 48 h. N.
gonorrhoeae was identified by colony morphology, Gram stain, and
oxidase reactivity, and later confirmed by determination of nutritional
requirements. Cultures were stocked frozen in skim milk with 10%
glycerol for later serotyping. Por serovar determinations were
performed using the monoclonal antibody typing system of Knapp
etal. (12).

Five Por serovars (1B1, 1B3, 1BS, 1A4, and 1A6) comprised 81% of
the serovars in the population. The potential role of outer membrane
protein antibody in mediating resistance to gonococcal infection was
assessed by determining the frequency of serum antibody at enrollment
to the three principal outer membrane proteins (Por, Opa, and Rmp) of
these five Por serovars circulating in the population by immunoblot.
Standardized whole-cell preparations of 18-h cultures of each serovar
were solubilized by boiling in SDS and 2-mercaptoethanol. Antigens
for each serovar were prepared in a single large batch and frozen in
aliquots for later use. Subsequently, antigen preparations were sepa-
rated by SDS-PAGE on 12.5% gels (13) and transferred to Immobilon
P, PVDF membranes (Millipore Corp., Bedford, MA) by electroblot-
ting (14). To remove potential cross reacting antibody specific for other
organisms, sera were preabsorbed with 100 ug each of whole cell prepa-
rations of N. sicca, N. meningitidis, N. lactamica, Haemophilus in-
fluenzae, H. ducreyi, and H. parainfluenzae at 4°C overnight followed
by centrifugation to remove the organisms. Membranes were pre-
blocked with a 5% skim milk in Tris-buffered saline and incubated with
absorbed sera overnight at 4°C. Immunostaining followed standard
protocols using goat anti-human IgG conjugated to horseradish perox-
idase (Jackson Immunoresearch Laboratories Inc., West Grove, PA)
and diaminobenzidine with cobalt chloride (Sigma Chemical Co., St.
Louis, MO) (15). Biotinylated and prestained molecular weight stan-
dards (Bio-Rad Laboratories, Richmond, CA) were included on the
blots. Blots were read visually by an observer blinded to the results of
clinical and epidemiologic studies. Molecular weight standards and
monoclonal antibody, all Opa specific (donated by Dr. Milan Blake,
The Rockefeller University, New York), were used to determine the
antibody specificity of antigen antibody reactions. To confirm the heat-
modifiable nature of proteins identified as Opa by immunoblotting,
PAGE gels were also run at 37°C and 56°C. The first available serum

from each of the 243 study women was tested in this assay. Only obser-
vations recorded after the date of serum collection were analyzed. Anti-
body to the three principal gonococcal outer membrane proteins
was then correlated to the subsequent occurrence of infection and
salpingitis.

Definitions and data analysis. Because we were interested in exam-
ining risk factors for gonococcal salpingitis, the analysis was limited to
women who had at least one gonococcal infection. All diagnoses of
acute salpingitis were clinical. The following criteria were used to make
a diagnosis of salpingitis. During bimanual examination, cervical mo-
tion tenderness and fallopian tube tenderness were scored from 0 to 4:
0, no tenderness; 1, complaints of tenderness; 2, objective signs of ten-
derness such as guarding; 3, severe tenderness; 4, peritoneal signs. Sal-
pingitis was diagnosed if the score for tubal or cervical motion tender-
ness was > 2. Salpingitis was ascribed to N. gonorrhoeae if the endocer-
vical culture was positive. No attempt was made to diagnosis other
causes of salpingitis. Subsequent episodes of salpingitis were defined as
new episodes if > 4 wk, during which the woman was asymptomatic,
intervened between episodes. Otherwise, they were considered to be a
single episode.

Demographic and clinical parameters and the frequency of outer
membrane protein antibodies were correlated with the frequency of
gonococcal infection. Relative risks with 95% confidence intervals, X2
tests, students’s ¢ test, and one way analysis of variance were used to
compare risks, proportions, and means (16). Logistic regression was
used to perform multivariate analysis. For multivariate analysis of the
occurrence of multiple episodes of salpingitis, we used the following
approach. The distribution of the number of episodes of salpingitis was
assumed to be binomial, with parameters P, (the proportion of gono-
coccal infections with salpingitis) and n (the number of gonococcal
cultures) (16). For P,, the logistic model: log (P/1 — P,) = 8, + B8,X, |
+ 82X, . . .) was assumed and fitted to the data using the generalized
linear interactive modelling (GLIM) program. The scale GLIM direc-
tive was used to allow for extra-binomial variance.

