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ABSTRACT

Objective: Neisseria gonorrhoeae (Ng) is the sec-
ond most common sexually transmitted bacte-
rial infection (STI), leading to serious health
problems in men, women and newborns. While
early antibiotic treatment is effective, infections
are increasingly antibiotic-resistant. No sys-
tematic reviews present health problems asso-
ciated with Ng infections or their likelihood of
occurrence. The objective, therefore, was to
conduct a systematic literature review to
address these gaps.

Methods: A systematic literature review was
conducted of all studies with an English abstract
published since 1950 (Pubmed)/1966 (Embase).
The search included patients with a history of/
current sexually transmitted Ng infection.
Expected outcomes were defined from pub-
lished reviews of gonorrhoea health problems.
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Observational studies with a control group were
included. A decision tree determined the best
quality studies for each outcome, prioritising
generalisable  populations, laboratory-con-
firmed diagnosis, clearly defined outcomes, no
STI co-infections, adjusted analyses and risk
estimates. Where feasible, a meta-analysis was
performed; otherwise, the best quality study
estimates were identified.

Findings: In total, 46 studies were included,
and 22 health problems were identified. Of
these problems, Ng infection was statistically
significantly associated with preterm premature
ruptures of membranes, preterm birth, low birth
weight, stillbirth, infant death, neonatal oph-
thalmia, schizophrenia in offspring, pelvic
inflammatory disease and subsequent tubal
infertility, human immunodeficiency virus and
prostate cancer/problems. High-quality evi-
dence was generally lacking, with high hetero-
geneity across studies, and limited or
inconclusive data on other health problems.
Conclusion: Ng infection is associated with
severe health problems in women, men and
newborns. More high-quality comparative
studies are needed to address the limitations in
current knowledge.
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Neisseria gonorrhoeae (Ng) is a sexually
transmitted disease that can lead to
serious health problems in men, women
and newborns.

It is treatable with antibiotics but
antibiotic resistance is growing.
Untreatable Ng could result in the re-
emergence of health problems not seen
since the pre-antibiotic era.

We conducted a systematic literature
review and meta-analysis to identify all
health problems associated with
gonorrhoea infection and to quantify
their frequency.

In total, 46 studies were included, and 22
health problems were identified. More
high-quality comparative studies are
needed to address the limitations in
current knowledge.

DIGITAL FEATURES

This article is published with digital features,
including a graphical plain language summary,
to facilitate understanding of the article. To
view digital features for this article go to https://
doi.org/10.6084/m9.figshare.14754018.

INTRODUCTION

Neisseria gonorrhoeae (Ng) is the second most
commonly reported bacterial sexually trans-
mitted infection (STI) and results in substantial
morbidity and economic cost worldwide [1].

In both men and women, a large proportion
of the Ng infections are asymptomatic [2-4]. Ng
infections can, however, lead to a broad range
of health problems. These can be serious, such
as pelvic inflammatory disease, ectopic preg-
nancy, infertility and chronic pelvic pain for
women; epididymitis and infertility for men; as

well as arthritis, disseminated gonococcal
infections and increased HIV susceptibility and
transmissibility in both men and women [5-8].
There are also consequences for newborns of
women with an Ng infection, who can develop
neonatal conjunctivitis, blindness and, rarely,
disseminated gonococcal infection [5, 8].

Primary gonorrhoea infection is frequently
asymptomatic and undiagnosed and repeat
infection is common [9]. Particularly in women,
the first clinical presentation may be a more
serious health problem such as pelvic inflam-
matory disease [10]. The severity of Ng infec-
tions and related health problems can be
effectively reduced or prevented when infected
people receive early antibiotic treatment. There
is, however, an increase in gonorrhoea infec-
tions that are resistant to currently available
antibiotics [11]. If Ng infections become
untreatable, the burden of HIV and other seri-
ous health outcomes is also expected to increase
substantially, along with their associated
healthcare costs [12]. Prevention of Ng infec-
tions can therefore play an important role in
protecting public health and reducing the dis-
ease burden and healthcare costs.

There are no systematic reviews to date of
published studies reporting on the occurrence
of health problems associated with Ng infec-
tions or quantifying the frequency of occur-
rence of these health problems. Evidence on the
burden of gonorrhoea infection in population
subgroups at risk will be critical for the suc-
cessful development and implementation of
preventive measures [13, 14].

The objective was to conduct a systematic
literature review to answer the following
research questions: (1) What are the health
problems associated with a primary Ng infec-
tion in the general population and in subgroups
(i.e., heterosexual women and men, men who
have sex with men, pregnant women and
newborns), and what are the risks of developing
these problems? Additional research questions
were: (2) What are the relationships between
different health problems associated with sex-
ually transmitted Ng, i.e., is there a common
pathogenesis [e.g., the relationship between
pelvic inflammatory disease (PID) and chronic
pelvic pain, ectopic pregnancy and infertility in
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women, or infertility following epididymitis in
men]? and (3) What are the potential gaps in
the published evidence on health problems
associated with an Ng infection? (Fig. 1).

METHODS

A systematic literature review was conducted
following the Cochrane methodological guide-
lines [15] and Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA)
reporting guidelines [16]. Studies of interest to
address the research questions were identified
using the PICOS method (i.e., defined according
to Population, Intervention, Comparison, Out-
come, Study design).

