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Abstract

Wetested the hypothesis that strain-specific immunity occurs
after gonococcal infection in a longitudinal study of 227 prosti-
tutes resident in one small community who experienced fre-
quent gonococcal infections. Womenwere examined and cul-
tured for Neisseria gonorrhoeae at 2-wk intervals. Gonococcal
isolates were typed according to protein 1 serovar, auxotype,
and #l-lactamase plasmid type, and classified as to serovar and
strain. The hypothesis was tested by comparing the predictions
of the hypothesis with the observations of the study. Over the
14-mo period of the study, major changes in the prevalence of
specific serovars were observed in the gonococcal population
infecting these women. Womenwith HIV infection experi-
enced a higher rate of gonococcal infection (0.56±0.03 vs.
0.46±0.04, P < 0.05, t test) compared with HIV-negative
womenand were more likely to experience multiple infections
with the same strain. The duration of prostitution was in-
versely related to the frequency of gonococcal infection.
Womenexperiencing an infection with a specific gonococcal
serovar were at a 2- to 10-fold reduced risk of reinfection with
the same serovar, except for the lB-1 serovar. The results of
the study were consistent with all four predictions of the hy-
pothesis. Infection with a specific gonococcal serovar results in
specific but incomplete protection against- subsequent infection
with the homologous serovar. The mechanism of this protec-
tion remains to be determined.

Introduction

Although much studied, the role of immunity in gonococcal
infection is uncertain. One of the certainties concerning any
putative immunity to Neisseria gonorrhoeae is that after a
gonococcal infection, the infected person may experience
many subsequent infections. Although antibody to various
surface proteins on N. gonorrhoeae can be demonstrated in
individuals experiencing infection (1, 2), and can be shown to
be bactericidal (3) (in the case of antibody to protein 1) or to
block attachment to human cells (4, 5) (in the case of antibody
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to pilus), there is no clear role for such antibodies in protection
against gonococcal infection.

In considering how gonococci interact with human popula-
tions (the ecology of N. gonorrhoeae), two conclusions seem
inescapable. First, humans must have evolved natural defence
mechanisms against a pathogen that can so profoundly affect
reproduction. Second, that N. gonorrhoeae must have evolved
mechanisms for evading these defences, to continue to coexist
with its obligate host. Over the past decade, our understanding
of -part of the ecologic relationships between N. gonorrhoeae
and humans has advanced considerably. Wenow know that
there is great diversity among gonococci and that this diversity
is dynamic (6-8). Wehave also learned that within human
populations certain segments (9, 10) (termed high frequency
transmitters) are responsible for continued endemicity of N.
gonorrhoeae in human communities.

Wehave advanced the hypothesis that the diversity and
dynamism of gonococcal populations are ecologic defence
mechanisms that allow N. gonorrhoeae to continue to exist in
human populations that are continually developing immunity
to N. gonorrhoeae (1 1). According to the hypothesis, protective
strain-specific immunity develops after a natural gonococcal
infection, ultimately resulting in immunity of the high fre-
quency transmitter population to the specific gonococcal
strains. In the face of this population immunity, a given gono-
coccal strain dies out. New strains must be continually evolv-
ing for N. gonorrhoeae to persist in the population. This hy-
pothesis has been expressed by others as well (12). In this
report we demonstrate that infection with a specific gonococ-
cal serovar results in protection against subsequent infection
with that serovar in a human high frequency transmitter popu-
lation.

Methods

In January-March 1985, we established a cohort of prostitutes in a
lower socioeconomic region of Nairobi, Kenya. These women had a
known high prevalence and incidence of sexually transmitted disease
( 13). Details of the recruitment process and the characteristics of the
study population have been published elsewhere (Simonsen, J. N., et
al. manuscript submitted for publication). A subgroup of 227 women
from the entire cohort of womenwere enrolled in a longitudinal study
of gonococcal infection, beginning in March 1985. Womenwere fol-
lowed at 2-wk intervals during the periods of the year they were resi-
dent in Nairobi. At each visit, a history, general physical exam, and
complete genital examination were performed. Endocervical swabs for
culture of N. gonorrhoeae were obtained. A follow-up appointment for
treatment of infection was made 3 or 4 d later, at which time treatment
was administered. 4 d after treatment a test of cure culture was per-
formed.