Results

The 243 study subjects were followed for 1-38 mo (March
1985 through April 1988). There were a total of 3,616 study
visits (mean, 14.9+11.6), and 1,689 gonococcal infections
(mean, 7.0+5.9) occurred. All women had a least one episode
of cervical gonococcal infection. 85 women experienced 146
episodes of gonococcal salpingitis (8.6% of all gonococcal infec-
tions). There were 97 episodes of nongonococcal salpingitis.
Initially, 167 women were HIV seropositive (68.7%); 54
women seroconverted to HIV during follow-up. Very few
women used condoms in the first months of the study but this
changed rapidly after June 1986 (17). Douching after sex, most
commonly with soap and water, was universally practiced
(data not shown).

Risk factors for gonococcal salpingitis are analyzed in Table
I. Compared with women with cervical gonococcal infection,
women with one or more episode of gonococcal salpingitis
were younger, reported a shorter duration of prostitution, more
frequently used antibiotics prophylactically (most commonly
tetracycline), had more gonococcal infections, more frequently
had episodes of nongonococcal salpingitis, and were more fre-
quently HIV positive. There was no relationship between the
number of sex partners per day, oral contraceptive use, con-
dom use, and gonococcal salpingitis. Too few women used
other methods of contraception for meaningful analysis.

In Fig. 1 a, a Coomassie blue-stained polyacrylamide gel of
outer membrane preparations shows the outer membrane pro-
teins of the five Por serovar panel. A representative immuno-
blot of the panel tested with absorbed sera is shown in Fig. 1 b.
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Table 1. Comparison of Infected Women with and without Episodes of Gonococcal Salpingitis

Gonococcal Gonococcal
salpingitis cervicitis
(n = 85) (n = 158) P
Age (mean yr + SD) 27.9+5.6 30.1+5.9 <0.005
Duration of prostitution (mean mo+SD) 35.5+34.3 47.1+47.3 <0.05
Sex partners per day (mean+SD) 3.8+2.3 3.8+2.1 0.95
Using antibiotic prophylaxis 11(12.9) 31 (19.6) 0.2; RR, 0.71;
95% CI, 0.42-1.2
Using oral contraceptives 22 (25.8) 43(27.2) 0.82; RR, 0.96;
95% CI, 0.66-1.4
Condom use >50% of intercourse 7(8.2) 20 (12.7) 0.3; RR, 0.72;
95% CI, 0.37-1.4
Proportion of gonococcal cultures positive 0.52%0.16 0.52+0.24 0.54
HIV negative 3(3.5) 19 (12.0)
Initially HIV seropositive 60 (70.6) 107 (67.7) <0.03; *RR, 2.7;
95% CI, 0.94-7.9
Seroconverted to HIV during study period 22 (25.8) 32(20.2)

Numbers in parentheses are percent.

* HIV-seropositive and seroconverting women are compared with HIV-negative women.

41% of women tested had Rmp antibody. Antibody to one or
more Por was detected in 92% of women. Antibody to one or
more Opa molecular variants was detected in 92% of women.
There was a direct relationship between the frequency of Por
antibody and Rmp antibody; the mean of the number of anti-
bodies to Por variants was 3.7+1.8 among women with no
antibody to Rmp compared with 4.3+1.2 to women with anti-
body to Rmp (P < 0.005, ¢ test). Antibody to Opa variants did
not correlate with Por or Rmp antibody. There was no appar-
ent association of antibody to Por and gonococcal salpingitis.
The frequency of Rmp antibody was greater among women
with gonococcal salpingitis, although the increase in risk was
modest (relative risk [RR] = 1.7; 95% confidence interval [CI],
1.04-1.88; P < 0.05).! »

Nine Opa molecular weight variants were expressed by the
five Por serovars. Although there were two pairs with similar
molecular weights, as estimated by PAGE, they appeared to
differ antigenically; individuals who reacted to one did not nec-
essarily react with the other. The number of antibody to the
nine Opa variants is compared to the risk of gonococcal salpin-
gitis in Table II. Women with one or more episodes of gonococ-
cal salpingitis had antibody to fewer Opa variants than women
with gonococcal infection but no salpingitis (x? test for trend, P
<0.01).