PEER-REVIEWED

PLAIN LANGUAGE SUMMARY

The population of interest was defined as
patients of all ages with a history of or with a
current sexually transmitted Ng infection. As
the literature on Ng health problems was
expected to be limited, studies on health prob-
lems in Chlamydia trachomatis (Ct) patients,
where Ng infections were also reported, were
included—Ct-only populations were excluded.
There were no Interventions or Comparisons of
interest specified. The outcomes of interest were
health problems found in both men and
women (e.g., infertility, sepsis, meningitis,
conjunctivitis, endocarditis, peritonitis, peri-
hepatitis, polyarthralgia, arthritis, urethral
stenosis, urethral stricture, proctitis, proctocol-
itis, HIV), health problems found in women
alone (e.g.,, PID or salpingitis, ectopic
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L] Gonorrhoea is a common sexually transmitted bacterial infection which can lead to serious health
problems in men and woman, pregnant women and infants

. Symptomatic cases are currently treated with antibiotics, but the number of antibiotic-resistant

infections is increasing

. As little is know about the risks, we conducted a systematic review of published studies to gather
data on all health problems associated with gonorrhoea and how likely they are to occur

=}

IS I 5

- A range of 22 health problems associated with gonorrhoeaﬂ\‘/vere studied, and statistically
significant riskes were identified for 12 of them

) = Pregnant women were found to be at greater risk of preterm rupture of membranes and
/ inflammation after delivery.
= Infants were at greater risk of infant death, stillbirth, low birth weight and schizophrenia.
= Non-pregant women were at greater risk of pelvic inflammatory disease and HIV, while men were

at greater risk of prostate probles, prostate cancer and HIV.

.

What is the impact?

. As antibiotic-resistant infections increase, the risk of developing health problesm associated with
gonorrhoea might also be expected to increase.

L] There is an urgent need for high-quality data to understand the riskes of health problmes in order
to support future treatment and preventive strategies

Fig. 1 Plain language summary
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pregnancy, bartholinitis, endometritis, tubo-
ovarian abscess), in men alone (e.g., prostatitis
and epididymitis) or in newborns (e.g., oph-
thalmia neonatorum), and any other health
problem or outcome associated with Ng or Ct
infection. The list of possible outcomes was
based on extensive overviews of gonorrhoea
health problems published by the Centres for
Disease Control and Prevention (CDC) [5, 17]
and the Dutch National Coordination Centre
for Communicable Disease Control [6, 18]. The
study designs of interest were observational stud-
ies that included a comparator group. Case
reports, case series, editorials and reviews were
excluded. Systematic reviews and meta-analyses
were included to search their reference lists for
relevant primary studies that may have been
missed by the search.

Search and Selection Procedures

Medline (accessed through PubMed) and
Embase databases were searched by combining
disease terms for Ng and Ct with a broad list of
outcome terms for the possible health prob-
lems. Human studies, studies in any language
with an abstract in English, primary studies and
reviews published since 1950 (Pubmed) or 1966
(Embase) were included (see Appendix 1 Search
strategies). Searches were conducted on July 24,
2019.

All titles and abstracts were screened inde-
pendently by two reviewers using pre-defined
inclusion and exclusion criteria (Appendix 1
Table 1). The full text of selected papers was
screened (first 10% independently by two
researchers). Studies were excluded if they did
not answer one of the research questions or
were narrative reviews, had a small sample size
(under 25 cases) or did not present results sep-
arately for Ng and Ct. Furthermore, infection
with Ng and/or Ct must already have been
established; therefore, studies with outcome
and infection determined at the same point in
time were excluded. The reason for exclusion
was recorded at each stage of the selection
process.

The Scottish Intercollegiate Guidelines Net-
work (SIGN) methodology checklists for

observational studies were used to assess the
quality of each included study. High-quality
studies rated (++) had little or no risk of bias,
“acceptable-quality” studies rated as (+) had
some flaws with an associated risk of bias, while
low-quality studies rated as (—) had significant
flaws relating to key aspects of the study design.

Detailed data from each included study were
entered into a predefined data extraction
table in Excel (Appendix1 Data extraction)
along with the major limitations of the study
and the basis for the SIGN score. Data were
extracted by one researcher and checked by
another. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

Data Analysis

The feasibility of conducting a meta-analysis
was assessed. A preliminary review of the data
showed that it was not possible to pool data
from all studies per outcome because of high
heterogeneity observed across studies. For
example, some studies provided crude estimates
while others adjusted for confounders, and
there were differences in terms of method of
diagnosis (e.g., self-report versus laboratory-
confirmed) or definition and reporting of out-
come measures [e.g., hazard ratio (HR) versus
incidence rate-ratio (IRR)].