Treatment for N. gonorrhoeae varied throughout the study period.
Ceftriaxone, 125 mg i.m., and spectinomycin, 2 g i.m., were the most
frequently used treatments. Kanamycin, I g i.m., trimethoprim-sulfa-
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metrole, 400-2,000 mg for 2 d, and aqueous procaine penicillin G, 4.8
million U with 1 g probenecid and 125 mg clavulanic acid were also
used. All regimens are effective for N. gonorrhoeae.

Laboratory methods. Swabs for N. gonorrhoeae were directly plated
on modified Thayer-Martin media and transported to the laboratory
within 3 h of inoculation. Cultures were incubated in humidified can-
dle extinction jars at 370C for 48 h before reading. N. gonorrhoeae was
identified by colony morphology, oxidase reactivity, and gram stain
morphology. Strains were subcultured once after picking multiple col-
onies, stocked in skim milk with 10% glycerol, and frozen at -70'C.

Gonococcal isolates were phenotypically characterized by auxo-
type, using standard methodology (14). Protein 1 serovar was deter-
mined using a panel of 12 MAbs to protein 1 as described by Knapp
and Sandstrom (15). fl-Lactamase production, plasmid content of
strains, and minimal inhibitory concentrations of antimicrobial agents
were performed as previously described (8). Antibody to HIV was
determined by Dupont HTLV-III, ELISA, and Western blots (12).

Definitions. A gonococcal serovar is its protein 1 type as deter-
mined by the Knapp-Sandstrom MAbsystem. Wedefined a gonococ-
cal strain as a unique combination of serovar, auxotype, and #l-lacta-
mase plasmid type. An episode of gonococcal infection was defined as
the isolation of N. gonorrhoeae from the endocervix. A reinfection was
considered to have occurred when an additional gonococcal infection
was documented after an intervening negative test of cure culture or, in
the event that a test of cure culture was not performed, the reinfection
occurred within 2 wk of the prior episode and was of a different gono-
coccal strain type, or if test of cure culture was positive but of a differ-
ent gonococcal strain type. Subsequent infections were considered
treatment failures if tests of cure cultures were positive and of the same
strain type or, in the event that test of cure was not performed, if
infection with the same strain was detected within 2 wk of the preced-
ing infection. There were 20 instances in which test-of-cure cultures
were not performed; 16 were classified as treatment failures (serovars
of isolates classified as treatment failures were lB-l, 4; lB-5, 1; A1-3, 5;
1A-4, 2; and IA-6, 4) and four were classified as reinfections on the
basis of the above criteria.

Analysis of data. The number of episodes of infection in each
individual was determined. Serovar-specific reinfection rates were de-
termined by enumerating the number of episodes of infection occur-
ring after a documented infection with the homologous serovar. The
probability of reinfection with a previously experienced serovar was
compared with the probability of one infection with the serovar using
the binomial one-tailed test of exact probability. Serovars with a preva-
lence of < 10% in the gonococcal population were analyzed only ac-
cording to serotype (IA or 1B). This analysis assumes that the risk of
infection with a given serovar is proportional to the probability of at
least one infection with the serovar and that exposure of individual
women to a given strain is uniform throughout the population. Given
the sexual activity of these women (3-5 different sex partners daily),
these assumptions seem valid.

Results

227 women were enrolled in the study and followed over the
period March 1985-June 1986. 204 experienced one or more
gonococcal infections and had strains typed, 14 womenhad no
gonococcal infections, and 9 had no strains typed. The char-
acteristics of the study population are shown in Table I. In
most patients, follow-up was discontinuous because for vary-
ing periods of time women were not resident in Nairobi and
not active as prostitutes. As previously reported, a high pro-
portion of womenwere positive for antibody for HIV; 65% of
womenenrolled in the study were HIV positive (HIV antibody
status was unknown in four). The relationships between HIV
status and the variables shown in Table I have been discussed
elsewhere (16). The number of biweekly follow-up visits

Table I. History of Prostitution, Sexual Activity, and HIV
Infection in the Study Population

HIV positive HIV negative
(n = 147)* (n = 78)*

Age (mean years±SD) 29.4 (±5.9) 32.3 (±6.6) P < 0.004
Duration of prostitution

(mean months±SD) 45.3 (±40.9) 69.1 (±56.0) P < 0.005
Sex partners per day

(±SD) 4.22 (±4.67) 3.36 (±2.2) P= NS
No. of clinic visits

(±SD) 7.9 (±5.8) 8.9 (±5.6) P= NS
No. of gonococcal

infections (±SD) 3.9 (±3.1) 3.8 (±3.0) P = NS

* HIV status was not determined on two women.

ranged from 2 to 25 (mean 8.4±5.7) with 0-15 episodes of
gonococcal infection detected.