To explore the relationship between Opa antibody and
gonococcal salpingitis, we compared the frequency of antibody
to the nine Opa variants with the occurrence of gonococcal
salpingitis. The occurrence of one or more episodes of gonococ-
cal salpingitis, the proportion of gonococcal infections result-
ing in salpingitis, and the risk of recurrent gonococcal salpingi-
tis were compared among women with antibody to 0-3, 4-6,
and 7-9 Opa variants. The proportion of women with one or
more episodes of gonococcal salpingitis and the relative risk of
one or more episodes of gonococcal salpingitis in relation to

1. Abbreviations used in this paper: Cl, confidence interval; OR, odds
ratio; RR, relative risk.
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Opa antibody are shown in Fig. 2. 43% of women with anti-
body to 0-3 Opa variants had an episode of gonococcal salpin-
gitis compared with 35 and 21% of women with 4-6 and 7-9
Opa variants, respectively. The relative risk for one or more
episodes of gonococcal salpingitis was 0.80 (95% CI, 0.56-1.15)
and 0.48 (95% CI, 0.27-0.83) for 4-6 and 7-9 antibodies to
Opa variants compared with 0-3 antibodies to Opa variants.
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Figure 1. (a) Coomassie blue-stained polyacrylamide gel of outer
membrane preparations of the five Por serovar panel. Lane /, 1B-1;
lane 2, 1B-3; lane 3, 1B-5; lane 4, 1A-4; lane 5, 1A-6; and lane 6,
molecular weight standards. Filled squares indicate Por, filled circles
indicate Opa, and open circles indicate Rmp. (b) A representative
immunoblot of the reactivity of absorbed serum with whole cell
preparations of the five Por serovar panel. Antibody to Rmp is absent.
Filled squares indicate Por, and closed circles indicate Opa.



Table I1. Comparison of the Frequency of Antibody to Opa Molecular Variants among Women with and without Gonococcal Salpingitis

Gonococcal Gonococcal
salpingitis cervicitis
(n = 85) (n=158) P
No. of antibody to Any 77 (90.6) 146 (92.4) 0.62; RR, 0.87;
Opa variants 95% ClI, 0.49-1.5
0-3 43 (50.6) 56 (35.4)
4-6 30 (35.3) 56 (35.4) 0.005 x? test for
trend
7-9 12 (14.1) 46 (29.1)
Serovar Molecular mass
Antibody to 1B-1 34.5% 28 (32.9) 69 (44.8) 0.14; RR, 0.74;
specific Opa 95% CI, 0.51-1.1
variants 1B-1 325 25(29.4) 65 (38.0) 0.23; RR, 0.73;
95% CI, 0.5-1.1
1B-3 32.8 43 (50.5) 97 (61.4) 0.14; RR, 0.75;
95% CI, 0.54-1.1
1B-3 29.8 40 (47.1) 97 (60.1) 0.07; RR, 0.71;
95% CI, 0.5-1.0
1B-5 335 12 (14.1) 23 (14.6) 1.0; RR, 0.98;
95% CI, 0.6-1.6
1B-5 30.0 25(29.4) 75 (47.4) <0.01; RR, 0.6;
95% CI, 0.4-0.88
1B-5 29.8 41 (48.2) 82 (51.9) 0.68; RR, 0.91;
95% CI, 0.65-1.3
1A-4 30.5 41 (60.0) 104 (65.8) 0.45; RR, 0.85;
95% CI, 0.85-1.2
1A-6 30.5 48 (56.5) 118 (74.7) <0.01; RR, 0.6;

95% CI, 0.43-0.83

Numbers in parentheses are percent. * Data are in kilodaltons.

We also examined the relationship between antibody to spe-
cific Opa and the risk of gonococcal salpingitis. The results are
shown in Table II. Antibody to all but one of the Opa molecu-
lar weight variants showed some reduction in risk of salpingitis,
although statistically significant reductions in risk were only
found with antibody to the 1B-5 30.0-kD and 1A-6 30.5 kD
Opa molecular variants.

