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General introduction

CHAPTER 1

General introduction
“Chlamydia trachomatis is one of the most enigmatic pathogens known to medical science”(1).
The pathogen was discovered in 1907, but evidence suggest that chlamydial disease is already
known for centuries. In ancient Egyptian and Chinese texts references were made to diseases
of the eye as early as 1550 BC(2). Despite a century of intensive research, specified after the
discovery of the genital form (in 1976) and the introduction of nucleic acid amplification tests
(NAATs) in the mid 1990’s, Chlamydia trachomatis (hereafter referred to as “chlamydia”) remains
the most reported bacterial sexually transmitted infection (STI) and we still do not have an answer
how to handle this bacterial infection(1). Every year around 127 million new chlamydia infections
occur(3) of which women bear a disproportional burden. Specifically because of the severe
complications such as pelvic inflammatory disease (PID), ectopic pregnancy, chronic pelvic pain
(CPP) and tubal factor infertility (TFI) that might develop in women following chlamydia infection.

1. Chlamydia trachomatis
The chlamydia bacterium is a gram-negative, obligate intracellular pathogen that infect eukaryotic
cells. This intracellular reproduction cycle is unique for prokaryotes, therefore after chlamydia was
first discovered it was believed to be a protozoa or virus. After the achievement of growing the
chlamydiae in embryonated eggs in 1957 and cell culture in 1965 the discussion whether it was
a virus or bacteria was resolved(1, 4). Based on mono- and polyclonal antibodies against the
major outer membrane protein (MOMP) chlamydia can be subdivided in three biovars: trachoma
(serovars A-C), urogenital (D-K) and lymphogranuloma venereum (LGV) which is L1, L2, L2a,
L3(5). The developmental cycle of chlamydiae includes two highly distinct forms: Elementary
bodies (EB) and reticulate bodies (RB), Figure 1. EBs are the infectious stage. EBs infect the
host epithelial cell by endocytosis and prevent fusion of lysosomes with chlamydia-containing
phagosome, thereby permitting intracellular survival. After the endocytosis EBs transform into the
vegetative and noninfectious form of RBs. These RBs divide every 2-3 hours by binary fission for
18-72 hours. By filling the endosome with RBs (100-1,000 RBs) the inclusion bodies will become
visible with antibody-specific stain in the host cell. Following this process the RBs differentiate
into new infectious EBs. These EBs are then released from the host cell either by rupture of the
host cell or exocytosis(1, 6).
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Figure 1 Chlamydia trachomatis reproduction cycle. Figure from Hammerschlag et al. 2004(7).

As chlamydia is a sexually transmitted infection, transmission occurs mainly through sexual
intercourse with mucosal contact. However, transmission via genital-to-eye contact by hands and
during birth from mother to child are also possible. Transmission rate for women when having
sexual intercourse with infected men was estimated between 13-65%, however for asymptomatic
infections transmission rates per sex act as low as 2-5% have been estimated(8-11).
Clinical manifestations
A urogenital chlamydia infection is mostly asymptomatic, about 70% of infections in women are
asymptomatic and 50% in men(12, 13). When women do have symptoms these include abnormal
vaginal discharge, dysuria, and post-coital or intermenstrual bleeding. Symptomatic men present
with urethral discharge, dysuria, and sometimes with testicular pain(14). If infections are left
untreated, most of these infections will resolve spontaneously with no complications. Clearing
rates of asymptomatic infections were found to be 50% in one year and 95% after four years(15,
16). However, in women infections can ascend to the upper genital tract which can result in severe
reproductive tract complications(17). Chlamydia infections that ascend from the vagina of the
cervix to the upper genital tract can affect the reproductive tract, i.e. endometrium, fallopian tubes,
ovaries, or pelvic peritoneum. An infection induced inflammation in the female reproductive tract is
called a PID(18). The infection can result in fibrinous or suppurative inflammatory damage along
the epithelial surface or peritoneal surface of the fallopian tubes and ovaries. This might lead to
scarring, adhesions, and partial or total obstruction of the fallopian tubes(18). Scarring, adhesions
and obstructions can cause ectopic pregnancies and tubal factor infertility. A prior chlamydia
infection may also prolong time to pregnancy in women without any visible tubal pathology, due
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to damage to the tubal mucosa (compromising embryo transport) especially the ciliated mucosal
cells or unfavourable effects in the endometrium (affecting implantation) (19).
Immune response
The female reproductive tract contains crucial cells of both the innate and adaptive immune
systems that detect and respond to a chlamydia infection, and these cells are found throughout
the vagina, cervix, uterus, and fallopian tubes(20).
The innate immune system, a non-specific system, is the first line of defense against unknown
pathogens. This first-line defense is executed by neutrophils, natural killers cells, macrophages,
and dendritic cells. Next to these immune cells, epithelial cells are suggested to play an important
role in the early immune response(21). Natural killer cells and neutrophils are first recruited at the
site of infection(22). Neutrophils are able to inactivate chlamydia in vitro(23). Natural killer cells,
although primarily involved in viral infections and cancer, also play an important role in in the early
elimination of intracellular bacteria(24, 25). Natural killer cells produce interferon gamma which
is important in inhibiting the growth of chlamydia(26) and induce a Th1 immune response(22).
Macrophages migrate to the infection site, phagocytose bacteria, and produce proinflammatory
cytokines(27, 28). Furthermore, macrophages autophagy enhances antigen presentation to T
cells(29) and may have an effect on infection by inducing T cell death. Last, dendritic cells are
the most important antigen presenting cells. Immature dendritic cells are highly phagocytic, and
degrade after internalization of the bacteria components and present these to T cells via major
histocompatibility complex. Presentation of peptides to T cells initiate a cell mediated or humoral
immune response(22, 30, 31).
Major cellular components of the adaptive immune response are T cells and B cells. T cells
depend on the help of antigen presenting cells to recognize either pathogens or antigens. T cells
recognize chlamydia antigens such as Outer membrane protein 2 (Omp2)(32), polymorphic outer
membrane protein D (pmpD)(33), MOMP(34), heat shock protein 60 (hsp60)(35), and chlamydial
protease activating factor (CPAF)(36). Chlamydia can induce a Th2-associated response, but
the Th1 immune response predominates. A Th1 response is characterized by the production of
interleukin-12 by antigen presenting cells(37) and the following initiation of interferon producing T
cells and plasma B cells. T cells and plasma B cells then secrete Th1-associated antibodies(22,
38, 39), Figure 2. Numerous chlamydia antigens can induce antibody responses which play a
role in protective immunity. B cells might be primarily important for secondary infection opposed
to initial infections(40, 41).
To conclude, for the initial clearance of a chlamydia infection, cell-mediated immunity that activates
neutrophils, natural killer cells and macrophages is required. For protective immunity both cellmediated and humoral immunity are needed(22).

12

General introduction

1

Figure 2 Immune response to Chlamydia infection: Innate and adaptive response. At time of infection
macrophages and dendritic cells (antigen presenting cells) are sequestered to the site of infection and
release pro-inflammatory cytokines such as IFNy and IL-12. These chemokines activate natural killer cells
and induce the maturation of T cells into CD8+ or CD4+ T cells. In turn CD4+ T cells form to either T-helper
1 or T-helper 2 type T cells. T-helper 1 cells interrelate with B cells via the T cell receptor and the major
histocompatibility complex to create antibodies against the chlamydia infection. Figure from Redgrove et
al., 2014(42).

Detection and treatment
Detection and treatment of the infection is straightforward. Detection of the Chlamydia trachomatis
bacterium is done with NAATs on cervical swabs, rectal swabs, pharyngeal swabs or urine samples.
NAATs have a high sensitivity and specificity to detect the chlamydial bacterium(43). European
guidelines recommend treatment of uncomplicated urogenital (non-LGV) and pharyngeal infections
with 1 gram of azithromycin and for rectal infections 100mg doxycycline twice a day for seven
days(44). A test of cure is not recommended. Recent updated guidelines from British Association
for Sexual Health and HIV (BASHH) recommend doxycycline over azithromycin for uncomplicated
chlamydial infections(45). A similar guideline change in European guidelines might be expected.
In contrast to current infections, detection of past infections is less straightforward. Methods to
detect chlamydia antibodies have been available for decades. Serology can be used to investigate
chlamydia population prevalence and serve as a biomarker of chlamydial pathology having found
its use in the triage of sub-fertile women attending at the department of gynecology if they did
not get pregnant in one year. But despite the potential and the availability, the use of serological
assays for clinical and epidemiological purposes remained limited due to questions about the
performance and interpretation of chlamydia serological assays(46). For example the sensitivity of
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which the range is 30-93% depending on ‘golden standard’ and assays used(47). Nevertheless,
chlamydia serology can be useful in detecting previous infections which otherwise would have
been missed.