For each outcome, therefore, a ‘best estimate’
was determined. This could either be a single
best estimate from the highest quality study, in
case data from studies reporting on the same
outcome could not be pooled, or a pooled esti-
mate of two or more studies considered to be of
equal high-quality, i.e., not all studies identified
were used to derive a pooled estimate. To decide
whether studies could be pooled, and which
studies provided the best evidence, a decision
tree (Fig.2) was derived iteratively as data
extraction progressed. In brief, generalisable
studies conducted in the general population
with laboratory-confirmed gonorrhoea, clearly
defined outcomes and analyses adjusted for
confounding provided better quality evidence
than studies in specific high-incidence
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Population

Diagnosis of gonorrhoea

population

General population

Specific population subgroups

Laboratory-confirmed (NAAT or culture)

Diagnosis codes (e.g. ICD 9/10), physician-notified

Self-reported, physician-confirmed

Self-reported only

Outcomes

Health
outcome

Clearly defined, recognised clinical/diagnostic criteria

If multiple outcomes, most severe prioritised

i AN AN A

No clear definition

Analysis

nfection with other STIs

;

accounted for

A 4

Ng only vs. non-Ng and non-other STls
Ng only vs. non-Ng, adjusted for other STIs
Ng vs. non-Ng, both cases and controls adjusted for the other STls

A 4

Ng only vs. non-Ng, no adjustments for the other STls

Ng vs. non-Ng, no adjustments for the other STls

onfounding
accounted for

.

Outcome

statistics

A 4

Adjusted analyses (OR/RR/HR) or unadjusted with
sequential statistical analysis

Unadjusted analyses

Risk estimates: OR, RR, HR

Percentage, incidence rates
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«Fig. 2 To illustrate the application of the decision tree: for
each health outcome, studies that were of equivalent high
quality on all elements of the decision tree were pooled.
Any study that was not comparable on all elements was
reported separately. HR, hazard ratio; OR, odds ratio;
NAAT, nucleic acid amplification test; Ng, Neisseria
gonorrhoea; RR, risk ratio; STI, sexually transmitted
infection

population subgroups, self-reported gonorrhoea
or studies without adjustment for important
confounders. Studies that compared popula-
tions with only gonorrhoea to populations
without STIs were preferred to studies including
populations with gonorrhoea and other STIs. If
crude rates were presented but a rationale
showed that adjustment was not necessary (e.g.,
because univariate analysis showed no signifi-
cant results in a stepwise analysis), then adjus-
ted and unadjusted odds ratio (OR)/risk ratio
(RR)/HR were combined for that specific health
outcome. If only crude numbers were provided
and considered equal, they were pooled to
provide a crude OR or RR with confidence
intervals (CI). Where outcomes were not com-
parable, the most severe outcome was selected.
Due to the limited number of studies identified,
studies that were not considered for the best
estimate or for meta-analysis were still evalu-
ated for their consistency with the best estimate
when judging the overall effect.

If included studies were comparable in terms
of study population, exposure and outcome,
then meta-analytic techniques were used to
calculate pooled estimates, taking heterogeneity
between studies into account with a random-
effects model. Heterogeneity was assessed by
using the I? test and visual assessment of the
forest plots. When available, adjusted ORs or
RRs (aOR or aRR) were used to calculate the
pooled OR or RR.

RESULTS

In total, 46 studies were included in this sys-
tematic review from 16,081 wunique titles
reviewed (Fig.3). There were 19 studies in
pregnant women with or without outcomes in

newborns (all general-population samples), 16
studies in women (5 in high-incidence sub-
groups), 11 in men (7 in high-incidence sub-
groups) and 1 study in both men and women
(general population sample).

The majority were cohort studies (n = 33),
designed as retrospective or prospective cohort
studies, surveillance studies or population-
based linkage of registry data. There were 12
case-control studies, including two nested case-
control studies. One case series was included.

More than half of the studies were performed
in the US (n = 28). The other studies were per-
formed in Australia (n=6), Kenya (n=4),
Canada (n=3), UK (n=1), Denmark (n =1),
Taiwan (n = 1), South Africa (n=1), Ethiopia
(n =1) and Congo (n = 1).

Figure 4 shows that most of the evidence was
in pregnant women with a range of outcomes
but primarily focussing on preterm birth and
stillbirth. Ten studies focussed on the risk of
HIV in both women and men [including high-
incidence subgroups such as female sex workers
and men who have sex with men (MSM)]. In
women, PID risk was assessed in five studies.
Overall, 22 studies were published in
2010-2019, 7 in 2000-2009, 11 in 1990-1999, 5
in 1980-1989 and 1 in 1976. Most of the out-
comes in pregnant women and women were
also studied in the last 10 years whereas recent
evidence was only available for HIV and pros-
tate cancer in men.

On application of the decision tree, the
number of studies available for pooling was
limited. All the studies selected for pooling were
assessed to be of acceptable or low quality.

Findings in Pregnant Women
and Newborns

All of the 19 studies in which gonorrhoea was
diagnosed in pregnant women were conducted
in general population samples and a broad
range of 13 outcomes was assessed, some from a
single study (Fig. 4).