The proportion of gonococcal infections resulting in salpin-
gitis and the relative risk of salpingitis per gonococcal infection
are shown in relationship to antibody to increasing numbers of
Opa variants (Fig. 3). The risk of salpingitis per episode of
gonococcal infection was reduced with antibody to increasing
number of Opa variants. There was a stepwise reduction in the
proportion of gonococcal infections with salpingitis and the
relative risk of gonococcal salpingitis with increasing antibody
to Opa variants. The relative risk for antibody to 7-9 Opa vari-
ants was 0.28 compared with women with antibody to 0-3 Opa
variants (95% CI, 0.16-0.5; P < 0.001), and 0.86 (95% CI,
0.62-1.2; P = 0.42) for antibody to 4-6 Opa variants compared
with antibody to 0-3 Opa variants. Comparing the extremes of
frequency of antibody to Opa variants, the relative risk of sal-
pingitis per episode of gonococcal cervical infection was re-
duced almost 10-fold in women with antibody to all nine Opa
variants compared with women with antibody to 0 and 1 Opa
variants (RR, 0.13; 95% CI, 0.02-0.91; P < 0.01).

30 women had more than one episode of gonococcal sal-
pingitis. Antibodies to more Opa variants was related to reduc-
tion in the risk of recurrent gonococcal salpingitis. The relative
risk of more than one episode of gonococcal salpingitis was
0.61 (95% CI, 0.3-1.2) and 0.09 (95% CI, 0.01-0.65) for 4-6
and 7-9 antibodies to Opa variants compared with 0-3 antibod-
ies to Opa variants, respectively.

In examining the relationship of antibody to Opa variants
and other identified or potential risk factors for gonococcal
salpingitis and potential confounders, we found no relation-
ship between antibody to 0-3, 4-6, and 7-9 Opa variants and
age, the number of study visits, the duration of follow-up, the
number of gonococcal infections, the number of sex partners
per day, oral contraceptive use, the use of other contraceptives,
and the use of condoms. There appeared to be an inverse rela-
tionship between the frequency of antibody to Opa variants
and HIV-1, with 89, 77, and 65% of women with antibody to
0-3, 4-6, and 7-9 Opa variants, respectively, being HIV-1 sero-
positive, but this was not statistically significant (P = 0.76, x3).
The duration of prostitution was highly correlated with anti-
body to increasing number of Opa variants. The mean dura-
tion of prostitution was 36.4+40.3, 39.7+35.8, and 59.3+53.7
mo (+SD) among women with antibody to 0-3, 4-6, and 7-9
Opa variants, respectively (P < 0.004, analysis of variance).

To assess the independent contribution of the identified
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Relative risk Percent of women with gc PID
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Figure 2. Antibody to Opa variants and the risk of one or more epi-
sodes of gonococcal salpingitis. The percentage of women with anti-
body to 0-3, 4-6, and 7-9 Opa molecular weight variants developing
gonococcal salpingitis is shown in the histogram. The solid black lines
indicate the relative risk of one or more episodes of gonococcal sal-
pingitis, and the 95% CI are shown with the error bars.

risk factors to the occurrence of gonococcal salpingitis, we per-
formed a logistic regression. The results are shown in Table III.
The presence of antibody to 7-9 Opa variants was strongly
protective against gonococcal salpingitis (adjusted odds ratio
[OR], 0.35;95% CI, 0.17-0.76; P < 0.001). HIV infection was
independently related to an increased risk of salpingitis (ad-
justed OR, 3.5;95% CI, 0.96-11.5; P < 0.06), as were episodes
of nongonococcal salpingitis (adjusted OR, 3.4; 95% CI, 1.8-
6.4; P < 0.001). As the number of gonococcal infections would
influence the likelihood of gonococcal salpingitis, this variable

Relative risk Percent of gc with PID
12
14- -10
1.2 -8
1 7 -6
0.8 - 4
0.6
-2
0.4
0
0.2 / /
0 0-3 4-6 7-9
No. of Opa antibodies

Figure 3. Antibody to Opa variants and the risk of gonococcal sal-
pingitis per episode of gonococcal infection. The percentage of gono-
coccal infections resulting in salpingitis for women with antibody to
0-3, 4-6, and 7-9 Opa molecular weight variants is shown in the his-
togram. The solid black lines indicate the relative risk of gonococcal
salpingitis per episode of gonococcal infection, and the 95% CI are
shown by the error bars.
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Table III. Logistic Regression Analysis
of Risk Factors for Gonococcal Salpingitis