2. Interpatient variability
The clinical course of a chlamydia infection and development of complications differ greatly
between women. Pathogen factors, epidemiological context, host factors (immune response and
genetics) all play individually and in combination an important role in this course(48).
Pathogen factors
Many studies have been performed to assess a possible association between the different
chlamydia serovars and repeat infection or clinical course of infection. In most countries, including
the Netherlands, serovars E and F are predominant(49-51). From several studies it is suggested
that serovars D and I are associated with asymptomatic infection and serovar G with a more
symptomatic course of infection(52, 53). Serovar E and D were found to give the highest IgG
responses(54). In mouse models it was found that serovars E and D had the longest infections
duration and serovars H and I the shortest(55). Although these associations are primarily linked
to a symptomatic course of infection and not directly to late complications, these results suggest
that different serovars may contribute to chlamydial pathogenesis(48).
Epidemiological context
It is well established that several epidemiological factors contribute to the risk for late complications.
First are repeat infections, which represent a substantial proportion of all detected chlamydia
infections. Repeat diagnosis of chlamydia might be due to reinfections, treatment failures, or
persistent infections(48). The rate of reinfections is high, between 20-30% and associated with
sexual risk behavior(56-58). The risk for PID, ectopic pregnancy and TFI increases after reinfections
(59-61). Repeat chlamydia infections increase the risk for PID a further 20% and every repeated PID
doubles the risk for TFI(62, 63). Although these reinfections might be due to sexual risk behavior
or treatment failure the rise of reinfections over time might also be caused by another determinant.
It is proposed that because of increased testing and treating the development of natural immunity
is impaired. The consequence might be that people are more at risk for a repeat infection. This
is called the arrested immune hypothesis, which states that reinfections and late complications
are less likely to occur in women who have spontaneously cleared their initial infection and have
therefore some protective immunity(48, 64, 65). Next to chlamydia reinfections, co-infections
might increase the risk for sequelae. Co-infections with gonorrhea did not increase the risk for
PID additively(66), but bacterial vaginosis during a chlamydia infection was associated with an
increased risk for PID(67).
Furthermore, young age is associated with contracting a chlamydia infection. The highest incidence
is found among 15-19 years old’s(68, 69), however sexual risk behavior increases with age, this
might indicate a development of a partial protective immune response(70). PID rates however
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increase with older age(71). Sexual risk behavior in itself, such as a younger age at sexual debut, a
higher number of lifetime partners, and previous STIs increased the risk for late complications(48,
72). It is however difficult to determine if this is a direct effect or an indirect effect due to the risk
of multiple infections.
Host factors
Host immune response
As described previously in ‘Immune response” multiple studies about the immune response
to a chlamydial infection support a predominant Th1 or cytotoxic profile or immune response.
Although this Th1 immune response is needed to resolve the infection, it can also result in tissue
pathology and late complications(73). This is called the immunological paradigm for chlamydia
pathogenesis. Previously it was thought that the underlying core of this paradigm was delayedtype hypersensitivity or autoimmune molecular mimicry, but in 2003 the ‘cellular paradigm’ was
introduced as a basis for the immunological paradigm(48, 73). This paradigm of chlamydia
pathogenesis states that the host response to chlamydia is initiated and sustained by epithelial
and endothelial cells, the primary home for chlamydia(74). The inflammatory processes are
necessary and sufficient to account for chronic and intense inflammation and the promotion of
cellular proliferation, tissue remodeling and scarring(73). It is however unclear why a Th1 profile
results in either clearance of an infection or pathology.
Host genetic factors
The cellular immune response to a chlamydia infection might be subject to host genetic influences.
The degree and mechanisms of such genetic control have important implications for understanding
of chlamydia pathogenesis(75). Results from a twin study from a trachoma endemic area about
chlamydia immunogenetics suggested that host genetic factors contributed to almost 40% of the
variation in the immune response to chlamydia(76). The scarring of the eye and the scarring of the
ovarian tubes have a remarkable immunogenetic resemblance (75), and therefore it is expected
to find a similar effect of host genetics on tubal pathology. Previous studies investigating the role
of variation in the genetic predisposition in genital chlamydia showed increased or decreased
risks for late complications(77). For example single nucleotide polymorphisms (SNPs) in tolllike receptors (TLRs), which are essential in recognizing pathogenic components, can have
increased and decreased risks for developing tubal factor infertility. In haplotype analyses the
distribution of TLR9 haplotype –1486 T (rs187084), –1237 C (rs5743836), +1174 G (rs352139),
and +2848 A (rs352140) were found more frequently in women who developed tubal pathology.
The TLR2 haplotype 1 (-16934 T / +2477 G) had an protective effect on the development of tubal
pathology(78). A different example is a 32-bp depletion within the CCR5 gene. CCR5 (Chemokine
Receptor Type 5) is a chemokine receptor present on several immune cells. The 32-bp deletion
results in an alteration of the function due to premature termination of the protein(79). Barr et al.
found that when both alleles were mutated, this resulted in a protective effect against developing
tubal pathology(80). However, these results could not be reconfirmed (81). Many other variations
in genes have been associated with chlamydia disease outcome, however it is often difficult to
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confirm previous findings. Nevertheless, it is clear that host genetic factors play a role in the
susceptibility to and severity of chlamydia infection(77).

3. Epidemiology of chlamydia
With an estimated 127 million new infections in 2016 worldwide, chlamydia remains the most
reported bacterial STI (3). The estimated pooled prevalence of chlamydia in 15-49 year old women
was 3.8% (95%CI 3.3-4.5) and 2.7% (95%CI 1.9-3.7) in men. Regional values ranged from 1.5
to 7.0% in women and 1.2%-4.0% in men(3). Upper-middle and lower income countries had the
highest chlamydia prevalence’s.
In the Netherlands, there are an estimated 60,000 new chlamydia infections each year(82, 83). In the
past two decades, three studies estimated the chlamydia population prevalence in the Netherlands.
This was 2.0% (95% CI 1.7 to 2.3) in 2002/2003 among 16-29 year old’s, 2.7% between 2008-2011
among 16-29 year old’s and 2.8% (95% CI 1.5% to 5.2%) in 2016/2017 among 18-34 year old’s,
all within each other’s 95% confidence interval(82, 84, 85). At the Sexual Health Centers (SHC),
detailed information of clients who are tested for chlamydia about characteristics and sexual risk
behavior is collected. Sixty percent of all chlamydia infections is diagnosed among heterosexual
men and women under 25 years of age. Percentage positive is highest among people notified for
chlamydia (32%). High positivity rates were also seen among heterosexual men with symptoms,
lower educated men and women and having had and STI in the previous year(68). SHCs focus on
risk groups, that is why chlamydia positivity is much higher compared to the general population,
i.e. 15% in women and 18% in heterosexual men. Due to a stronger focus on risk groups through
recent years the positivity rate increased from 11% in 2009 to 15% in 2016 in women and 11% in
2009 to 18% in 2016 in men.(68). Despite this increase in test positivity, population prevalence’s
as described above remained similar over the last two decades. In a population based chlamydia
serology study, seroprevalence was 9% among women and 6% among men in 2007 in the age
of 15-39(86). Given a test sensitivity for detecting past infections from about 38% measured in
a previous study, true proportion of people ever infected with chlamydia might be around 23%
for women and 15% for men(47). This high proportion might result in many women affected by
chlamydia related complications.
Estimations for chlamydia complications risks ranged widely. Estimated risks of PID following a
chlamydia infection varied between 0.5% and 72% depending on the study population and the
definitions used (87-92). Subfertility as a result of prior chlamydia infection was estimated to occur
in 0.1-6% of women infected (87, 93), and 0-1% of women with a prior infection may develop an
ectopic pregnancy (94, 95). Because of these wide ranges, questions remained about the exact
risk for a complication following an infection.

4. Chlamydia control
The aim of chlamydia control is to reduce chlamydia prevalence and morbidity. (Cost-) Effectiveness
of control activities are directly linked to the height of the infection prevalence and the size of the
risk for complications(89). For example the number needed to screen is lower when a risk size
is higher and visa versa. This endorses the importance of accurate risk estimates. The rationale

16

General introduction

for screening is that detection of asymptomatic infections will allow early treatment and prevent
onward transmission and complications(96). Chlamydia control activities vary greatly within
European countries. ECDC performed a systematic survey of chlamydia control activities in
Member States in 2012. Six countries (21%) did not have any organized chlamydia control activity,
whereas thirteen countries (46%) had opportunistic testing and only one had a screening program,
the UK. Chlamydia control in the Netherlands is characterized as opportunistic testing(97). Easy
access to healthcare is implemented in the Netherlands. Regular STI care is provided by general
practitioners (GPs), SHC and in case needed by a medical specialist. The majority of chlamydia
tests is done by GPs. In addition to GPs, SHC subsidized by the Ministry of Health, Welfare and
Sports, provide low threshold, free-of-charge STI/HIV testing and care, targeted at high-risk groups.
Risk groups are currently defined 1) People with STI related symptoms, 2) Notified for an STI, 3)
Men who have sex with men (MSM), 4) Originating from an HIV/STI endemic area, 5) Reporting a
partner from an HIV/STI endemic area of MSM, 6) Aged under 25, 7) Sex worker or last 8) Being
a victim of sexual violence. Through the years, mainly because of financial constraints, SHC have
prioritized populations at highest risk of an STI(68).
Chlamydia screening programme’s
As mentioned above the UK, as the only country in Europe, implemented in 2002 the National
Chlamydia Screening Programme (NCSP). The NCSP recommends all sexually active youngsters
until the age of 25 to be tested annually for genital chlamydia infection or on change of partner. A
re-test should be offered three months following a positive test. Screening is arranged within a range
of providers such as GPs, pharmacies, contraception services, sexual health and reproductive
services and pregnancy termination services(98, 99). Annually between 1.5 to 2 million chlamydia
tests are being undertaken and about one in every three women is tested. Overall positivity was
around eight percent in 2015(100).
To determine if a chlamydia screening could be effective in the Netherlands, a chlamydia prevalence
pilot was performed in 2002/2003. The aim of the pilot was to examine the chlamydia population
prevalence and the feasibility of a screening programme through general practices and municipal
public health services (MHS). Because of low prevalence’s found in rural populations, targeted
approaches and prioritizing high risk area’s was suggested. Home based testing organized by
MHS in close cooperation with regular care was feasible. It was advised to expand the body of
evidence before a new nationwide screening should be implemented(84). In 2008 the Chlamydia
Screening Implementation (CSI) study started. The objectives were to investigate the effect of
yearly invitations for chlamydia screening on the percentage of positive chlamydia tests, uptake
of chlamydia screening and to estimate impact on chlamydia prevalence among sexually active
women and men in the Netherlands. In three regions in the Netherlands: Amsterdam, Rotterdam
and South Limburg, over 300,000 women and men aged 16-29 years participated between 2008
and 2011 in the CSI. Participation rate was however low, 16% in the first round and only 10% percent
in the third round. Prevalence did not substantially decline in the intervention blocks compared to
the controls blocks (0.2% difference.) which resulted in an odds ratio of 0.96 (95%CI 0.83-1.10).
It was concluded that there was no statistical evidence of an impact on chlamydia positivity rates
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or estimated population prevalence from the CSI programme. The evidence did not support a
national roll out of a register based chlamydia screening programme(85).
Effectiveness of current chlamydia control measures on prevalence and complications
In the Netherlands it was decided to forgo a national chlamydia screening programme because
of limited impact on chlamydia prevalence in the ‘real world’. And also for the English National
Chlamydia Screening Programme (NSCP), there is no evidence of effectiveness on population
prevalence(88). A Cochrane review determining the effect of chlamydia screening programmes
on prevalence reduction concluded a lack of evidence(101). Moreover, the Australian Chlamydia
Control Effectiveness Pilot (ACCEPt), that investigated the effect of opportunistic testing in primary
care clinics on the prevalence of chlamydia infections, concluded that “sizeable reductions in
chlamydia prevalence might not be achievable”(102).
There is evidence of an impact of chlamydia screening on PID reduction in women in the Cochrane
review. However, the size of the effect is uncertain due to biases in included studies which might
exaggerated the effect. Studies with high risk of bias detected an average of 58% reduction in
PID following chlamydia screening, compared to 20% (non-significant) reduction in studies with a
low risk of bias. Only one included trial determined the effect of screening on female infertility and
ectopic pregnancy. However, for both outcomes, no impact was found. None of the included trials
included harms of screening(101). In the ACCEPt trial, results showed a reduction in hospital PID
in the intervention group of 40%. However, no reduction was seen in clinic PIDs. The conclusion
was that a substantial reduction in chlamydia associated complications might again not be
achievable(102). In the evaluation of the NSCP it was concluded that monitoring frequency of
PID and ectopic pregnancies did not provide clear evidence of an impact of chlamydia screening
on these disease outcomes in England to date(100).
To conclude, evidence of an impact of chlamydia screening or opportunistic testing on chlamydia
prevalence reduction is lacking. There is some evidence of an impact of chlamydia screening on
PID reduction, but a substantial impact is questionable. Last, there is no evidence of an impact
of screening on infertility and ectopic pregnancy or harms of screening. What will be the future
of chlamydia control?

