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Abstract

299 sex workers in Nairobi, Kenya were followed a median of 14 months (IQR: 6-24 months) until acquisition of GC infection or
censoring. At the initial visit and subsequent visits every two months, cervical samples were collected for GC and CT testing by
PCR. At baseline, 18 (6%) of the 299 women had prevalent GC infection. Thirty-one incident cases of GC were detected over
345 years of observation, giving an incidence of 9.0 GC infections per 100 women-years. After controlling for age, HIV-
serostatus and significant univariate variables, incident CT infection (Adjusted (A)HR = 5.9, 95% CI 2.2-15.8), and clinical
findings of cervicitis (AHR = 3.1, 95% CI 1.1-8.6) remained independent risk markers for incident GC. In addition, the temporality
of the relationship between the pathogens suggests a possible direct role of CT increasing the risk of GC.
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through the Sexually Transmitted Disease Cooperative
Research Center at the University of Washington AI31448)
and Sexually Transmitted Disease Clinical Trials Unit
(AI75329).

INTRODUCTION

Neisseria gonorrhoeae, the second most common sexually
transmitted bacterial infection with a global incidence of 62
million cases per year1, is an etiologic agent of pelvic

inflammatory disease and has been associated with an
increased risk of HIV-1 infection2. Multiple studies have

focused on female sex workers (FSWs) as a high risk group
for acquisition and transmission of sexually transmitted
infections (STIs)2,3,4,5, and serving as a core group in the

transmission of HIV and STIs in sub-Saharan Africa3.

However, there are limited data that indicate risk factors for
incident N. gonorrhoeae infection (GC) and interaction with
other STIs6. Given the lack of a protective anamnestic

response to GC7, discovering sociodemographic and

behavioral correlates of incident infection are important to
develop efficient disease control strategies.

METHODS

A 299 member closed longitudinal cohort of female sex
workers was assembled as part of an STI epidemiology and
immunobiology study8 in May 2000 at the Kariobangi

Nairobi City Council Clinic in Nairobi, Kenya. The study
protocol underwent ethical review and approval at the
relevant institutions. At the initial visit women were
counseled on the risks involved with their current occupation
and encouraged to find another profession. The women were
treated for any current bacterial STI, directed on harm
reduction, and provided free condoms. To join the cohort,
written informed consent was necessary as well as the
collection of demographic characteristics and a clinical
history. A general physical and pelvic examination were
included at the initial visit. Cervical specimens acquired
during examination were tested for Neisseria gonorrhoeae
and Chlamydia trachomatis by molecular detection. Blood
was taken for syphilis and HIV-1 serology as well as CD4+
and CD8+ lymphocyte counts.

Each participant was asked to return to the clinic every two
months for follow up. At each successive visit, clinical and
behavioral histories were determined since the time of the
previous visit. Women were examined for N. gonorrhoeae
and C. trachomatis infection. Every six months, blood was
drawn and tested for HIV and syphilis serology as well as
CD4 and CD8 lymphocyte counts. After every visit, women
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were asked to come back four days later to receive the
results of the tests. If positive for N. gonorrhoeae or C.
trachomatis, the woman would receive a one-time dose 500
mg of ciprofloxacin or a 7 day regimen of two daily doses of
doxycycline 100 mg.

Molecular detection of N. gonorrhoeae and C. trachomatis
was performed by polymerase chain reaction (PCR) assay
(Amplicor, Roche Diagnostic System, Inc., Somerville, NJ).
Sera for HIV serology examination was performed using a
synthetic enzyme immunoassay (ELISA, Detect HIV-1,
Biochem ImmunoSystems, Inc., Montreal, Canada). If the
serological exam was positive, a second confirmatory exam
was performed (Recombigen, Cambridge Biotech LTD,
Ireland). Serologic screening for syphilis was done using
Rapid Plasma Reagin (Bento-Dickinson, Baltimore, MD)
and Treponema pallidum hemagglutination assay (TPHA,
Biotech Laboratories, UK).

RESULTS

Demographic and clinical characteristics were assessed at
enrollment. Subjects were followed for a median of 14
months (IQR 6 – 24 months). Thirty participants were
diagnosed with 31 GC infections over 345 women-years of
observation giving an incidence of 9.0 infections per 100
women-years. Cox regression analysis was used to calculate
hazard ratios (Table 1).

Figure 1

Table 1: Baseline data and univariate analysis of the
association between incidence and demographic
characteristic, and clinical and laboratory findings for 299
sex workers enrolled in a cohort in Nairobi, Kenya.

In multivariate analysis, incident C. trachomatis infection
(CT) (AHR = 5.9, 95% CI 2.2–15.8) and clinical cervicitis
(AHR = 3.1, 95% CI 1.1–8.6) were associated with incident
GC after adjusting for age, HIV-1 serostatus and significant
univariate factors. Of the 30 participants infected with
incident GC, nine (30%) were diagnosed with incident CT at
some point during follow-up; the majority of those (5/9,
56%) were coinfected.