One or more episodes of Adjusted
gonococcal salpingitis OR 95% Cls P
*Opa antibody 0.35 0.17-0.76 <0.001
HIV seropositive 35 0.96-11.5 <0.06
- Nongonococcal salpingitis 34 1.8-6.4 <0.001
No. of gonococcal infections 1.1 1.04-1.2 <0.001

* Antibody to seven of the nine Opa variants.

was included in the model. The number of gonococcal infec-
tions was also associated with an increased risk of salpingitis,
although the increase in risk per positive culture was small
(adjusted OR, 1.1;95% CI, 1.04-1.2; P < 0.001). Age, duration
of prostitution, Rmp antibody, condom use, and prophylactic
antibiotic use were not independently related to risk of salpin-
gitis.

As the occurrence of gonococcal salpingitis was frequently
multiple, we performed a multivariate analysis for the occur-
rence of multiple episodes of gonococcal salpingitis using the
binomial logistic model described above. In this analysis, the
number of antibodies (0-9) to Opa variants was independently
associated with reduced risk of salpingitis per episode of gono-
coccal cervicitis (8, 0.1235; se 8, 0.04016; t, 3.07; RR, 0.88;
95% CI, 0.81-0.96; P < 0.001). Thus, the relative risk of gono-
coccal salpingitis among women with antibody to all nine Opa
variants was 0.28 compared with women with no antibody to
Opa variants. One or more episodes of nongonococcal salpingi-
tis was independently associated with an increased risk of sal-
pingitis per episode of gonococcal cervicitis (8, 0.2092; se B,
0.07283; t, 2.87; RR, 1.23; 95% CI, 1.07-1.42; P < 0.001).
HIV-1 infection and the number of gonococcal infections were
not associated with gonococcal salpingitis in this analysis.

There were 97 episodes of nongonococcal salpingitis ob-
served in 67 women during the study period. Nongonococcal
salpingitis was related to gonococcal salpingitis (RR, 2.2; 95%
CI, 1.6-3.1; P < 0.001) but inversely related to gonococcal
cervicitis; the mean proportion of gonococcal cultures positive
was 0.4410.15 among women with nongonococcal salpingitis
compared with 0.54+0.23 among women with no nongono-
coccal salpingitis (P < 0.01, ¢ test). Nongonococcal salpingitis
was unrelated to age, duration of prostitution, number of sex
partners per day, condom use, contraceptive use, and HIV in-
fection. Women with increasing numbers of antibody to Opa
variants showed a somewhat reduced risk of nongonococcal
salpingitis; 33, 26, and 21% of women with antibody to 0-3,
4-6, and 7-9 Opa variants experienced one or more episodes of
salpingitis. However, this trend was not statistically significant
(P = 0.07, x? trend test).

Discussion

The principal finding of this study is the association of anti-
body to Opa with protection against gonococcal salpingitis.
The frequency of antibody to the nine distinct Opa variants
expressed by the five Por serovars most frequent in the gonococ-
cal population was closely related to the likelihood of salpingi-
tis during gonococcal infection. The relative risk of salpingitis
per episode of gonococcal cervical infection was reduced al-



most 10-fold in women with antibody to all nine Opa variants
compared with women with antibody to less than one Opa
(RR, 0.13;95% CI, 0.02-0.96; P < 0.01). There appeared to be
a dose-effect relationship; the risk of gonococcal salpingitis de-
creased incrementally with antibody to increasing numbers of
Opa variants. Although there was evidence for some reduction
of the risk of salpingitis with antibody to all but one of the Opa
variants expressed by the study serovars, the reduction in risk
was variable and only statistically significant for antibody to
two Opa variants. This again suggests that the overall protec-
tive effect observed was cumulative. The protection against
salpingitis did not appear to be related to protection against
gonococcal infection, as antibody to Opa variants had no effect
on the frequency of gonococcal infection (11). There appeared
to be no behavioral or physiologic explanations that could oth-
erwise account for this protection. The protection also ap-
peared to be specific, in that there was no discernable effect of
Opa antibody on the occurrence of nongonococcal salpingitis.
While Rmp antibody was found to increase the risk of gonococ-
cal salpingitis, much of the increased risk appeared to be re-
lated to the increased frequency of gonococcal cervical infec-
tion, as previously reported (11). There was no effect of anti-
body to Por and the occurrence of gonococcal salpingitis.