Wetested the study hypothesis by comparing the observed
data with the following four logical predictions of the study
hypothesis: (a) if strain-specific immunity to N. gonorrhoeae
occurs with resultant immunity of the population, the gono-
coccal population infecting the study population should
change rapidly with time; (b) if immunity develops after gono-
coccal infection, womenwho have HIV infection and are im-
munodeficient should be at higher risk of infection with pre-
viously experienced strains (the mean T4/T8 ratio among a
subgroup of HIV-positive women from the entire cohort was
0.93 at the outset of this study) (16); (c) the frequency of gono-
coccal infection should be inversely related to the duration of
prostitution, because womenwho have been prostitutes longer
have experienced a greater proportion of the current and entire
gonococcal strain population; and (d) womenwho are infected
with a particular gonococcal strain will be less likely to experi-
ence a second infection with that strain than womenwho have
not experienced that strain.

In Table II, the prevalence of gonococcal serovars isolated
from the entire prostitute cohort (595 women) over the study
period is shown. Four strains (1A4, 1A6, 1B3, and IB5) ac-
counted for 70% of all serovars over the initial 7 mo of the
study. The gonococcal population had changed dramatically
by the second half of the study period. A few serovars contin-
ued to account for over two-thirds of the study population but
these had changed substantially in frequency. lB-l and lB-S
serovars dramatically increased in frequency, while 1A-4 and
1B-3 strains significantly decreased in frequency. Only 1A-6
strains remained at a stable prevalence over the study period.
The changes in the gonococcal population were highly statisti-
cally significant. In comparing antimicrobial resistance pat-
terns in the two halves of the study, two trends were observed.
The frequency of ,B-lactamase-producing strains decreased
from 65 to 52% (P < 0.009) and the frequency of the mem-
brane type resistance phenotype (erythromycin minimum in-
hibitory concentration [MIC]' > 2, tetracycline MIC > 2, and
Triton X MIC > 4,000 ,g/ml) increased from 23 to 41% (P

1. Abbreviations used in this paper: C195, 95% confidence interval;
MIC, minimum inhibitory concentrations; RR, risk ratio.
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Table II. Changes in the Gonococcal Population Infecting
the Cohort over the Study Period

Initial 7 mo Second 7 mo
(n = 402) (n = 334)

IA
2 5.0* 2.1
3 3.0 7.5
4 21.6 11.1
5 1.7 2.4
6 28.1 24.9
Other 2.0 1.5

lB
1 7.2 18.6
3 11.7 5.4
5 10.4 20.1
6 3.2 0.6
7 3.5 0.9
Other 2.5 2.1

P< 10-6*

* Figures are the percentage of the entire population isolated during
each 7-mo period.
* The numbers of gonococcal isolates in each protein 1 serovar in the
two time periods were compared using the chi-square test.

< 10-6). As no antibiotics that would be expected to select for
these changes were used for treatment of gonococcal infections
in this population and most antibiotic use in the population
was for sexually transmitted disease treatment, the changes in
the gonococcal population do not appear to be a result of
antibiotic selection occurring as a result of study treatment.

Table III shows the number of infections and reinfections,
homologous serovar, and homologous strain reinfections in
the study group. A total of 497 gonococcal infections occurred
and were available for analysis. 312 met the definition of rein-
fection. Because HIV status might have an important influ-
ence on the results, the analysis is stratified by HIV antibody
status. Womenwho were HIV negative were less likely to have
gonococcal infections; the mean rate of gonococcal infection
was 0.56±0.03 in HIV-positive women and 0.46±0.04 in
HIV-negative women (P < 0.05, t test). However, we did not

Table III. HIV and Risk of Reinfection: A Comparison
of HIVAntibody Status and Overall Risk of Gonococcal
Infection, Risk of SameSerovar Reinfections, and Risk
of SameStrain Reinfections

HIV positive HIV negative
(n = 147) (n = 78)

Gonococcal infection
rate (number of
culture-positive visits
per number of visits) 0.56±0.03 0.46±0.04 P < 0.05

Episodes of reinfection 195 117 P= NS
Episodes of reinfection

with a previously
experienced serovar 51 27 P = NS

Episodes of reinfection RR= 0.26*
with a previously C095% = 0.07-0.88
experienced strain 20 3 P = 0.024

Table IV. The Relationship between Duration of Prostitution
and the Rate of Gonococcal Infection