For premature rupture of membranes
(PROM), four studies were identified but could
not be pooled as they presented different out-
comes, i.e.,, preterm PROM (significant
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association found), prolonged PROM (non-sig-
nificant association), full-term PROM (non-sig-
nificant association), premature ruptures and
24-h ruptured membranes (both significant
associations). Three studies [19-21] found an
increased risk of PROM after gonorrhoea infec-
tion while one [22] did not. Ekwo et al. [19] and
Heumann et al. [20] reported on population-

based samples with laboratory-confirmed diag-
nosis, a clearly defined clinical endpoint and a
statistical analytic approach that accounted for
confounding. Of the two, Ekwo was selected as
the best estimate as preterm PROM was repor-
ted, which is associated with high perinatal
morbidity and mortality along with maternal

Pubmed Embase
N=11,281 N=13,251
i
g v v
~
< —
m Unique hits
n
N=16,081
Articles without abstract
* » N=2,664
Unique hits with abstract
N=13,417
&) Excluded on title and abstract
Z ¢ | - N=13,145
z v
m
E Full text selected for Ng + Ct Full text selected for Ng only
@) N=169 N=103
N
Exclusion full text - reasons
Chlamydia only (n=111)
No separate results Ct/Ng
Total full text selection (n=10)
E N=272 All subjects have outcomes
= (n=21)
— .
E Under 25 infected cases (n=23)
5 > Infection not measured before
E v outcome (n=7)
m - Cross-sectional (n=12)
Data extracﬁlon Ng only Not relevant to study objectives
N=46 (n=34)
Not full text (n=8)
(@)
m
5
— Pregnant women & Women Men Men & women
z newborns N=16 N=11 N=1
N=19

Fig. 3 PRISMA flow diagram
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PREGNANT WOMEN & INFANTS
Preterm birth

Stillbirth

Small for gestational age
Premature rupture of membranes
Low birth weight
Chorioamnionitis
Postpartum inflammation
Neonatal death
Schizophrenia in offspring
Neonatal ICU transfer
Caesarean delivery
Gonococcal ophthalmia
Infant death

WOMEN
PID and salpingitis
Tubal infertility
HIV
Pregnancy
Ectopic and tubal pregnancy
Reactive arthritis

Health problems by subgroup

MEN

HIV

Prostate cancer
Reactive arthritis
Prostate problems

WOMEN & MEN
HIV

1970s 1980s 1990s = 2000s 2010s

4 6 8 10
Number of studies

Fig. 4 Frequency of health problems studied in the literature by subgroup over time

morbidity, while Heumann studied the risk of
prolonged PROM.

For preterm birth, five of the ten identified
studies were considered sufficiently comparable
for data to be pooled, according to the decision
tree criteria. Eight studies [19-21, 23-27] found
an association between gonorrhoea and preterm
birth, four were statistically significant associa-
tions, while one study [22] found no association
(non-significant) and another study [28] repor-
ted preterm births in pregnant women with
disseminated gonococcal infection but had no
control group.

For stillbirth, there were six studies, of which
two were pooled. There was too much hetero-
geneity among the remaining studies in study
outcomes and populations and lack of adjust-
ment for coinfection and other factors. Three

studies [23, 24, 29] found an association
between maternal gonorrhoea infection and
stillbirth, one a significant association [24] and
two [27, 30] presenting crude percentages found
no association (non-significant).

A non-statistically significant increased risk
of neonatal death following maternal gonor-
rhoea infection was observed in two studies in a
general population sample with laboratory-
confirmed diagnosis using different outcome
statistics [30, 31]. Schonfeld et al. [31] were
found to provide the best estimate of risk (i.e.,
use of OR instead of crude percentages),
reporting a wide CI and positive point effect far
from the null.

A significant association was found between
maternal gonorrhoea infection and infant death
in a single, large and good-quality study [29].
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An increased risk for “small for gestational
age” (SGA) after maternal gonorrhoea infection
was observed in four studies [20, 23, 27, 32]

using different outcome statistics. The associa-
tion was non-statistically significant in two
studies [23, 32] and significance was not

Table 1 Pooled and single best estimates of the risk of health problems associated with gonorrhoea in pregnant women and

newborns

Outcome (*statistically

significant)

Result

Pooled/single best

Pregnant women and newborns

*Preterm PROM

*Infant death

*Schizophrenia in offspring

*Stillbirth

*Postpartum inflammation

(PID after delivery)

*Preterm birth

*Low birth weight

Neonatal death

Small for gestational age

Neonatal ICU transfer

Chorioamnionitis

Caesarean delivery

Gonococcal ophthalmia

(no prophylaxis)

Gonococcal ophthalmia

(with prophylaxis)

No literature found

aOR: 7.6 (95% CI
2.2-26.4)

aHR: 3.83 (95% CI
1.16-12.68)

aOR: 3.41 (95% CI
1.36-8.57)

aOR: 2.24 (95% CI
1.12-4.46)

aHR: 2.0 (95% CI
1.3-3.1)

aOR: 136 (95% CI
1.07-1.72)

aOR: 1.17 (95% CI
1.02-1.33)

cOR: 2.48 (95% CI
0.68-8.98)

aOR: 1.33 (95% CI
0.84-2.12)

aOR: 1.2 (95% CI
0.9-1.7)

cOR: 0.8 (95% CI
0.6-12)

18.4% vs. 23.3%,
P = 04279
42%

0%

NA

Single best: Ekwo et al. [19]

Single best: Warr et al. [29]

Single best: Sorensen et al. [37]

Pooled: Liu et al. [23], Moodley et al. [24]

Single best: Mahon et al. [35]

Pooled: Liu et al. [23], Moodley et al. [24], Heumann et al. [20],
Waight et al. [25], Ekwo et al. [19]

Pooled: Waight et al. [25], Moodley et al. [24], Heumann et al. [20]

Single best: Schonfeld et al. [31]

Pooled: Liu et al. [23], Heumann et al. [20]

Single best: Heumann et al. [20]

Single best: Heumann et al. [20]

Single best: Hill et al. [22]

Single best: Laga et al. [33]

Single best: Hammerschlag et al. [34]

aHR adjusted hazard ratio, 2OR adjusted odds ratio, PROM premature rupture of membranes, cOR crude odds ratio
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reported in one [27]. Findings of Liu et al. [23]
and Heumann et al. [20], both reporting ORs
and accounting for coinfection, were pooled.