Opa was initially described by Swanson et al. (18, 19) in
relation to the colony opacity phenotype. All clinical isolates of
the gonococcus express Opa (19, 20) and subsequent work has
shown that Opa is one of the adhesins of N. gonorrhoeae (21,
22), mediating attachment of the organism to epithelial cell
surfaces and also interbacterial adhesion. The gonococcal pilus
is probably responsible for initial attachment (23, 24), and Opa
for more close attachment (25). Opa expression has been dem-
onstrated to confer resistance to killing by normal human sera
(26, 27) and to enhance gonococcal killing by polymorphonu-
clear cell (22, 28). Opa undergoes both phase variation in that it
may or may not be expressed by individual organisms at differ-
ent times, and antigenic variation, with the repertoire of Opa
variants expressed by any one gonococcal strain being diverse
(29). The rates of change of Opa by individual gonococcus
appears to be very rapid both in vitro and in vivo (19, 30). A
single gonococcus may possess as many as 11 or 12 distinct opa
genes that are constituitively transcribed, expression being regu-
lated at transcription (31-33). The number of different Opa
expressed by a given gonococcus is limited by the number of
opa genes. However, there is evidence that the repertoire of
hypervariable and immunodominant domains of Opa is more
limited than the overall number of opa genes (31, 34). Six
unique gene sequences from both the first and second opa hy-
pervariable regions have been identified and these sequences
appear to widely distributed among gonococcal strains (31, 34).
The diversity of Opa and the genetic energy invested in it by the
organism suggests that it is an important determinant of persis-
tence of the gonococcus in its niche in the human genital tract.
Phase and antigenic variation of Opa may be mechanisms
whereby an individual organism evades developing host im-
mune defenses to a component of the organism critical to the
infectious process (24, 35). These phenomena may be of im-
portance to the ecology of the organism, in that by prolonging
infection, they increase the probability of transmission to new
susceptibles.

Opa increasingly appears to be important in the pathogene-
sis of disease from gonococcal infection. Opa is necessary for
endocytosis of the gonococcal cell by eukaryotic cells (36).

Escherichia coli expressing gonococcal Opa have also been
found to invade cervical and endometrial cell lines (37). This
may have relevance in the pathogenesis of gonococcal salpingi-
tis. In a fallopian tube model of gonococcal salpingitis, trans-
cellular migration of gonococci with the establishment of infec-
tion in the lamina propria has been observed (38). Perhaps the
organism adopts this strategy to avoid host defences or in a
quest for limited nutrients, such as iron. More recently specific
Opa have been shown to mediate gonococcal attachment to
fallopian tube tissue and mucosal damage (39).

The mechanism by which antibody to Opa reduces the risk
of gonococcal salpingitis is not clear from this study, although
the resistance to gonococcal salpingitis conferred by antibody
to Opa suggests that Opa is a key determinant in the induction
of gonococcal upper genital tract infection. Perhaps an adher-
ence process or endocytosis mediated by Opa results in the
establishment of salpingitis, the sequence of events being gono-
coccal adherence to the fallopian tube mucosa, endocytosis,
transcellular migration, and finally establishment of infection
in the submucosa. If this model is correct, antibody to Opa
variants could interfere in the pathogenetic pathway of gono-
coccal salpingitis by preventing the occurrence of transmucosal
spread of the gonococcus. As a role of antibody to Opa in me-
diating killing of gonococci has been described (26, 27), an-
other potential explanation is that antibody to Opa participates
in the killing of N. gonorrhoeae in the upper genital tract.

The known antigenic diversity, Opa together with the step-
wise increase in protection against gonococcal salpingitis ob-
served with antibodies to greater number of Opa variants, sug-
gests that the protection is derived from antibody directed at
surface-exposed variable domains of Opa that are known to
immunodominant (40, 41). There is no evidence in this study
that antibody to a common epitope mediates the observed pro-
tection. However, this model does not accord well with in vitro
studies. Different Opa appear to mediate adherence to different
cell types. The recent work by Weel et al. (36) indicated that
only one of the initially many Opa types was expressed by
intracellular organisms. The authors hypothesized that perhaps
only certain Opa types can mediate the attachment or induce
the endocytosis required for cellular penetration. If this hy-
pothesis is correct, an alternative interpretation of our study
may be that the increased protection observed with increasing
numbers of antibody to Opa subtypes indicates that with
greater experience with gonococcal strains, there is an in-
creased likelihood of developing antibody to one or a few Opa
subtypes that mediate cellular penetration.