5. Determining risks for chlamydia related complications: the Netherlands
Chlamydia Cohort Study (NECCST)
To sum up, chlamydia remains the most reported bacterial STI worldwide as well as in the
Netherlands despite comprehensive research in how to address this bacterial infection and
extensive chlamydia control measures. In women these infections can lead to severe complications
resulting in infertility. It can be concluded that in real world settings there is no evidence of an
effect or substantial reduction of chlamydia screening program’s and opportunistic testing on
chlamydia prevalence. It might therefore be more effective to focus on prevention of complications
following infection instead of prevention of infections. However, estimates of complications rates
following infection as described above range widely; incidences of complications from chlamydia
infections and its determinants have not been clearly established. Current estimates were based
on studies using several different designs all with associated strengths and limitations, Table 1.
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Table 1. Study designs that were performed to assess complication rates following chlamydia infection
Study design

Strenghts

Limitations

Randomised controlled
trial (RCT) (103, 104)

Properly executed RCTs have
the highest level of evidence
(barring systematic reviews and
meta-analyses) and are the
‘golden standard’ for ascertaining
effectiveness of treatment or
intervention. Bias in results can
be avoided by randomization
and blinding of participants or
researchers(105).

RCTs are not the most useful study
designs for long-follow up. Which, in
chlamydia complication research is
highly needed. The longest follow-up
in RCT in chlamydia research was
only one year. This excludes studying
ectopic pregnancy and infertility
as endpoints(104). Another major
limitation in chlamydia research lies
in ethical grounds. With an effective
treatment available one cannot
withhold participants in control groups
from treatment (in or outside study
context)(103).
Last to be able to find statistical
significant results, large sample sizes
are needed.

Retrospective cohort
studies (59, 62, 66)

Registers based studies often
include >100.000 people,
chlamydia test results performed
within the country are all
registered and medical events
such as PID, ectopic pregnancy
and TFI are all diagnosed and
registered. Large sample sizes
and including registered events
increase reproducibility and
validity. Last, time has already
passed and data is available.

Main limitations of registry based
studies are that necessary information
may be unavailable, confounder
information is lacking, there is missing
information on data quality, truncation
at start of follow-up making it difficult
to differentiate between prevalent
and incident cases and the risk of
data dredging(106). Last, despite the
longitudinal data, only associations,
not causations can be made(107).

Case-control studies
(108-110)

The great advantages of casecontrol studies is the possibility
to study rare diseases. Which
applies for ectopic pregnancies
and tubal factor infertility. For
cohort studies, a large sample
size is needed to find a sufficient
amount of events for statistical
analyses. This does not apply
for case-control studies in
which cases are the starting
point. Furthermore, multiple
factors can be studied at once.
The power of studies can be
increased by including more
controls, for example a ratio of 1:3
(cases:controls)

The major limitation of a case-control
study is the retrospective nature
which often results in recall bias. No
causal relation can be concluded
only associations, and these studies
are prone to confounding bias(111).
Last, to include a sufficient amount
of cases, the study population in
chlamydia related infertility includes
women from infertility clinics. Controls
should be matched and are therefore
also from infertility clinics. Although
this is best for matching cases and
controls, it is difficult to apply the
results for the general population.
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Study design

Strenghts

Limitations

Cross-sectional studies
(112, 113)

Cross-sectional studies are ideally
suited for prevalence studies or
to infer causation. By estimating
prevalence among groups with
and without and outcome of
interest a possible relation can
be explored. Advantages are that
participants are not deliberately
exposed, treated, or not treated
and hence there are seldom
ethical difficulties. Data are
collected only once and multiple
outcomes can be studied; which
makes this type of study relatively
cheap.

The greatest disadvantage is the lack
of differentiating cause and effect
from simple association. Furthermore,
cross-sectional design do not provide
explanations for the findings. Last it is
difficult to study rare diseases, even
with large sample sizes one may find
zero cases(114).

Mathematical modeling
studies (90-93, 115,
116)

These type of studies are not
a preferred design to measure
causal relations or associations.
Nevertheless, these studies
are useful in trying to estimate
risks for complications following
chlamydia infection using
previously published data from
RCTs and observational studies.
In these models multiple data
sources can be combined and
complex disease mechanisms
are simplified.

However in simplifying mechanisms,
important factors might be missed.
Furthermore, models depend on the
availability and representativeness of
input data(117).

Figure 3. Evidence pyramid. The higher in the pyramid the higher the validity and rigorousness of study
designs (A). Systematic reviews and meta-analysis are nowadays seen as a lens trough which evidence is
viewed and applied in medical care (B). Figure from Murad et al. 2016 (118).
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Determining the risk of a previous chlamydia infection on long-term complications as PID, ectopic
pregnancy or TFI is a well-known and a widely acknowledged challenge(119, 120). The best
design to determine the risk for late complications and the effectiveness of treatment would be
a randomized controlled trial, see Figure 3. However, to expose women to a chlamydia infection
reframe them from treatment and follow them over years of time to study disease progression to
ectopic pregnancy or TFI is neither ethical nor feasible. Cohort studies are the design of choice in
case randomization are not ethical and feasible and long follow-up is needed(114, 121). Prospective
cohort studies are considered the gold standard among observational studies(122, 123). Due to
the design and because of temporal sequence both incidence rate and cumulative incidences can
be measured as well as risk ratio’s, hazard ratio’s and attributable risks. Multiple exposures can
be studied and the risk for encountering survival bias and recall bias is lower(124, 125). Until now
the risk of complications, specifically ectopic pregnancy and TFI, following a chlamydia infection
longer than one year has not been assessed directly in a prospective cohort study. Therefore,
to estimate the risk for late complications following a chlamydia infection and to gain insight in
factors that contribute to the development of complications, the Netherlands Chlamydia Cohort
Study (NECCST) was initiated. In this cohort study, the following aims will be addressed:
Primary objective:

To quantify the incidence of PID, ectopic pregnancy and tubal factor subfertility and
compare time to pregnancy in women with and without a previous chlamydia infection, in
order to estimate the inherent risk of these outcomes by a previous chlamydia infection.
Secondary objectives:

To explore which combination of host genetic biomarkers are able to distinguish women
with a high risk of developing chlamydia related complications from women with a low
risk of developing these complications.

To determine demographic, behavioural, serological and infection-related factors that
are associated with reproductive tract complications due to a preceding chlamydia
infection.
Challenges in a prospective cohort study
Limitations to be taken into account while conducting a prospective cohort study are first the
possibility of selection bias. Selection bias may affect the generalizability of the results also known
as the external validity(121, 124, 126). Second, officially causal relations may not be established
based on cohort studies, however because of the longitudinal design they may aid in studying
causal hypothesis(121, 127). Third, often a large sample size is needed with long follow-up(128).
Furthermore in prospective cohort studies loss to follow up of participants will occur, which
might become a problem if the loss to follow up is differential among exposed and non-exposed
participants(129). Prospective cohorts are often time- and resource consuming, which makes it
a costly research design(123). Besides general limitations and challenges of prospective cohort
studies, there are specific challenges in chlamydia complication studies. First is misclassification in
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chlamydia history due to the asymptomatic nature of the infection (about 80%(12)). Highly sensitive
and specific Nucleic Acid Amplification Tests (NAATs) can identify the presence of chlamydia
bacterial DNA in urine samples, vaginal swabs and rectal swabs, but presence of bacterial DNA
is not per definition an infection since NAATs do not depend on viable pathogens(43). But far more
important, NAATs can only detect current infections in the lower genital tract. Chlamydia infections
are self-limiting, within a year 50% of people have cleared the infection(15). Many infections are
therefore missed. Second, the diagnosis of PID is difficult. There is no consensus about the criteria
of upper genital tract chlamydia disease and no accurate non-invasive diagnostics tests(120).
PIDs are often based on lower abdominal and cervical signs and symptoms with poor sensitivity
and specificity. Moreover, about two-thirds of PID are sub-clinical and cannot be diagnosed at
all(18). Additionally, the diagnosis is prone for diagnostic bias; PID might be more easily diagnosed
among women previously tested positive for chlamydia because of prior information bias(119).
Third, a long-term follow-up to study chlamydia related complications is needed. The highest
chlamydia incidence is in women between the age of 16-24(68). But complications often only
become apparent when women starting to get pregnant. In the Netherlands a mean age of first
pregnancy is 29 according to Statistics Netherlands (CBS). Last, incidences of ectopic pregnancy
as well as TFI are low(93, 95). Therefore, a large sample size is needed to be able to test for
significant differences between chlamydia positive and negative tested women.
NECCST best
Taking into account all limitations from an observational study design and challenges in chlamydia
complication research, this cohort study will be a ‘NECCST BEST’ design following a RCT in
determining the risk for PID, ectopic pregnancy, TFI and (prolonged) time to pregnancy. NECCST
is a longitudinal cohort study and a follow-up study of the CSI study performed between 2008 and
2011. Women who participated in the CSI at least once and who consented to be approached for
further research were re-invited for NECCST in 2015/2016. Major advantages from this construction
were first that all women were previously tested at least once for chlamydia trachomatis infection
in vaginal swab or urine sample. Second, CSI included over thousands of women in the age
between 16 and 29. By inviting these women again we not only would end up with a large sample
size, long follow-up, but also age would have increased to 20-37 at the beginning of NECCST
and will be 26-43 at end of NECCST, which is ten years of follow-up. For a large majority of the
cohort this will be sufficient to capture the age when chlamydia infections occur most often as
well as the age women try to become pregnant.

6. Aims and outline of this thesis
This thesis aims on gaining the insight in the risks and risk factors for chlamydia related
complications by studying a unique cohort that consists of women of reproductive age.
Part 1. The risk of complications following chlamydia infection: Setting up the cohort study
-

Chapter 2 The Netherlands Chlamydia Cohort Study (NECCST) protocol to assess the risk of
late complications following Chlamydia trachomatis infection in women describes the protocol
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for the NECCST study. Objectives, methods, and the power calculation are described and
discussed in detail.
-

Chapter 3 Chlamydia trachomatis antibody detection in home-collected blood samples for
use in epidemiological studies evaluates the use of blood samples collected at home and
sent to the laboratory for chlamydia antibody detection. Stability of chlamydia antibodies in
blood samples processed within recommended two hours, three days and seven days was
assessed.

-

Chapter 4 The role of single nucleotide polymorphisms in the TLR2, NOD1, CXCR5, and IL10
genes in the susceptibility to and severity of Chlamydia trachomatis infections assessed four
SNPs in five different cohorts to assess the risk or protection of four SNPs in the course of
chlamydia infections.