Maternal gonorrhoea infection was associ-
ated with an increased risk of low birth weight
in two studies [20, 25] (one significantly asso-
ciated [20]) and one non-significant association,
though with a point estimate below the null
(non-significant) in another study [24]. Studies
were comparable enough in terms of popula-
tion, outcome definition, adjusted analyses and
outcome statistics to be pooled.

For chorioamnionitis [20, 22] and caesarean
delivery [22], no relation was observed between
maternal gonococcal infection and outcome.
For the risk of chorioamnionitis, Heumann
et al. [20] was selected over Hill et al. [22] as the
estimate of risk (OR) was considered superior to
percentages.

Gonococcal ophthalmia was strongly related
with maternal infection in one study which
found that ophthalmia neonatorum developed
in 28 out of 67 babies whose mothers had
gonorrhoeae infections, a transmission rate of
42% [33]. It was, however, very effectively pre-
vented with prophylactic treatment in another
study [34].

Two studies [35, 36] showed a significant
association between gonorrhoea infection and
various outcomes relating to inflammation after
delivery. Plummer et al. [36] studied risk of
salpingitis and endometritis within 1 month
after delivery while Mahon et al. [35] studied
PID within 1 year after delivery, excluding cases
within 1 month of delivery. Mahon provided
the best risk estimate, use of adjusted analyses
and reliable outcome statistics.

A significant association was found between
gonorrhoea during pregnancy and schizophre-
nia in the offspring in a large single study with
self-reported diagnosis and adjusted analyses
using OR [37].

Table 1 summarises the single best estimate
or pooled estimate for each outcome. Signifi-
cant associations were observed for preterm
PROM, infant death, schizophrenia in offspring,
stillbirth, postpartum inflammation, preterm
birth, and low birth weight and gonococcal
ophthalmia. Outcomes that were non-signifi-
cant, but for which the data were compatible

with a potential increased risk (point estimate
> 1) were neonatal death, SGA and neonatal
intensive care unit (ICU) transfer. Of the pre-
defined list of possible health outcomes in
pregnant women and newborns, all were
explored in at least one study (Table 1).

For all 19 studies in pregnant women and/or
newborns, publication details, study design and
outcomes are summarised in Appendix 3
Table 1, with an evaluation of the sources of
heterogeneity and rationale supporting the use
of a single best estimate (green) or pooled esti-
mate (orange) for each outcome. The forest
plots for pooled estimates are presented in
Appendix 2.

Findings in Women and Men

In total, 16 studies were included on gonococcal
infection in women, of which 6 were conducted
in high-incidence subgroups (high chlamydial
risk based on a risk score) [38], sex workers
[39, 40], high risk of lower genital tract infec-
tion [41], Aboriginal and Torres Strait Islander
women [42] and women attending an STI clinic
[43]). Six outcomes were assessed (four in the
last 10years); PID and salpingitis, tubal or
ectopic pregnancy, infertility or incidence of
pregnancy, HIV seroconversion and reactive
arthritis (Fig. 4).

Significant associations were observed for
PID and HIV in women with gonorrhoea, while
non-significant associations were observed for
ectopic and tubal pregnancy, pregnancy and
tubal infertility (except for women with a his-
tory of PID). No literature was identified for the
following outcomes in women: bartholinitis,
endometritis, tubo-ovarian abscess (Table 2).

Gonorrhoea infection in women was signif-
icantly associated with a higher risk for PID.
Five studies were included on the development
of PID or salpingitis [10, 38, 39, 44, 435], but
studies could not be pooled as outcome statis-
tics were not compatible and coinfection was
not adjusted for. Reekie et al. [44] provided the
best estimate from a large study with laboratory-
tested gonorrhoea, IRR calculated for women
with only Ng infection and analysis adjusted for
risk factors.
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Table 2 Pooled and single best estimates of the risk of health problems associated with gonorrhoea in women and men

Outcome (*statistically
significant)

Result

Best/pooled

Women

*Pelvic inflammatory disease

*HIV

Ectopic and tubal pregnancy

Pregnancy (STI clinic attendees)
Tubal infertility

Reactive arthritis

No literature found

Men

*Prostate cancer

*Prostate problems

Total prevalent LUTS
Total incident LUTS
Surgery for enlarged prostate
*HIV

MSM with only rectal gonorrhoea

MSM with only rectal gonorrhoea,

no comparator
Reactive arthritis

No literature found

Mixed population (men and women)

*HIV

No literature found

aIRR: 4.54 (95% CI 3.87-5.33)
cRR: 2.57 (95% CI 1.42-4.64)

aRR: 1.15 (95% CI 0.82-1.62)

aHR: 1.3 (95% CI 0.8-2.0)
alRR: 1.38 (95% CI 0.67-2.86)
3.8% vs. 0%

Best: Reekie et al. [44]

Pooled: Newman et al. [51], Peterman et al.
(52]