Opa has been previously linked to gonococcal salpingitis
(42). Gonococcal isolates from the upper genital tract of
women less frequently express Opa than those from the lower
genital tract. This seemingly contradicts the most likely mecha-
nism whereby antibody to Opa acts to protect against salpingi-
tis. Perhaps after the establishment of infection in the submu-
cosa, the expression of Opa is no longer necessary. Alterna-
tively, if the protection observed in this study is mediated
through a bactericidal mechanism and antibody to Opa de-
velops during gonococcal infection, perhaps strains that do not
express Opa and ascend the genital tract by other means are
selected.

The absence of any discernible effect of antibody to Opa
variants and the risk of gonococcal cervical infection implies
that Opa-mediated adherence and endocytosis are not essential
for the establishment of infection. The process of the initial
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establishment of infection may be mediated by other ligands
such as pilus.

The other risk factors for gonococcal salpingitis identified
in this study were younger age, a shorter duration of prostitu-
tion, and HIV infection. Young age and duration of prostitu-
tion appeared to be related to the frequency of antibody to Opa
variants and may reflect the accumulated exposure to gonococ-
cal strains and immunologic experience with Opa variants.
This is supported by the strong association of the frequency of
antibody to Opa variants and the duration of prostitution.

HIV infection has been reported as a risk factor for salpingi-
tis in the past (43, 44) but not in prospective studies. In this
study, women who were initially HIV seropositive or who sero-
converted during follow-up were at higher risk of gonococcal
salpingitis (adjusted OR of one or more episodes, 4.2; 95% CI,
1.2-14.8; P < 0.05). It seems likely that HIV infection acts to
increase the risk of gonococcal salpingitis by its effects on the
immune system. There was an inverse correlation between the
repertoire of antibody to Opa variants and HIV infection. One
mechanism whereby HIV may exert its effect on the occur-
rence of gonococcal salpingitis may be a reduction in the acqui-
sition of antibody to Opa variants. Gonococcal infection may
be added to the list of infections that are more frequent or more
severe in the presence of HIV infection.

The strong association of gonococcal salpingitis with non-
gonococcal salpingitis is interesting. The strength of the associa-
tion suggest that salpingitis from which N. gonorrhoeae was not
isolated is either caused by N. gonorrhoeae or that common
risk factors (which were not identified in this study) cause both
gonococcal and nongonococcal salpingitis. If the former is true,
then nongonococcal salpingitis may represent a sequela of
gonococcal salpingitis. If the latter is true, then the risk factors
for Chlamydia trachomatis salpingitis, the most likely bacterial
cause of nongonococcal salpingitis, and gonococcal salpingitis
are quite similar. Continuing studies of this population are now
examining the epidemiology and biology of C. trachomatis sal-
pingitis.

The generalizability of these results deserve some com-
ment. While prostitutes are probably not representative of all
women, there are several advantages of studying this particular
population of women. The population is relatively homoge-
neous (ethnically and demographically), resides in a geographi-
cally distinct location (minimizing any effect of gonococcal
strain prevalence on the frequency of salpingitis), and has very
high prevalence and incidence rates of common sexually trans-
mitted infections. All women sell sex, which minimizes the
effect of differences of sexual behavior in determining risk of
sexually transmitted diseases. Finally, because infections with
N. gonorrhoeae are frequent, the effect of determinants of com-
plications such as salpingitis may be more readily observed.

Gonococcal infection remains an important human patho-
gen, accounting for a large proportion of the morbidity and
mortality (through ectopic pregnancy) experienced by women
of reproductive age in developing countries. Control of gono-
coccal infection by traditional public health strategies in devel-
oping countries is a complex and long term undertaking. The
development of new control measures, such as vaccines, would
greatly ease the control of gonococcal infection. If this is not
possible, vaccines to control some of the major adverse out-
comes of gonococcal infection, such as salpingitis and its conse-
quences, are potentially attractive. If further work confirms
that antibody to Opa protects against gonococcal salpingitis,
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this suggests that the possibility of Opa-based vaccines should
be explored.
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