DISCUSSION

In a cohort of FSWs, incident infection with N. gonorrhoeae
was independently associated with incident C. trachomatis
infection and clinical cervicitis. Regular condom use and
HIV-1 seropositivity were not associated with incident GC,
but were kept in the model due to their potential



Risk Factors For Incident Neisseria Gonorrhoeae In A Prospective Cohort Of Kenyan Female Sex Workers

3 of 4

confounding effect. The majority of participants infected
with both GC and CT during the study were coinfected.
Reasons for association and coinfection include overlap of
partnership networks and that one pathogen may influence
the local immune response and therefore susceptibility to the
other.

Centralized social venues (bars) have been strongly
associated with the acquisition of N. gonorrhoeae 9. In this

cohort, 79% worked from bars. These venues provide a
central site for commercial sex that may be frequented by
repeat clients. Models indicate that denser networks, where
clients have contact with multiple partners, maintain high
endemic STI levels and increase the likelihood of infection4.

The amount of unprotected sexual encounters between
follow-up periods (mean = 23.5 ± 7.1) and the high
transmissibility of N. gonorrhoeae and C. trachomatis may
explain the rate of coinfection.

Our study is not equipped to determine the order of
pathogenic infection. However, distinct mechanisms enable
N. gonorrhoeae to increase host susceptibility to C.
trachomatis due to repression of lymphocyte proliferation
through receptor adhesion10. On the other hand, C.

trachomatis can predispose the adaptive immune system to
either a Th1 or Th2 response. A Th2 dominant response may
impede clearance of N. gonorrhoeae due to lack of an
anamnestic response to GC7.

The high frequency of antibiotic use in the study population
likely confounded the incidence of N. gonorrhoeae. In
addition, the small sample of coinfections provides little
power to elaborate on the temporality of N. gonorrhoeae and
C. trachomatis infections. However, our study suggests an

interaction between N. gonorrhoeae and C. trachomatis
infections. Future studies should explore the mucosal and
systemic immunologic correlates and temporal relationship
between these infections in other at-risk populations.

References

1. World Health Organization. Global Prevalence and
Incidence of Selected Curable Sexually Transmitted
infections: Overview and Estimates. 2001:15-19.
2. Kaul R, Kimani J, Nagelkerke NJ, et al. Monthly
antibiotic chemoprophylaxis and incidence of sexually
transmitted infections and HIV-1 infection in Kenyan sex
workers: a randomized controlled trial. JAMA 2004;
291(21):2555-62.
3. Fonck K, Kaul R, Kimani J, et al. A randomized, placebo-
controlled trial of monthly azithromycin prophylaxis to
prevent sexually transmitted infections and HIV-1 in Kenyan
sex workers: study design and baseline findings. Int J STD
AIDS 2000; 11(12):804-11.
4. Ghani AC, Aral SO. Patterns of sex worker-client contacts
and their implications for the persistence of sexually
transmitted infections. J Infect Dis, 2005; 191 Suppl
1:S34-41.
5. Fonck K, Kaul R, Keli F, et al. Sexually transmitted
infections and vaginal douching in a population of female
sex workers in Nairobi, Kenya. Sex Transm Infect 2001;
77(4):271-5.
6. Buvé A, Weiss HA, Laga M, et al. The epidemiology of
gonorrhoea, chlamydial infection and syphilis in four
African cities. AIDS 2001; 15 Suppl 4:S79-88.
7. Hedges SR, Mayo MS, Mestecky J, Hook EW 3rd,
Russell MW. Limited local and systemic antibody responses
to Neisseria gonorrhoeae during uncomplicated genital
infections. Infect Immun 1999; 67(8):3937-46.
8. Cohen CR, Koochesfahani KM, Meier AS, et al.
Immunoepidemiologic profile of Chlamydia trachomatis
infection: importance of heat-shock protein 60 and
interferon-gamma. J Infect Dis 2005; 192 (4):591-599.
9. De P, Singh AE, Wong T, Yacoub W, Jolly AM. Sexual
network analysis of a gonorrhoea outbreak. Sex Transm
Infect 2004; 80(4):280-5.
10. Boulton IC, Gray-Owen SD. Neisserial binding to
CEACAM1 arrests the activation and proliferation of CD4+
T lymphocytes. Nat Immunol 2002; 3(3): 229-36.



Risk Factors For Incident Neisseria Gonorrhoeae In A Prospective Cohort Of Kenyan Female Sex Workers

4 of 4

Author Information

William G. Harrison, MPH
School of Public Health, University of California

Teresa Kinyari, MD, MPH
Department of Medical Microbiology, University of Nairobi

Amalia Meier, PhD
Department of Biostatistics, University of Washington

Robert C. Brunham, MD
British Columbia Center for Disease Control, University of British Columbia

Rosemary Nguti, PhD
Department of Statistics, University of Nairobi

Nelly R. Mugo, MD, MPH
Department of Obstetrics and Gynecology, Kenyatta National Hospital

Craig R. Cohen, MD, MPH
Department of Obstetrics, Gynecology and Reproductive Sciences, University of California