Pooled: Reekie et al. [46], Sherman et al.
(47]

Best: Wiesenfeld et al. [41]
Best: Reekie et al. [46]
Best: Rich et al. [43]

Bartholinitis, endometritis, tubo-ovaan abscess

aHR: 5.66 (95% CI 1.36-23.52)

aOR: 1.76 (95% CI 1.43-2.15)
aOR: 1.63 (95% CI 1.14-2.33)
aOR: 1.49 (95% CI 1.06-2.08)

aOR: 2.3 (95% CI 1.4-3.9)

cIncidence: 7.10 (95% CI
3.30-13.49)

0% vs. 0%

Prostatitis, epididymitis, infertility

aOR: 2.8 (95% CI 2.12-3.69),
P < 0.001

Best: Wang et al. [53]
Best: Sutcliffe et al. [56]

Best: Barbee et al. [57]
Best: Pathela et al. [60]

Best: Rich et al. [43]

Best: Beck et al. [63]

Sepsis, meningitis, conjunctivitis, endocarditis, peritonitis, perihepatitis,

polyarthralgia, arthritis, urethral stenosis, urethral stricture, proctitis, proctocolitis

aHR adjusted hazard ratio, 2IRR adjusted incidence rate-ratio, 2OR adjusted odds ratio, cRR crude risk ratio, HI}” human
immunodeficiency virus, ST7 sexually transmitted infection, 2RR adjusted risk ratio

Non-significant associations were observed
for gonorrhoea and ectopic or tubal pregnancy
based on pooled data from two studies [46, 47],

but the data were compatible with an increased
risk (point estimate > 1, but wide CI). One large
study in nucleic acid amplification test (NAAT)-
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diagnosed women comparing only Ng-positive,
Ng-positive and women with no STIs found an
increased point estimate (non-significant) of
ectopic pregnancy [46], while Sherman [47]
found a lower risk of tubal pregnancy (non-
significant) in a case-control study using self-
reported physician-made diagnosis. Studies
could be pooled as > 90% of all ectopic preg-
nancies were tubal ectopic pregnancies.

Two studies wusing laboratory-diagnosed
gonorrhoea in high-incidence subgroups repor-
ted on pregnancy after Ng infection [41, 42]. As
Aboriginal and Torres Strait Islander women are
a minority population of Australia, Wiesenfeld’s
study [41] in women attending STI clinics in the
US was considered more generalisable to other
populations and was selected as the best
estimate.

The association between gonorrhoea infec-
tion and tubal infertility was non-significant;
however, the point estimate was > 1 and the
data were compatible with an increased risk.
Four studies were included [46, 48-50]: Reekie
et al. [46] provided the best estimate, using
laboratory-confirmed gonorrhoea, while the
other studies included self-reported diagnosis.
The pooled estimate of these other studies was
comparable to the best estimate. In the study by
Cates et al. [50], the risk of tubal infertility was
significantly higher [aOR 12.6 (95% CI
5.6-28.1)] in women with overt (i.e., with a
history of) PID (11/34 had Ng infection) than in
the control group (31/1598 had Ng infection).

Gonorrhoea infection in women was associ-
ated with a significantly increased risk of HIV
seroconversion. Three studies were included
[40, 51, 52], one in sex workers [40], and all
three reported an increased risk. Data from the
two large studies using a general-population
sample were pooled.

Reactive arthritis was reported in one case
with culture-diagnosed gonorrhoea in a small
study (N = 76) following up women attending
an STI clinic [43].

Individual study details for women can be
found in Appendix 3 Table 2 with forest plots
for pooled estimates in Appendix 2.

In total, 11 studies in men were included on
gonorrhoea infection, covering outcomes of
prostate problems (in a population of health

professionals), prostate cancer (two studies in
populations of health professionals and African
American men), HIV seroconversion (all studies
in populations of MSM) and reactive arthritis
(in a population of men attending an STI
clinic). Recent studies from the last 10 years
assessed prostate cancer and HIV (Fig. 4).
Significant associations were observed for
prostate cancer, prostate problems (lower uri-
nary tract symptoms) and HIV seroconversion.
No literature was identified on the following

outcomes:  prostatitis and  epididymitis
(Table 2).
Gonorrhoea infection was significantly

associated with prostate cancer in a large gen-
eral-population sample study [53] and a study
in African American men [54], with a non-sig-
nificant association found in health profes-
sionals [55]. The studies used different outcome
statistics (HR, RR, OR) and adjusted for some
different risk factors. Wang et al. [53] provided
the best estimate as diagnosis was based on
International Classification of Diseases-10 (ICD-
10) codes whereas the other studies used self-
reported physician-made diagnoses.

Gonorrhoea infection was significantly
associated with prostate problems, e.g., preva-
lent and incident lower urinary tract symptoms
(LUTS) and surgery for an enlarged prostate, in a
single large study in male health professionals
[56].

Gonorrhoea infection was significantly
associated with HIV seroconversion in MSM in
all six studies included [57-62]. There were dif-
ferences in study design, diagnosis methods
(i.e., culture, NAAT and self-reported history)
and study population infection site (e.g., two
studies [59, 61] reported risks by rectal, pha-
ryngeal or urethral Ng infection). Barbee et al.
[57] provided the best estimate, despite only
including MSM with rectal gonorrhoea; the
analysis was adjusted for important risk factors
and gonorrhoea diagnosis was laboratory-
confirmed.