Part 2. The value of Chlamydia trachomatis serology
-

Chapter 5 Antibody testing in estimating past exposure to Chlamydia trachomatis in the
Netherlands Chlamydia Cohort Study assessed the contribution of testing for chlamydia
antibodies in the overall chlamydia lifetime prevalence to reduce misclassification in chlamydia
status. In addition, factors associated with having chlamydial antibodies were assessed.

-

Chapter 6 Chlamydia trachomatis whole proteome microarray analysis of the Netherlands
Chlamydia Cohort study describes the use of whole proteome analyses that allows for the
identification of novel informative antigens as general infection markers or chlamydial disease
associated antigens.

Part 3. Long-term complications of chlamydia infections and predictive factors
-

Chapter 7 Relation between Chlamydia trachomatis infection and pelvic inflammatory disease,
ectopic pregnancy, and tubal factor infertility in a Dutch cohort of women previously tested for
chlamydia in a chlamydia screening trial assessed the association between chlamydia infection
and related complications as PID, ectopic pregnancy and TFI in all women participating in
the NECCST study. Additionally, factors associated with an increased risk were determined.

-

Chapter 8 Pregnancy rates and time to pregnancy in women with and without a previous
Chlamydia trachomatis infection aimed to assess pregnancy rates and time to pregnancy
among women with a previous chlamydia infection compared to women without and
participating in the NECCST.
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Abstract
Background: Chlamydia trachomatis (CT), the most common bacterial sexually transmitted
infection (STI) among young women, can result in serious sequelae. Although the course of
infection is often asymptomatic, CT may cause pelvic inflammatory disease (PID), leading to
severe complications, such as prolonged time to pregnancy, ectopic pregnancy, and tubal factor
subfertility. The risk of and risk factors for complications following CT-infection have not been
assessed in a long-term prospective cohort study, the preferred design to define infections and
complications adequately.
Methods: In the Netherlands Chlamydia Cohort Study (NECCST), a cohort of women of
reproductive age with and without a history of CT-infection is followed over a minimum of ten
years to investigate (CT-related) reproductive tract complications. This study is a follow-up of
the Chlamydia Screening Implementation (CSI) study, executed between 2008 and 2011 in the
Netherlands. For NECCST, female CSI participants who consented to be approached for followup studies (n=14,685) are invited, and prospectively followed until 2022. Four data collection
moments are foreseen every two consecutive years. Questionnaire data and blood samples for
CT-Immunoglobulin G (IgG) measurement are obtained as well as host DNA to determine specific
genetic biomarkers related to susceptibility and severity of infection. CT-history will be based
on CSI test outcomes, self-reported infections and CT-IgG presence. Information on (time to)
pregnancies and the potential long-term complications (i.e. PID, ectopic pregnancy and (tubal
factor) subfertility), will be acquired by questionnaires. Reported subfertility will be verified in
medical registers. Occurrence of these late complications and prolonged time to pregnancy, as
a proxy for reduced fertility due to a previous CT-infection, or other risk factors, will be investigated
using longitudinal statistical procedures.
Discussion: In the proposed study, the occurrence of late complications following CT-infection
and its risk factors will be assessed. Ultimately, provided reliable risk factors and/or markers can
be identified for such late complications. This will contribute to the development of a prognostic
tool to estimate the risk of CT-related complications at an early time point, enabling targeted
prevention and care towards women at risk for late complications.
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Background
Chlamydia trachomatis (CT) is the most commonly reported bacterial sexually transmitted
infection (STI) in the Netherlands [1]. In contrast to most other STIs, CT is prevalent in a large
segment of the population [2]. In the Netherlands, the reporting rate of CT-infections has steadily
increased from 2.7/1,000 persons in 2010 to 3.1/1,000 in 2014, based on data from STI clinics
and general practitioners (GPs). This is mainly due to increased testing rates in high-risk groups
[1]. Enhanced testing in the Netherlands - as performed in the population-based Chlamydia
Screening Implementation (CSI) study with annual screening between 2008 and 2011 - did
not demonstrate a (cost-) effective reduction of CT prevalence, related to the relatively low and
declining participation rates in the trial [3-5]. Observational studies in other European countries
and a large CT screening pilot via general practitioners in Australia, showed similar results [6,
7]. In addition, in countries that have active screening policies (e.g. UK and USA) the number of
CT-diagnoses in the population targeted for routine annual screening did not decline [6, 8]. New
strategies for CT control are urgently needed.
Women bear a disproportional burden of CT-infections [9]. In the Netherlands, prevalence of CT
around 2010 was estimated at 2.9% among 16-25 year-old women [5]. Since CT-infections in
women have an asymptomatic course in up to 70% of the cases, most of these women will remain
untreated [10, 11]. Meanwhile the CT-infection can ascend to the upper genital tract, resulting in
pelvic inflammatory disease (PID), potentially causing tubal damage. Tubal damage in its turn may
lead to ectopic pregnancy and tubal factor subfertility [12]. These complications only become
apparent when women try to become pregnant, often several years after an initial CT-infection
that may have gone unnoticed. A prior CT-infection may also prolong time to pregnancy in women
without any visible tubal pathology, due to damage to the tubal mucosa (compromising embryo
transport) or unfavourable effects in the endometrium (affecting implantation) [13].
The proportion of women experiencing CT-complications is largely unknown due to the
asymptomatic nature of the infection, delayed awareness of the actual pathology, and the long
follow-up period needed before complications become apparent [14]. Current risk estimates
range widely; the estimated risk of PID following a CT-infection ranges between 0.5% and 72%
depending on the study population and the definitions used [15-20]. Subfertility as a result
of prior CT-infection is estimated to occur in 0.1-6% of women infected [15, 21], and 0-1% of
women with a prior infection may develop an ectopic pregnancy [22, 23]. In a large retrospective
population-based cohort of 500,000 women aged 15–44 years in Denmark, the risk of PID, ectopic
pregnancy and tubal factor subfertility was found to be at least 30% higher in women who had
tested CT-positive in the past compared to women who had only negative tests. In addition,
repeated diagnoses of CT-infections increased the risk of PID by 22% [24]. Recent estimates by
Price et al in the UK, based on results of major studies and study designs, suggest that 20% of
PIDs, 5% of ectopic pregnancies, and 30% of tubal factor subfertility cases are attributable to CT
women aged 16-44 years [25].
Rather than attempting to trace and treat all CT-infections, it might be more effective to pursue
secondary prevention in women at higher risk for complications. Host genetic biomarkers are
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considered to play a role in the development of complications in the reproductive tract after CTinfection [26]. In Gambian twin pairs, Bailey et al. found that 40% of the host response to trachoma
(i.e. a tropical eye infection caused by CT serovar A or B) is linked to host genetic characteristics
[27]. The scarring of the eye and the scarring of the tubes have a remarkable immunogenetic
resemblance [26], and therefore we hypothesize a similar effect of host genetics in CT-related
trachoma and tubal pathology. Subsequently, the presence of Single Nucleotide Polymorphisms
(SNPs) in genes, identified by candidate gene studies and Genome Wide Association Studies
(GWAS), has already been shown to be related to the development of tubal pathology following
CT-infection. For example, carriage of two or more SNPs in toll-like receptor (TLR)9, TLR4, cluster
of differentiation (CD)14 and caspase recruitment domain (CARD)15/nucleotide oligomerisation
domain (NOD)2 increased the risk of tubal pathology following CT-infection from 33% to 73%,
though the increase was not statistically significant [28]. Furthermore, carriership of mannose
binding lectin (MBL) Codon 54 allele B was higher among CT-positives with tubal pathology (OR
3.9, 95%CI 1.9-8.2)[29] than among CT-positive controls and carriage of the NOD1 +32656 GG
insertion was more frequent in women with TFI compared to women without TFI (OR 2.3, 95%CI
1.1-4.7) [30].
A range of other (host) factors such as clinical symptoms, co-infections, re-infections and sexual
risk behaviour may influence the development of complications in women with a previous CTinfection [24, 31-33]. Some factors related to the (severity of) infection or sexual behavioural
are time-dependent. To precisely quantify the risk and predisposing risk factors of PID, ectopic
pregnancy and tubal factor subfertility following a CT-infection, prospective studies are needed
to provide vital data for programs to prevent CT-infection and complications [14]. Therefore,
the NEtherlands Chlamydia Cohort STudy (NECCST) was initiated. The strength of the study is
its prospective design because this enables to collect, at regular time intervals, questionnairedata with minimum (recall) bias, facilitates more extensive time analysis and allows to directly
asses the risk of CT-related complications. The final aim will be to identify women most at risk for
developing complications, in order to introduce targeted preventive measures and strategies to
prevent CT (re-)infections in women at high risk for complications. Here we describe the NECCST
cohort study design.
Study aim
With NECCST, we aim to gain more insight in late complications of CT-infections in women, and
to identify women most at risk to develop CT-related complications. In this cohort study, the
following aims will be addressed:
Primary objective:

To quantify the incidence of PID, ectopic pregnancy and tubal factor subfertility and
compare time to pregnancy in women with and without a previous CT-infection, in order
to estimate the inherent risk of these outcomes by a previous CT-infection.
Secondary objectives:

To explore which combination of host genetic biomarkers are able to distinguish women
with a high risk of developing CT-related complications from women with a low risk of
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developing these complications.
To determine demographic, behavioural, serological and infection-related factors that
are associated with reproductive tract complications due to a preceding CT-infection.