Duration of prostitution* Gonococcal infection rate

mo No. infections per no. visits

.12 (n= 36) 0.68±0.27 1 P < 0.00
13-48 (n = 84) 0.51±0.24
>48 (n = 59) 0.41±0.22

* This information was not available on 48 women.
* t test

observe a difference in the overall risk of reinfection between
HIV-positive and -negative women. There was no difference in
the overall frequency of reinfections with previously experi-
enced serovars between HIV-positive and -negative women.
However, when the risk of reinfection with a previously experi-
enced strain was considered, womenwho were HIV negative
were fourfold less likely to experience multiple infections with
the same strain (risk ratio [RR] = 0.26, 95% confidence inter-
val [CI95%] = 0.07-0.88, P = 0.024).

The relationship between the duration of prostitution and
risk of gonococcal infections is shown in Table IV. As pre-
dicted by the hypothesis, more experienced prostitutes had
fewer gonococcal infections. There was a stepwise decrease in
the rate of gonococcal infection per visit when the duration of
prostitution was stratified as 12 mo or less, 13-48 mo, and
greater than 48 mo.

Weperformed a stepwise logistic regression analysis of the
frequency of gonococcal infection entering, sex partners per
day, HIV status, and duration of prostitution as dependent
variables. Age was highly correlated with the duration of pros-
titution and was not entered in the model for this reason.
HIV-positive womenand womenwho had been prostitutes for
a shorter period of time were at higher risk of gonococ-
cal infection (# = 0.0945+0.0451, P < 0.05, and P
= -0.003±0.008, P < 0.00, respectively). Sex partners per day
was not related to risk of gonococcal infection.

The risk of more than one infection with a given serovar
was determined as follows. The probability of infection with a
given serovar was determined from the number of womenwho
experienced one or more infections with the serovar. The exact
probability of a second infection with the serovar was then
determined from the number of subsequent homologous sero-
var reinfections using the binomial one-tailed test. The results
of this analysis are shown in Fig. 1. Serovars accounting for
> 10% of the gonococcal population are shown individually.
Rare serovars are grouped by serotype (1 A or 1 B) for analysis.
A strong and consistent reduction in risk of infection with the
index serovar after an initial infection was shown for 1A-4,
1A-6, grouped rare 1A serovars, IB-3, lB-5, and grouped rare
l B serovars. The reduction in risk of infection varied from 2-
to 10-fold (RR = 0.51-0.08). This was not true of sero-
var IB-1.

Because the classification of some infections as treatment
failures could bias the results, we analyzed the results in the
manner described above with the inclusion of isolates classi-
fied as treatment failures. The exact probabilities of the ob-
served number of reinfections were 1A-4 < 0.001, 1A-6
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Table VI. Analysis of Homologous Serovar Reinfection Strains

Total number
of strains* Identical strain Nonidentical strain

1A-4 6 5 4

IA-6 6 6 17
lB-1 5 6 10
IB-3 6 0 2
1B-5 7 4 10

The number of homologous serovar reinfections that occurred with
identical strains (same serovar, auxotype, #l-lactamase plasmid) and
with nonidentical strains is shown.
* A strain is defined as a unique serovar, auxotype, #l-lactamase plas-
mid-type class. As only two auxotypes have a significant prevalence
(proline requiring and nonrequiring) and there are three fl-lactamase
plasmid types, the number of strains is close to six for each serovar.

Discussion

Figure 1. The risk of reinfection with an homologous serovar. Solid
bars show the proportion of the entire gonococcal population for
each serovar. Shaded bars show the frequency of reinfection with the
homologous serovar. The probability of a homologous serovar rein-
fection among all reinfections occurring in womenhaving at least
one infection with a given serovar is compared with the probability
of the occurrence of at least one infection by the binomial one-tailed
test.

< 0.001, 1A other < 0.001, l B- I = 0.42, 1 B-3 < 0.003, and
lB-5 < 0.005.

The lB-I serovar is so named because it was the most
frequent l B serovar in the collection on which the typing sys-
tem is based (15). Thus, it may itself be a very diverse group.
The lB-I serovars in our population are analyzed further in
Table V. When classified by serovar, auxotype, and #-lacta-
mase plasmid, lB-I segregates into six distinct strains. How-
ever, further analysis of reinfections with l B- I strains showed
no reduced frequency of homologous strain reinfections.

Overall, considering the five most common serovars, the
total of serovar-specific subsequent infections was 534, of
which only 64 were with a previously experienced serovar.
These five serovars comprised 80% of the entire gonococcal
population. In addition, as shown in Table VI, the majority of
same serovar reinfections occurred with nonidentical strains.