No cases of reactive arthritis were reported in
culture-diagnosed gonorrhoea or in controls
with no STIs in a small study (N = 195) follow-
ing up men attending an STI clinic [43].

Individual study details for men can be
found in Appendix 3 Table 3.
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One study [63] was included that did not
stratify results for men and women. Beck [63]
found a significant association with HIV sero-
conversion in a large mixed population of both
men and women with self-reported Ng infec-
tion (Table 2, Appendix 3 Table 4).

DISCUSSION

Until recently, gonorrhoea infection has been
treatable with antibiotics, and in the industri-
alized world, research on complications related
to gonorrhoea infection has been limited.
Antibiotic resistance is growing, however, and
gonorrhoea infection may become untreat-
able in the future. The World Health Organiza-
tion (WHO) has «called for a greater
understanding of the gaps in our knowledge
and data and research needs also with regards to
disease outcomes, particularly as interest in the
development of a gonococcal vaccine is
renewed [64].

This systematic literature review on health
problems associated with gonorrhoea infection
identified 46 studies published between 1976
and 2019, of which 22 studies were published
since 2010. The majority of studies were in
pregnant women and newborns, primarily
focussing on preterm birth and stillbirth. HIV
seroconversion in women and MSM was the
next most frequently studied outcome.

A number of significant associations were
identified by subgroup, based on pooled or
single best estimates. In pregnant women, there
was an increased risk of preterm PROM, infant
death, schizophrenia in offspring, stillbirth,
postpartum inflammation, preterm birth and
low birth weight, and gonococcal ophthalmia
without prophylaxis in general-population
samples. In women with gonorrhoea, signifi-
cant associations were observed for PID and HIV
seroconversion (in both general and high-inci-
dence subpopulations). In men with gonor-
rhoea, there were significant associations
observed for prostate cancer (in both general
and-high incidence subpopulations), prostate
problems (in the general population) and HIV
seroconversion (in the high-incidence MSM
subpopulation). An updated meta-analysis

published in 2015 of 21 observational studies
also found a significant association between
gonorrhoea infection and increased incidence
of prostate cancer, particularly in African
American men [65]. For PROM, preterm birth,
stillbirth and prostate cancer, the evidence was
less convincing as some studies showed a sig-
nificant association, but in additional evidence
this was not confirmed by all studies. For
chorioamnionitis, caesarean delivery, neonatal
ICU transfer, neonatal death, SGA, chance of
pregnancy, ectopic or tubal pregnancy, none of
the included studies showed a significant asso-
ciation with gonorrhoea infection. Data on
reactive arthritis were not sufficient to draw
conclusions.

To pool data, studies must be sufficiently
comparable in terms of population, outcome
and exposure assessed. Research methodologies
and diagnostics have evolved since the 1970s
resulting in heterogeneity across studies in
terms of populations, outcomes and diagnostic
measures, which have changed over such a large
time frame, along with the use of different
outcome statistics and adjustments for con-
founding. Therefore, it was not always possible
to pool all data per outcome. When meta-anal-
ysis was not possible, the decision-tree approach
was used to identify the best estimates from the
highest-quality studies assessing each outcome
(based on generalisability, diagnosis method,
outcome definition and statistical methods). At
times, the single best estimate identified for an
outcome could differ from the findings of other
studies assessing the same outcome, as these
may have been from specific population sub-
groups or may have used self-reported rather
than culture-defined diagnosis methods. In
other cases, there was only one low-quality
study assessing a particular outcome (e.g.,
reactive arthritis).

Several outcomes for which the pathogenesis
was well understood and which were expected
to be associated with gonorrhoea were either
not identified in any of these controlled obser-
vational studies or findings were inconclusive;
for women, these were endometritis, tubo-
ovarian abscess or bartholinitis, while for men,
no studies assessed prostatitis or epididymitis or
infertility. In both men and women, no studies
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assessed the risk following Ng infection of sep-
sis, meningitis, conjunctivitis, endocarditis,
peritonitis, perihepatitis, polyarthralgia, arthri-
tis, urethral stenosis, urethral stricture, proctitis
or proctocolitis. It is possible that these might
be rare outcomes that were not picked up in
these observational studies which excluded case
reports and studies without a control group.

Regarding general population versus sub-
group findings, most studies were in pregnant
women. This may be because pregnant women
are easier to recruit and follow up in studies
than other population subgroups, such as MSM
and sex workers. Only one study compared the
risk in a high incidence population versus a
general population directly; individuals who
identified as MSM had a 4.94 (95% CI
3.11-7.83) times higher HIV incidence rate
compared to the non-MSM population after
gonorrhoea diagnosis [62]. Because of the very
limited amount of evidence, no conclusions
could be drawn on increased risk of specific
health problems in specific subpopulations,
such as MSM.