Methods
Design
NECCST is a long-term (10-14 years) cohort study, of women of reproductive age who previously
participated in the CSI study.
Setting
The starting point of the NECCST cohort is retrospective, at entry in the CSI study conducted
between 2008 and 2011 in Amsterdam, Rotterdam and South Limburg (the Netherlands). In CSI,
over 420,000 sexually active young adults (16-29 years old) who were registered in the municipal
population registers of three areas (Amsterdam, Rotterdam and South-Limburg) were invited
for annual CT-testing by home-based self-collection of a vaginal swab or urine sample. The
samples were tested for a CT-infection using nucleic acid amplification tests (NAAT). In addition,
participants completed questionnaires concerning demographic factors, sexual behaviour and
previous STIs. Altogether, 80,000 people (19% of those invited) participated in CSI. Compared
to non-responders, CSI participants were more often women, older (20-29 years), had a higher
education, and were more often of a Dutch background. For the NECCST cohort, invitees were
further selected from this group [4].
Study population
All women who participated in at least one round of the CSI study (n=58,818, 26% of those invited)
and who gave informed consent to be approached for future STI-related research (14,685, 25%),
are invited for participation in NECCST. Of the eligible women, 2,371 (16%) had a positive CThistory (i.e. PCR positive result and/or self-reported CT-infection during CSI) and 12,314 (84%)
had a negative CT-history according to CSI data (PCR negative and no self-reported previous
CT-infection). These women are traced in the Dutch municipal registers and invited for participation
in NECCST. Participants are between 20 and 38 years of age at the first data collection moment,
and will be between 27 and 44 years of age by the end of NECCST. Women are censored when
they have emigrated from the Netherlands or when contact details cannot be retrieved from the
municipal registers for other reasons.
Study procedures
NECCST covers a minimal individual follow-up period of 10 years and a maximum of 14 years,
depending on inclusion in CSI, onwards. Participants will be contacted four times until 2022.
In 2015/2016, women were informed by regular mail and email (when available from CSI) about
NECCST, and received an invitation letter and an information brochure. Via a web link in the
invitation letter women could decline or accept participation. After one month a reminder is sent.
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After accepting, participating women were requested to complete an online informed consent
form for participation in NECCST.
The first data collection moment includes an electronic questionnaire followed by a test kit for
self-collection of blood by a finger-prick for CT IgG analyses. Host DNA is obtained by either
using the stored CSI vaginal swabs or urine, or via additional newly self-collected buccal swabs
[Copan FLOQSwabsTM, Copan diagnostics, USA]. Every two years, an online questionnaire will
be sent by email. In 2022, at the last data collection moment, a second test kit for self-collection
of blood will be sent for CT IgG analyses (Figure 1, study flowchart).
Data collection during NECCST
Questionnaires
At the start of the NECCST follow-up period, women were asked to complete a baseline
questionnaire. Thereafter, they receive a follow-up online questionnaire once every two years.
The questionnaires inquire data about recent and past CT-infections and CT-related PID, time
to pregnancy, ectopic pregnancy, and fertility problems. In addition, questionnaires will address
demographic factors, age, ethnicity, educational level, sexual behaviour, other STIs, contraceptive
use and health characteristics (e.g. smoking, weight changes, chronic pelvic pain (abdominal
pain with a duration of 6 months or more) and previous abdominal surgery). Questionnaires are all
electronic, sent with Formdesk [Formdesk, Wassenaar, The Netherlands], which creates a database
automatically, linkable to other data sources (i.e. CSI-database), by individual participant number.
Medical register check
All women who report subfertility are asked additional informed consent to allow us to approach
their GPs and/or fertility clinics to provide specified, detailed information regarding the cause of
subfertility from the patient’s files in medical registers.
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2008: CSI
∗
CT PCR test
∗
Questionnaire
2009: CSI
∗
CT PCR test
∗
Questionnaire
2010: CSI
∗
CT PCR test
∗
Questionnaire

CSI
↓
↓
↓

228,457 women were invited
58,818 (26%) women were tested at least once
14,685 (6%) women gave informed consent to be
contacted for future research

2

2011: CSI
∗
CT PCR test
∗ Questionnaire
2015-2016: NECCST
First round:
∗
Questionnaires
∗
Medical register check*
∗
CT IgG analyses
∗
Retrieving biobank samples
2017-2018: Second round:
∗
Questionnaires
∗
Medical register check*
2019-2020: Third round:
∗
Questionnaires
∗
Medical register check*
2021-2022: Last round:
∗
Questionnaires
∗
Medical register check*
∗
CT IgG analyses

Sta rt NECCST
14,685 (100%) women will be traced and invited for NECCST
CT-positive
n=2,371 (16%)

CT- negative
n = 12,314 (84%)

During NECCST we expect:
40% non-response
15% attrition
12% cross over from Ct negative to CT-positive

End NECCST
6,600 (45%) women expected to complete follow-up
CT-positive
n=1,700 (26%)

CT-negative
n = 4,900 (74%)

Figure 4. Flowchart of the study. * In case subfertility is reported, the participants’ medical files will be requested to verify the
cause
of subfertility.
CSI =
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= Netherlands
Chlamydia
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Figure
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Chlamydia trachomatis serology

A test kit will be sent to participants to collect a capillary blood sample at home in a collection tube [BD
Chlamydia trachomatis serology
Microtainer
serum separator tube, Becton, Dickinson and Company, USA] and to return it to the
A test kit will be sent to participants to collect a capillary blood sample at home in a collection tube
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in the accompanying
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All returned
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collection
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to collect
serum. Serum
samples
are stored
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an ELISA
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until an ELISA assay is performed. CT IgG antibodies are measured using a peptide based ELISA
test [Medac CT IgG pELISA, Wedel, Germany] with minimal cross-reactivity and high throughput
[34]. CT IgG antibody test results will be used as a marker for a previous CT-infection which
remained unnoticed [35]. In addition, the seroconversion rate will be analysed in women with a
previously self-reported or PCR confirmed CT-infection. An additional IgG antibody test will be
performed in 2022, in order to determine new infections occurring during the study period and
to gain insight in persistence of CT IgG levels over time.
Host genetic biomarkers
Host genetic biomarkers (SNPs), will be determined from host material obtained from vaginal
swabs and urine samples collected during the CSI study and stored in a biobank. DNA will be
extracted and host genetic biomarkers will be analysed using Kompetitive Allele Specific PCR
(KASP) technology, utilizing a unique form of competitive allele-specific polymerase chain reaction
(PCR). This enables accurate scoring of SNPs, inserts or deletions [36]. A selection of 50-100
SNPs will be tested. This SNP panel is based on previous research, that showed a potential
association with chlamydia susceptibility and risk to develop complications after infection [26].
From participants whose previous CSI study sample is not available or of insufficient quality, a
buccal swab sample is obtained at the start of NECCST in order to obtain DNA.
Defining CT-history
As CT-infections often go unnoticed it was decided to define a positive CT-history based on one
of the following three outcomes, either a self-reported CT-infection, positive PCR-test outcome in
the CSI study or the presence of CT IgG antibodies in serum. Combining these three outcomes
will reduce misclassification of CT-history.
Power calculation
In total 14,685 women are invited of whom 2,371 had a positive CT-history and 12,314 had a
negative CT-history recorded in the CSI study. Assuming a high response rate of 60% (due to
previous informed consent), a cross-over rate of 12% from negative to positive CT-history and
an estimated loss to follow up of 25% until 2022, we expect to have 1,700 women with a positive
CT-history and 4,900 with a negative CT-history participating in NECCST until the end of the study
in 2022. Power calculations, based on the primary aim were performed using risk estimates
from modelling and observational studies. In women with a positive CT-history the following risk
estimates were taken into account: 10% for developing PID, 0.5% for ectopic pregnancy and 2%
for tubal factor subfertility [15, 22, 23]. In women with a negative CT-history, the risk to develop
these complications was estimated to be 0.5% for PID [37], and 0.05% for tubal factor subfertility
[15]. For ectopic pregnancy, the expected risk ranges between 0 and 1% in CT negatives [22,
23]. Expected cumulative prevalence’s of these complicates were calculated based on age at
the end of NECCST in 2022 (Table 1). The expected sample size of the study population, i.e.
1,700 women with a positive CT-history and 4,900 women with a negative CT-history, is sufficient
to detect significant differences (p<0.05) in risks of CT-related complications between women
with and without a positive CT-history with a power of 85%-99%.
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Table 1. Power calculation per outcome variable
Expected
cumulative
prevalence in 2022

Number of
samples needed
for 80% power

Expected power with
samples size N = 6,600

CT pos.
history

CT neg.
history

CT pos.
history

CT neg.
history

CT pos.
history
(n=1,700)

7.7%

1.1%

63

195

Ectopic pregnancy

1.8%

0.9%

1,415

4,385

85%

Tubal factor subfertility

1.3%

0.2%

401

1,241

>99%

PID

CT neg.
history
(n=4,900)
>99%

Expected cumulative prevalence of PID, ectopic pregnancy and tubal factor subfertility was based on age
distribution per outcome in the primary care database from the Netherlands Institute for Health Services
Research (NIVEL – PCD) and the expected age distribution in NECCST in 2022 by CT status. Here from
we derived the samples size, with 80% power, a significance level of 5% and a 1 to 3 exposed/unexposed
ratio, per outcome in the CT-positive history and negative history group in 2022 (www.openepi.com). CT =
Chlamydia trachomatis infection. PID = pelvic inflammatory disease.

Data analysis and statistics
Data from the CSI-study will be merged with data from NECCST. Data quality will be assessed,
in particular the potential for bias due to non-response and the extent of missing data. Incidence
rates, calculated as the number of new cases divided by the total person-time at risk, of the
primary study endpoints PID, ectopic pregnancies and tubal factor subfertility will be compared
between women with and without a positive CT-history. Person-time at risk is calculated from the
time point a woman becomes sexually active (assessed from the CSI questionnaire) and ends
at the time of an event. In case of no event, person-time at risk stops at the end of participation,
migration out of the Netherlands or the end of the study period, whichever comes first.
Each of the primary study endpoints PID, ectopic pregnancy and tubal factor subfertility will be
analysed for women with and without a positive CT-history using Kaplan-Meier plots and log-rank
test. Cox proportional hazards regression analyses will be performed to calculated hazard ratios,
in which CT-history is included as a time-dependent variable. Once a participant becomes CTpositive, the participant switches over to the CT-positive group. We will explore if time to infection for
women with a positive CT-history based only on their CT IgG presence without further information
on the time of infection, can be estimated using information from the group with both a positive
IgG test result and a positive PCR test or self-reported CT-infection. To account for confounding
and effect modification, co-factors such as age, educational level, host genetic biomarkers,
demographics, behavioural and infection characteristics (i.e. as previous treatment and other
STI’s), will be included in the model.
Similar analyses will be done to assess the factors related to time to pregnancy. For time to
pregnancy the follow-up period is defined as the time in months between the moment the woman
reports starting to try to conceive until the start of pregnancy, or (if not pregnant) the date of
completion of the questionnaire.
Univariate and multivariate Cox regression analyses will also be applied to investigate covariates
among women with a positive CT-history and the event of a PID, ectopic pregnancy or tubal
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factor subfertility. All factors that are significantly associated with the specific complication will be
included in a multivariate Cox proportional hazards regression model. Using backward stepwise
selection, factors that are not associated with the development of the complication anymore
(with a threshold p-value of 0.1) will be removed. All other factors will be assigned significantly
associated with the development of the complication. The following literature-based variables
will be selected as a potential predictor: age, educational level, host genetic biomarkers, and
demographic, behavioural and infection characteristics.
Sensitivity analyses will be performed by varying the definitions of a positive CT-history, i.e. only
CSI-PCR positive outcomes compared to self-reported CT-infections and CT IgG positivity. We
will also perform sensitivity analyses on variable definition of outcome variables, such as planned
versus unplanned pregnancies and confirmed versus unconfirmed tubal factor subfertility.
This study was approved by the Medical Ethical Committee Noord-Holland, Alkmaar the Netherlands
(NL 51553.094.14/M014-042). All participants provide informed consent for participation in NECCST.