Table V. Strain Types Comprising the 1B-I Serovar in the Study
Gonococcal Population from the Study Group

Auxotype

Prototrophic Proline auxotype

fl-Lactamase plasmid* 0 3.2 4.4 0 3.2 4.4
Number of isolates 7 4 4 10 2 17

* The numbers refer to the molecular mass of the fl-lactamase plas-
mid in megadaltons; 0 indicates no jl-lactamase plasmid.

The four predictions of the study hypothesis that we tested in
this study were all consistent with strain-specific immunity
developing after a gonococcal infection. The gonococcal popu-
lation infecting a group of female high frequency transmitters
changed dramatically and rapidly with time. Womenwho
were HIV positive and, presumably, immune deficient, experi-
enced more frequent gonococcal infections and were at higher
risk of homologous strain reinfection. The duration of prosti-
tution showed an inverse relationship to the frequency of
gonococcal infection. The most convincing evidence is that for
four of five serovars considered, infection with a specific gono-
coccal serovar resulted in a sharply reduced risk of subsequent
infection with that serovar. Among the five most frequent ser-
ovars, same serovar reinfections occurred in 64 of 534 subse-
quent gonococcal infections, while these serovars accounted
for nearly 80% of the gonococcal population infecting the
study group. Clearly, in this group of women, one infection
with a given serovar substantially reduces the risk of subse-
quent infection with the same serovar by whatever mecha-
nism.

One possible explanation is that the gonococcal population
is undergoing change for reasons unrelated to immunity of the
host, such as selective pressure by antimicrobial agents. This
seems unlikely in that the changes we observed were seemingly
independent of the antimicrobial agents in use for treatment of
gonococcal infections in the community. Also, the effect of
changes in the gonococcal population occurring for unknown
reasons should be minimized by the method of data analysis.
Weconsidered the probability of reinfection with a given sero-
var to be the proportion of womenwith one or more infections
with the serovar. Thus, we believe we are observing specific
protection against reinfection with homologous serovars.

The nature and specificity of the putative immune re-
sponse are obviously not clear from this study. It does seem
probable, however, that the major antigen specificity is either
protein 1 itself or closely linked to protein 1. Protein 1 would
be a likely candidate for the target of a protective immune
response. It is the major protein antigen present on the surface
of the gonococcus, antibody to protein 1 is elicited during
infection, and antibody to protein 1 can be shown to be bacte-
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ricidal (3). Furthermore, Buchanan et al. have shown that sec-
ond episodes of acute gonococcal salpingitis are uncommonly
caused by the gonococci of the same protein 1 type (17). Alter-
natively, the protein 1 serovar may only be a marker for some
other antigen to which it is closely linked, such as the gonococ-
cal pilus. Pilus may seem somewhat unlikely as a candidate
antigen for natural protective immune response given the great
variability observed in pili isolated from even one strain of N.
gonorrhoeae. However, if a strain of N. gonorrhoeae has a
finite repertoire of pilus antigens to present to a host, and most
or all of these are presented during infection, and protein 1
serovar is a marker for this antigenic repertoire, then pilus
could be the antigenic target of protective immunity.

As the protective effect we observed was not absolute nor
did it apply to all serovars studied, it is obviously not a com-
pletely impenetrable defense against a gonococcus of the same
serovar. Several explanations for the incompleteness of this
putative immune response are possible. The use of serovar as
the sole basis for classifying N. gonorrhoeae in this study results
in a relatively diverse group of organisms being classified to-
gether. Wedid this intentionally to more rigorously test the
hypothesis, but it may have the effect of obscuring protection
occurring at the level of individual strains. Some serovars (or
strains) might be more immunogenic. Perhaps the exception
of 1 B- 1 could be explained in this manner. The nature of the
initial infection could play a role in the development of immu-
nity; for instance, invasive infection could elicit a more vigor-
ous and protective immune response than less severe infec-
tions. The duration of infection could, as well, be important in
determining the immune response. Further studies will be nec-
essary to explore these possibilities.

The finding that serovar-specific immunity occurs after
natural gonococcal infection has important implications. The
most immediate is an increased understanding of the ecologic
relationship between the gonococcus and its human host. In-
creased understanding of the immune response to natural
gonococcal infection could lead to the development of new
approaches to gonococcal vaccine development. However, fur-
ther work is necessary to prove that the observed protective
effect is due to an immune mechanism and to characterize the
specificity and duration of the protective effect.
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