Regarding the relationships between differ-
ent health problems associated with Ng infec-
tion, only limited evidence was identified. Two
studies analysed the association between Ng
infection and tubal infertility, stratified by type
of PID. One study stratified by history of PID
[49]: the strongest association was found in
women with a history of PID requiring hospi-
talisation, followed by a history of PID without
hospitalisation and no association was found in
women without a history of PID. Another study
[50] stratified by women with ‘atypical’ PID (i.e.,
no past history of PID) and ‘overt’ (with a his-
tory of) PID; a strong association was found
between gonorrhoea infection and tubal infer-
tility in women with overt PID (aOR 12.6 [95%
CI 5.6-28.1]) but no association was found in
women with atypical PID. Similarly, very lim-
ited information was available on the natural
history and aspects of health problems associ-
ated with sexually transmitted gonorrhoea
infections such as duration and time of onset
relative to the primary gonorrhoea infection.
We were not able to comment further on these
aspects. Finally, for some expected outcomes for
which causal pathogenic pathways have been

clearly described in the literature, we were
unable to find a statistically significant associa-
tion or no evidence was identified.

Some key strengths of this systematic review
are the use of a broad search strategy which
resulted in a large variety of studies being
identified in both the general population and
high-incidence subpopulations. Rather than
omit evidence that did not meet the criteria for
meta-analysis, a systematic approach was taken
to data summary, allowing a stepwise evalua-
tion of each aspect of the study design: the
study population, exposure, analysis and out-
come. This approach resulted in a pooled or
single best estimate for the relation of gonor-
rhoea infection with a specific health outcome,
each set in the context of the other available
evidence.

A number of limitations were noted. The
limited number of studies for some health
problems made it difficult to arrive at a coherent
estimate for these outcomes. Included studies
relating to each outcome varied in terms of
design, population characteristics, health prob-
lem definitions, outcome statistics and diag-
nostic methods to determine gonorrhoea
infection, which limited comparisons between
the studies. As noted above, data on the interval
between Ng infection and manifestation of
health problems were limited. There was also a
lack of high-quality evidence; studies were often
not primarily designed to study the relation
between gonorrhoea and health problems;
there were limited adjustments in the analyses
for health risk behaviour; no adjustments were
possible in the analyses of rare health problems
as the number of events was too low for adjus-
ted analyses; and retrospective studies could
miss asymptomatic cases. All the studies that
were pooled for comparison were of low or
acceptable quality, and the internal validity of
studies selected for pooling may not be equiv-
alent. Other limitations concern possible mis-
sed health problems, as a predefined list of
problems was used in the search string, and
because articles without abstracts were exclu-
ded, relevant (but likely older) articles could
have been missed. Data from Europe (two
studies) and Asia (one study) were limited. No
studies were included from Latin America
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considering the inclusion criteria of English title
and abstract.

CONCLUSIONS

Neisseria gonorrhoea is the second most com-
monly reported sexually transmitted bacterial
infection and results in substantial morbidity
and economic cost worldwide. Despite this, our
review covering a period of 70 years identified
only 13 studies that were of good quality, in
which 14 different health problems associated
with gonorrhoea infection were studied. No
very-high-quality studies were identified.

Overall evidence on 22 health problems
associated with Ng infection reported in 46
included studies was limited and highly
heterogenous, further limiting the ability to
pool study outcomes.

Statistically significant associations were
identified for 12 health problems (i.e., preterm
PROM, preterm birth, low birth weight, still-
birth, infant death, neonatal ophthalmia,
schizophrenia in offspring, PID and tubal
infertility after PID, HIV seroconversion, pros-
tate cancer and prostate problems), but for
others the evidence was inconsistent or insuffi-
cient. Some outcomes expected to be found in
men, based on existing knowledge of causal
pathogenic pathways, were not described in any
of the included studies, e.g., infertility in men,
prostatitis and epididymitis.

The WHO has called for improved global and
regional estimates of Ng-associated clinical and
various other disease outcomes [64]; given the
known pathogenesis of the infection, further
high-quality prospective comparative studies
conducted in the general population and in
high-incidence subgroups are warranted to
better understand the relationship between
gonorrhoea infection and health problems,
particularly for outcomes where a positive point
estimate was accompanied by wide CI, and data
were compatible with a wide range of effects
from no effect to a potentially large effect. A
large proportion of Ng infections are asymp-
tomatic. Therefore, a screening study should be
performed in a large group of people with and
without symptoms. Information should be

collected on other STIs and lifestyle factors (e.g.,
smoking) that could confound the association
between gonorrhoea and health problems. Ret-
rospective studies might be of sufficient quality,
if they include a large number of subjects and
laboratory-confirmed gonorrhoea diagnosis, if
gonorrhoea infection is established indepen-
dently from the outcome and if important risk
factors are taken into account. These types of
studies might be less complex and costly and
could bring added value relatively quickly. The
review of published studies has highlighted
some important areas of improvement in future
research. The decision tree, developed to eval-
uate the quality of studies for analysis, could be
a useful reference when designing future stud-
ies, drawing attention to key elements of the
study design that help to increase both internal
and external validity.

As more comprehensive evidence on health
outcomes associated with gonorrhoea becomes
available, the search string of the present study
should be updated to reflect this and the search
re-run to ensure maximal representativeness in
terms of health problems associated with Ng
infection.

In the interim, while data on the natural
history of infection are only partially available,
novel analytic techniques (such as Bayesian
multi-parameter evidence synthesis models)
could be considered to arrive at more coherent
or consistent estimates. Expert opinion to
interpret the present findings and their appli-
cability to health economic assessments of pre-
vention interventions against Ng infections is
also advised.
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