Discussion
In NECCST, the risk of PID, time to pregnancy, tubal factor subfertility and ectopic pregnancy
after CT-infection will be determined in a cohort of women of reproductive age with an individual
follow-up time of 10 to 14 years. NECCST will investigate the role of a wide range of host- and
infection-specific factors in the development of CT-related complications. Insight in risk factors of
CT-related complications may allow for a new strategy in prevention of the complications of CT.
This could be an alternative approach in addition to current chlamydia control strategies, aiming
to test and treat to prevent ongoing transmission. The ultimate goal will be to develop a prognostic
tool to identify the group of women with an enhanced risk of complications after a CT-infection at
an early time point in their life, when (secondary) preventive measures can be effectively applied.
Women at high risk for complications could be specifically targeted for prevention of (re-)infection,
e.g. by frequent follow-up as an optimal strategy for preventing long-term complications [24].
Strengths
NECCST will be the first cohort study in which risks of and for late complications of CT are
prospectively studied during a follow-up period of more than 10 years. A prospective study design
allows for a clear temporal sequence of exposure and outcome and examination of multiple
effects of a single exposure while avoiding selection bias at enrolment. The long-term follow-up
is needed to examine the relation between exposure and outcome, as CT-infections are often
acquired below the age of 20, fertility problems will only become apparent when a woman tries
to become pregnant, which is often in her late twenties or thirties.
This cohort combines several data sources: historical data from the CSI, newly acquired
questionnaire data at four time points during NECCST, medical register data, serological outcomes
and host genetic biomarkers. By combining information from tests from the CSI study, self-reported
CT-infections and CT IgG status, we expect to obtain a more complete picture of previous CT-
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infections than in most other studies. As we make use of serology, we will also be able to identify
women who had a CT-infection which remained unnoticed and was therefore left untreated. These
women can be compared to women who tested positive for CT and were treated accordingly.
Comparing these groups may give us more insight into the IgG status and risk of CT-related
complications between treated and untreated women and allow us to study the natural course
of a CT-infection [14].Host genetic biomarkers are nowadays implemented in prediction models
and health care systems. Developing a set of specific genetic biomarkers associated with a high
risk for CT-related complications can facilitate identifying the group of women most vulnerable
for developing complications [26, 38]. With a ‘precision (or personalized) medicine approach’ a
diagnostic tool on the basis of women’s genetic profile can be employed for selecting the group
to be targeted for specific (cost)effective interventions such as repeated CT-testing, additional
treatment and medical follow-up.
Limitations
Although in our study CT-history will be based on PCR results from the CSI study, self-reported
infections and CT IgG measurements, misclassifications may still occur. Women with an unnoticed
infection may have a negative CT IgG antibody test, because an infection not always leads to
CT IgG antibody production, or because the levels of antibodies have waned since the time
of infection. The proportion of infected women who seroconvert and who remain persistently
seropositive is not well established yet [35]. Sensitivity and specificity of CT IgG measurement of
the assay we will use in NECCST (Medac pELISA) were reported to be 71.4% and 97.3% at the
time of CT-infection, respectively [39]. However, within six months after infection, seropositivity was
66% and after six months or longer, seropositivity decreased to 38% [40], resulting in CT-positives
possibly being misclassified as CT-negative. Because this could result in underestimation of the
true association between CT-history and complications, we will perform sensitivity analyses in
which only CSI-PCR positives will be classified as positive.
In our study, outcomes such as PID, tubal factor subfertility, ectopic pregnancy and time to
pregnancy will be (initially) based on self-reporting, which may induce recall bias despite multiple
questionnaire rounds every two years. The diagnosis of PID is imprecise and lacks a non-invasive
accurate gold standard test [41]. Diagnostic bias could take place towards women with a positive
CT-history [14]. This may result in a more pronounced underestimation of the risk on PID among
CT-negatives than among CT-positives, potentially leading to an overestimation of the difference
in PID risk between those groups. Therefore, in de questionnaire we specifically inquire about
diagnosis by GP and hospital admissions for PID, and recall bias will be reduced. As a rough
proxy for silent PID episodes, women are asked if they experienced chronic pelvic pain defined as
unexplained abdominal pain with a duration of 6 months or more [33, 42]. A range of other causes
besides PID can result in chronic pelvic pain as well. However, assuming the incidences of these
other causes to be evenly distributed between CT-positives and CT-negatives, any differences
in the occurrence of chronic pelvic pain may be considered the result of PID. This will increase
power and cover both symptomatic and silent PIDs.
In participants with an asymptomatic CT-infection we will not be able to determine when the first
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CT-infection and tubal scarring that eventually leads to subfertility have occurred. We cannot rule
out that in some cases tubal damage was already present before the CT-infection. But in general
tubal scarring may be assumed to occur after infection.
Finally, selection bias may occur when women who have experienced reproductive tract problems
and have had a CT-infection are more willing to participate in NECCST. However, we expect
that based on the relatively young age at the inclusion in NECCST, a substantial proportion of
participants will not yet have tried to become pregnant when giving their consent to participate.
Nevertheless, sensitivity analyses will be performed to compare outcomes in participants who
were aware of reproductive complications at the start of NECCST with outcomes in those who
were not yet aware.
In summary
In the future, instead of striving to detect and treat all CT-infections, chlamydia control strategies
could focus on prevention of complications following a CT-infection. Long-term complications in
women are the most important burden of CT-infections at population level. With this cohort study,
we aim to contribute to better insight and further understanding of the factors involved in the
development of late CT-complications, and to identify markers to understand which women are
at risk of such complications. This should allow improved and targeted interventions to control
adverse outcomes of CT infections.
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CHAPTER 3

Abstract
Capillary blood collected in serum tubes was subjected to centrifugation delay while stored at
room temperature. Chlamydia trachomatis (CT) IgG concentrations in aliquoted serum of these
blood samples remained stable for seven days after collection. CT IgG concentrations can reliably
be measured in mailed blood samples in epidemiological studies.
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Introduction
Implementing Chlamydia trachomatis (CT) antibody testing in large cohort studies increases
insight in CT infection history. CT-infections are often missed due to the asymptomatic nature of
the infection (1-3), however 40-100% of women test positive for CT antibodies after CT-infection
(4-7). Using antibody testing increases insight in CT infection history compared to only using selfreported CT infection history or test for prevalent infection (8). Therefore, the Netherlands Chlamydia
Cohort Study (NECCST), a large cohort study determining the risk of CT related complications,
uses antibody testing to determine CT infection history (9). To test for CT antibodies in NECCST
a low cost, practical and reliable blood collection method was required (10).
The most practical collection method is capillary blood drawing by participants at home. Collected
blood can be sent back to the laboratory by regular mail (9, 11). Blood can either be collected on
filter paper or in capillary blood collection tubes with serum separator additive. Previously CT IgG
was tested for validation using dried blood spots (DBS) versus clinician derived regular serum
collected for a study to validate HIV, HBV and syphilis screening. DBS were validated for HIV,
HBV and syphilis (12), but failed when we tested for CT IgG. High background distortion gave
false positive results (89-100%) when compared to regular serum in assays from two different
manufacturers (Medac, Wedel, Germany and Savyon Diagnostics, Israel). By varying the dilution
factor, failure rates were reduced but still up to 25%. Because of the high failure rates in DBS, we
switched to an evaluation of collecting capillary blood in collection tubes as we were then able
to perform the CT IgG test with regular serum (13).
Liquid capillary whole blood sent by regular mail cannot be separated from cells within the
recommend two hours after blood is collected. Separation delay could result in clot-induced
changes, possibly altering the analyte concentration in serum (11). Previous studies on delayed
separation of whole blood showed that for a variety of analytes, samples could be stored for up
to a week with only slight concentration alterations (10, 14).
We determined CT IgG stability in three paired capillary blood samples newly collected in serum gel
tubes (BD Microtainers with clot activator and serum separator gel) exposed to room temperature
for two hours, four days and seven days prior to centrifugation to simulate mail times. If CT IgG
stability remained stable after four and seven days at room temperature, CT IgG concentrations
could reliably be used in epidemiological studies on Chlamydia trachomatis.

Methods
Samples were collected from NECCST’s participants. In NECCST, women with and without a
positive CT infection history are prospectively followed for at least 10 years until 2022 (9). A
preselected subset of women with known CT infection history (positive/negative) was asked to
participate in this validation study. We aimed for at least 20 respondents. The study was approved
by the Medical Ethical Committee Noord-Holland, Alkmaar (NL 51553.094.14/M014-042).
To test CT IgG stability, three paired samples were collected during one appointment by a medical

53

3

CHAPTER 3

professional at the VU University medical center in Amsterdam, The Netherlands, or at participant’s
home. Blood was collected via finger prick in BD Microtainer® blood collection tubes with clot
activator and serum separator additive (SST) (Ref. 365967). We aimed for at least five droplets
of whole blood per collection tube. The collected blood was stored at room temperature (21°C)
before centrifugation for different time intervals based on (delayed) mail delivery times. The first
sample (the baseline sample, t0) was centrifuged in accordance with the guideline standard of
two hours (t0), a second sample was stored for either 3, 4 or 5 days (t1), and the last sample was
stored for seven days (t2). Following centrifugation, aliquoted serum was stored at -20°C until
analysis. Prior to analysis, frozen serum samples were thawed at room temperature and inverted
several times. To avoid run-to-run variability, serum samples from all time points (t0, t1 and t2)
per participant were analysed together in one batch and all samples were tested in duplicate.
The CT IgG ELISA plus (CT IgG ELISA plus; Medac, Wedel, Germany) assay was used to test
for CT antibodies. This is a quantitative peptide based serological assay. The ELISA was used
according to the manufacturer’s instructions. The mean outcome of the duplicates per sample
was used in further analyses. Outcomes were reported as negative (IgG concentration <22 AU/
ml), grey-zone (IgG concentration 22 - 28 AU/ml), or positive (IgG concentration ≥28 AU/ml),
and quantitative in IgG concentration (AU/ml).
Laboratory results were entered in Microsoft Excel and analyzed using STATA, (version 14.2;
StataCorp, College Station, TX, USA). Samples centrifuged at different time intervals (t1 and t2)
were compared to the baseline sample (t0). Results were first analyzed as ordinal (i.e. negative,
grey-zone and positive) using Kappa values, which indicates the level of agreement. And for
calculation of the sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV), grey-zones were classified as positive in accordance with NECCST protocol (9). Second,
IgG concentrations from paired samples were analyzed using r2’s to indicate the proportion of
the variance between the baseline samples versus other time points. Additionally, Bland-Altman
plots were constructed to analyze the agreement between the different time points in CT IgG
concentration (15). For the Bland Altman plots upper and lower agreement limits were predefined
as the margin of the grey-zone, which is -6 and 6 AU/ml (16, 17). We chose 6 AU/ml because paired
samples may not differ >6 AU/ml otherwise negative samples could turn positive and vice versa.
Due to the association between the difference of paired samples and the size of the measurements,
raw data (including upper and lower agreement limits) were log transformed for use in Bland
Altman plots (18).

Results
In total, we obtained blood from 35 women. The average age was 31.6 years (range 24-37
years) and the majority was of Western ethnicity, 77%. Twenty-one women (60%) had a positive
CT infection history either by previous positive test result or self-reporting. One woman had a
gonorrhoea infection in the past. We collected 98 samples, an average of 2.8 per woman. Seven
women provided only two paired samples instead of three; the second sample was stored for
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either four days (n=2) or seven days (n=5). The amount of whole blood collected was generally
small resulting in samples with a median of 40µl serum (IQR 28.5-50.0 µl) per collection tube. Of
the 35 baseline samples, 15 (42.9%) were CT IgG positive, 5 (14.3%) were grey-zones and 15
(42.9%) were negative.
Kappa values between t0 samples and, t1 and t2 samples indicated high level of agreement:
0.83 and 0.90 respectively. Three samples from the t1 and two samples from the t2 differed in
outcome from t0 (Table 1). When grey-zones were classified as positive, only one sample was
discordant. Using the latter definition sensitivity, specificity, PPV and NPV were calculated (Table 2).
Table 1: Baseline sample CT IgG outcomes compared to CT IgG outcomes from samples stored for four
and seven days
Four days delay (t1)
n(%)

N

Seven days delay (t2)
n(%)

N

Baseline
Positive
Grey-zone
sample (t0)
Positive
13 (100.0) 0 (0.0)

Negative

Total

Positive

Grey-zone Negative

0 (0.0)

13

14 (93.3)

1 (6.7)

0 (0.0)

15

Grey-zone

2 (50.0)

2 (50.0)

0 (0.0)

4

1 (25.0)

3 (75.0)

0 (0.0)

4

Negative

0 (0.0)

1 (7.7)

12 (92.3)

13

0 (0.0)

0 (0.0)

14 (100.0) 14

Total

15 (50.0)

3 (10.0)

12 (40.0)

30

14 (43.8)

4 (12.5)

14 (43.8)

33

PPV
(%)

NPV
(%)

Total

Table 2: Sensitivity, specificity, positive predictive value and negative predictive value
N

True
positive
(n)

False
positive

True
negative

False
negative

Sensitivity Specificity
(%)
(%)

t1

30

17

1

12

0

100

92

94

100

t2

33

19

0

14

0

100

100

100

100

*For these analyses grey zone values were considered as positive values. PPV = positive predictive value.
NPV = negative predictive value.

Figure 1 shows the concentration of the baseline samples compared to the concentration of
the t1 and t2 samples, r2’s were both 0.99. Bland Altman plots show all values to be within the
predefined limits of agreement.
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Figure 1. Graphs A. and C. Show scatterplots with regression lines of baseline sample concentrations
plotted against 4th day (A) and 7th day (C) delayed samples including r-squared coefficients. Graphs B and
D show Bland-Altman plots, based on log-transformed data, in which elog difference between the baseline
sample and 4th day (B) or 7th day (D) sample concentration were plotted against the average of paired
measurements. Upper and lower limits (dashed lines) in the Bland-Altman plots were based on clinically
relevant elog(-6 and 6 AU/ml) values.

Discussion
This is the first study to investigate stability of CT IgG concentration in samples with separation
delay stored in BD Microtainers. The SST tubes cause blood to clot rapidly, enabling the separation
of the blood clot from serum (19). The high sensitivity, specificity, PPV, and NPV and r2’s of almost
one showed that CT IgG concentrations in serum remain stable up to seven days after whole
blood collection. Therefore, this method can be used in epidemiological studies.
In this study, samples were stored in the laboratory to simulate delayed mail times, but kept in
temperature controlled rooms. In the actual NECCST cohort, samples are sent using regular
mail; this means samples will be exposed to more variable temperatures, including day/night and
day-to-day differences, which may result in lower stability. However, other studies determining the
effect of centrifugation delay on a variety of analytes that compared various storage temperatures
also showed that total protein levels, including IgG levels, often only change by a few percentages
after 24 hours to seven days of delay (10, 20).

56

Chlamydia trachomatis antibody detection - validation study

Home-collected biological materials such as urine samples and vaginal swab samples are already
implemented in CT studies and screening (21-24). Home-sampling increases participation
rates and provides a less costly alternative for clinic-testing. Even though only small amounts of
blood can be collected, in general this proved to be enough to perform reliable serology tests for
detection of CT IgG antibodies. Following results of this study, we conclude blood collected at
home in collection tubes and sent to laboratories can reliably be used for Chlamydia trachomatis
IgG measurements.
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CHAPTER 4

Abstract
Clear inter-individual differences exist in the response to C. trachomatis (CT) infections and
reproductive tract complications in women. Host genetic variation like single nucleotide
polymorphisms (SNPs) has been associated with differences in response to CT infection, and SNPs
might be used as a genetic component in a tubal-pathology predicting algorithm. Our aim was to
confirm the role of four genes by investigating proven associated SNPs in the susceptibility and
severity of a CT infection. A total of 1201 women from five cohorts were genotyped and analyzed for
TLR2 + 2477 G>A, NOD1 +32656 T->GG, CXCR5 + 10950 T>C, and IL10 -1082 A>G. Results
confirmed that NOD1 +32656 T->GG was associated with an increased risk of an symptomatic
CT infection (OR: 1.9, 95%CI: 1.1-3.4, p = 0.02), but we did not observe an association with late
complications. IL10 -1082 A>G appeared to increase the risk of late complications (i.e., ectopic
pregnancy/tubal factor infertility) following a CT infection (OR = 2.8, 95%CI: 1.1-7.1, p = 0.02).
Other associations were not found. Confirmatory studies are important and large cohorts are
warranted to further investigate the role of SNPs in the susceptibility and severity of a CT infection.
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Introduction
Chlamydia trachomatis (CT) is the most diagnosed bacterial sexually transmittable infection (STI)
worldwide [1], with an estimated 131 million new infections each year [2]. In the Netherlands,
approximately 60.000 new infections occur on a yearly basis [3]. In women, an estimated 70–80%
of the infections are asymptomatic [4]. These women are thus at risk to remain untreated; leaving
them prone to late complications such as pelvic inflammatory disease (PID), ectopic pregnancy
(EP), and tubal factor infertility (TFI) [1,5]. Estimating the individual risk of late complications is
complicated by interpersonal differences in susceptibility, course, and outcome of the infection.
These differences in women can at least to some extent be explained by bacterial factors (e.g.,
virulence, load), environmental factors (e.g., co-infection, microbiome), and host factors (e.g.,
immunogenetic differences between individuals, (sexual) risk behaviour) [6,7].
Since CT is assumed to be an important cause of tubal pathology [8], subfertile women in the
Netherlands who attend a fertility specialist are tested with a chlamydia antibody test (CAT) which
can identify a past infection. If the CAT is positive a hysterosalpingogram (HSG) is performed to
examine the tubes and if the HSG is indicative for tubal pathology a laparoscopy, which is the
golden standard, follows. However, since the CAT is designed to detect a past infection, and not
to identify tubal pathology, it has a suboptimal predictive value for finding tubal pathology. This
may lead to incorrect triage and thus to unnecessary tubal imaging. These invasive tests are
uncomfortable, come with health hazards, and are expensive. Therefore there is a need for more
specific markers to identify increased risk for tubal pathology.
In addition to serology markers, host genetics could be important in the risk for tubal pathology.
A considerable part of the interpersonal differences in responding to a CT infection can be
explained by host genetics. A twin study has suggested that almost 40% of the difference in the
immunological response to CT infection is based on host genetics [9]. A large number of Single
Nucleotide Polymorphisms (SNPs) has been linked to differences in the susceptibility to and severity
of an CT infection [10]. The most relevant SNPs for CT are in intra- and extra cellular pathogen
recognition receptors (PRRs), and in cytokines and chemokines involved in and modulating the
immune response after infection with CT [11]. Some SNPs result in an enhanced risk for infection
or complications after CT infection, while others lower the risk for infection or complications. Hence,
a proposed way of improving current fertility work-up is the development of a tubal-pathology
predicting algorithm based on host genetics in combination with serology [12].
Four well described SNPs that have previously been associated with the outcomes of a CT
infection are: TLR2 +2477 G>A (rs5743708), NOD1 +32656 T->GG (rs6958571), CXCR5 +10950
T>C (rs3922), and IL10 -1082 A>G (rs1800896). TLR2 has been shown to play an important
role as a mediator in the innate immune response to a CT infection. It has also been shown to
be important in the early production of inflammatory mediators and the development of chronic
inflammatory pathology [13]. Verweij et al., found that TLR2 + 2477 *A provided an increased
risk for the development of tubal pathology in CT positive women (OR 17.5) [14], although the
study group was rather small. CT seropositive women carrying the NOD1 GG insertion had a
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more than twice increased risk of tubal pathology (OR: 2.25; 95%CI: 1.08-4.67, p = 0.04) [15].
NOD1 normally functions as an intracellular pattern receptor but the GG insertion creates a stop
codon thus impairing the functioning of the gene. In contrast to the TLR2 and NOD1 mutations,
the SNP in the CXCR5 gene was protective. CXCR5 CC had a large protective effect for CT
positive women (OR: 0.1, 95%CI: 0.04-0.5, p = 0.002) against developing tubal pathology[16].
And finally, the A allele of the IL10 -1082 G>A SNP, which resides in the promotor region of this
immunosuppressive cytokine, protected against the development of severe tubal damage [17].
The aim of this study is to build the evidence base for the role of human genes in CT infection, and
assess to what extent the earlier described associations of SNPs in four genes in the susceptibility
to and severity of a CT infection using clinically well-defined cohorts could be confirmed.

Materials and Methods
Studied Cohorts
A total of 1201 women from four different STI and one late CT complication cohorts were included
in this study which aimed to confirm the role of SNPs in the four genes, IL10, NOD1, TLR2, and
CXCR5, in the susceptibility to and severity (which was separated in symptomatic course and
late complications) of CT infection in women. Characteristics of the five cohorts are listed in Table
1. Cohorts 1–3 were used to test susceptibility and cohorts 1, 2, 4 and 5 to test severity of CT
infection. Cohort 3 only contained information about CT status, not severity of infection, hence, it
was not included in the severity analysis. Cohorts 4 and 5 consisted only of CT positive women
and were therefore not included in the susceptibility analyses. From all cohorts only women from
West-European ethnicity (i.e., Dutch, British, Austrian, Belgian, German, Irish, or Luxembourgish)
were included. From all samples of included women, DNA was isolated for SNP determination,
as listed in table 1. Sample material was either serum, a buccal swab, a vaginal swab, urine, or
PBMC (peripheral blood mononuclear cell).
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Information about
DNA was isolated from
symptoms was collected
serum using Roche
at the STI clinic or at the
High Pure PCR Template
Department of Obstetrics
Preparation kit.
and Gynaecology.

Chlamydia positive
Symptomatic n = 44
Asymptomatic n = 63
Unknown n = 5

Chlamydia positivity
was determined by
either a self-reported
chlamydia infection,
a positive PCR-test
outcome in the CSI
study and/or the
presence of CT IgG
antibodies in serum

Serum was used for
a CAT test (pELISA,
Medac Diagnostika,
Germany).[34]

All positive Self-reported
infection n = 164 and/or
Positive PCR test n = 26
and/or Presence of CT
IgG n = 53

DNA was isolated from
buccal swabs, vaginal
swabs, or urine samples
using Roche High
Pure PCR Template
Preparation kit [35].

Women completed a
questionnaire regarding
long term complications.
PID n = 42 And/or TFI
n = 9 And/or Ectopic
pregnancy n = 6

DNA was isolated from
serum using Roche
All had undergone
High Pure PCR Template laparoscopy
Preparation kit.

DNA was isolated from
serum with a Hamilton NA
Starlight isolation robot.

Women completed a
questionnaire regarding
their symptoms at that
moment.

DNA was isolated
from PBMC using
isopropanol isolation
[31].

Chlamydia negative n =
98 Chlamydia positive
Symptomatic n = 42
Asymptomatic n = 52

Severity Determination

DNA Isolation

Chlamydia Outcome

CT status was
Chlamydia negative n =
assessed using Roche 626 Chlamydia positive
Cobas 4800 NAAT
N = 81

CT Determination
Cervical swabs were
used for CT DNA
detection by PCR
(COBAS AMPLICOR;
Hoffman–La Roche,
Basel, Switzerland [6].
Cervical, vaginal, and/
or urethral swabs and
urine specimens were
used for CT detection
via probe hybridization
assays (pace2 assay,
Genprobe) [32].

antibody test; PID, pelvic inflammatory disease; TFI, tubal factor infertility.

From all cohorts only women from West-European ethnicity were included; Abbreviations: CD14, cluster of differentiation 14; PCR, polymerase chain reaction;
PBMC, peripheral blood mononuclear cell; IgG, Immunoglobulin G; NAAT, nucleic acid amplification test; HLA-A, human leukocyte antigen-A; CAT, Chlamydia

Long-term prospective
Cohort 5: Subset cohort aiming to determine
of Netherlands
CT complication risk and risk
Chlamydia Cohort factors among women. Data
178
Study (NECCST)
collection (questionnaires,
[35]
swabs and blood samples) from
2008–2016 [35].

Cohort 3: Patients
from STI outpatient
clinic SouthLimburg

Women between 18 and 33
years old, originally used to
investigate an association
707
between susceptibility to a CT
infection and specific mutations
in the vitamin D metabolism [33]
This women were part of a
Cohort 4:
subfertility cohort aiming
Gynaecology
to investigate the influence of a
HLA-A SNP to the severity of a 12
cohort from the
University Medical CT infection. We used only the
Center Groningen women with laparoscopically
confirmed TFI [34].

Collected from January to
October 2008 to investigate the
Cohort 2: Patients
differences in IgG response in
112
from STI outpatient
reaction to an infection by CT
clinic the Hague
serogroup B, Serogroup I or
serogroup C [32]

Cohort Description
Women under the age of 33.
Collected from July 2001 to
Cohort 1: Patients
December 2004 to investigate
from STI outpatient
the role of a CD14 SNP in
clinic Amsterdam
susceptibility to a CT infection
[31].

Cohort

Table 1. Description of the cohorts.
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Since SNP analysis requires large datasets, also a percentage of women who had already
previously been tested for these SNPs was included to maximise the amount of data. For three
out of four SNPs (NOD1 +32656 T->GG, TLR2 +2477 G>A, and CXCR5 +10950 T>C) the
susceptibility to a CT infection had previously been studied using (part of) cohort 1. In these
previous studies, NOD1 and TLR2 used a different outcome, i.e., including CT serology positivity.
[14–16] For the current confirmation study two cohorts have been added, making the percentages
of overlap between the current and the previous studies 11%, 19%, 19%, and 0% for NOD1,
TLR2, CXCR5 and IL10 respectively. For severity, two SNPs (NOD1 + 32656 T->GG and TLR2
+ 2477 G>A) in part used the same cohorts as the original research; cohort 1 was previously
used for symptomatology assessment in NOD1 (26% overlap) (14) and TLR2 (47% overlap) (13).
Furthermore 21% of cases (and 0% of controls) for late complications match with the original paper
for NOD1 (14). The majority (86%) of SNP determinations was done on women not previously
tested for these SNPS.
SNP Determination
The isolated DNA samples were used to determine the SNPs TLR2 +2477 G>A (rs5743708), NOD1
+32656 T->GG (rs6958571), CXCR5 +10950 T>C (rs3922), and IL10 -1082 A>G (rs1800896).
The SNPs were genotyped either at LGC in the United Kingdom (cohort 1-4), or in our own
laboratory of Immunogenetics VUmc, The Netherlands (cohort 5) using KASP (Kompetitive Allele
Specific PCR) technology. [36] This technology was supplemented with in-house RT-PCR using
Roche Assay-by-Design.
Data Analyses
Susceptibility Analyses: Cohorts 1–3
Susceptibility to CT infection and the presence of the four SNPs was determined in cohorts 1–3.
Cases were defined as tested PCR-positive for CT DNA during STI clinic visit. Controls were
participants who had tested PCR-negative for CT during STI clinic visit.
Genotype distributions were tested in all cohorts and between cohorts. In case genotype distribution
did not differ significantly between cohorts (χ2 test), cohorts were combined to increase power.
Analyses were performed for all four SNPs separately. Subsequently a multivariable logistic
regression was performed on all four SNPs to evaluate whether SNPs would be predictive for
the susceptibility of CT infections independent of other SNPs. Occurrence of SNPs in cases
and controls was compared using χ2 tests and risks of CT acquisition between different SNP
distributions were described as odds ratio’s (OR) with 95% confidence interval (CI).
Severity Analyses: Cohorts 1–5
The definition of severity of CT infection can be divided in two ways: 1) as an immediate symptomatic
course of infection & 2) as late complications (i.e., pelvic inflammatory disease, ectopic pregnancy
and/or tubal factor infertility). Cohort 1 and 2 contained information regarding symptomatic course
of infection and cohort 4 and 5 contained information regarding late complication. The severity
of CT infection and the presence of SNPs was assessed in four ways.
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I: Investigating severity in terms of symptomatic CT infections versus asymptomatic CT infections,
determining the presence of the SNPs in cohorts 1 and 2. Cases were defined as symptomatic
CT positive women and controls as asymptomatic CT positive women.
II: Examining the presence of SNPs among CT positive women, comparing women positive for
CT complications to women negative for CT complications. Cases were defined as women with
a positive CT history and PID and/or ectopic pregnancy and/or TFI. In sensitivity analyses, PID
was excluded in the definition to create a more specific outcome (due to heterogeneity in PID
diagnosis). Cases were defined as women with a positive CT history and ectopic pregnancy and/
or TFI. In cohort 4, TFI was defined as extensive peri-adnexal adhesions and/or distal occlusion
of at least one tube, not attributable to abdominal pathology other than the genital tract infection
(e.g., appendicitis). [34] In Cohort 5 self-reported TFI was used. Controls were defined as women
with a positive CT history without PID, ectopic pregnancy, and TFI and with at least one pregnancy
of >20 weeks.
III: Performing trend analysis (i.e., a statistical procedure performed to evaluate hypothesized linear
and nonlinear relationships between quantitative variables) to study the relationship between SNP
occurrence and increased severity among cohorts 4 and 5. The hypothesis that the percentage
of people carrying the risk genotypes would increase with increasing severity was tested. The
groups, which were compared for trend were, arranged in order of severity: fertile CT positive
women (i.e., pregnant for at least once for >20 weeks), CT positive women with PID, CT positive
women with ectopic pregnancy and/or tubal factor infertility.
IV: It is well possible that SNPs in the different pathways do overlap and that women have multiple
SNPs. Multiple SNPs can interact and therefore the result of having multiple SNPs might be different
compared to just assessing all SNPs apart. To correct for this we applied multivariable logistic
regression to all four SNPs to evaluate whether the combination of SNPs would be predictive for
the severity of CT infections. Analyses were performed on cohort 1 and 2 combined to assess
the predictive value for symptomatology as well as on cohort 4 and 5 to assess the predictive
value for long-term complications.
Sensitivity Analysis
If the analysis involved women who previously have been tested for the described SNPs, a sensitivity
analysis was performed excluding these women (Appendix Table A1–A4, Appendix figure A1). No
sensitivity analysis regarding the susceptibility could be performed for TLR2 and CXCR5. Cohort
1 had, in full, already been used to evaluate these SNPs. Sensitivity analysis using only cohort
2 proved impossible since this cohort existed only of CT positive women. Therefore a different
kind of sensitivity analysis was done comparing the CT positive women of cohort 2 with the CT
negative women of cohort 1. In this way a new comparison was made between cases who were
never tested for the SNP and controls who were (Appendix Table A1).
χ2 tests were used and risks were described as odds ratio’s (OR) with 95% confidence interval
(CI). P values <0.05 were considered statistically significant. Analyses were performed using
IBM SPSS Statistics. Regression coefficient (R2) for the trends was calculated using an ordinal
scale in Microsoft Office Excel.
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METC Approval
The act ‘Medical Research Involving Human Subjects’ (WMO, Dutch Law) states that anonymous
spare human materials and data may be used for research purposes if the data are completely
anonymised and not retrievable. Cohort 5 was approved by Medical Ethical Committee VU medical
Center, Amsterdam the Netherlands (NL 51553.094.14/2015.903(A2019.336)). All participants
provided informed consent for participation.

Results
DNA Isolation and SNP Determination
SNP determination for cohort 1–4 was done by LGC, UK. Genotyping success rate for the four
SNPs in these cohorts ranged from 77.6% to 99.1%. For cohort 5, 178 samples were isolated and
genotyped in-house. SNP determination of all four SNPs was successful for 162 DNA samples
(91%). All SNPs were present in the cohorts, with TLR2 having the lowest minor allele frequency
of 6.2%
Susceptibility to CT Infection
The genotype distribution based on CT status is shown in Table 2. Genotype distribution in
cohort 3 differed significantly from genotype distribution in cohort 1 and 2. Hence cohort 1 and
2 (N = 304) were combined for this analysis and cohort 3 (N = 707) was analyzed separately. A
difference in the genotype distributions of IL10 -1082 A>G was found in cohort 3 (p = 0.05). For
women carrying IL10 *G risk of CT infection was slightly lower compared to women who were
homozygous wildtype, but this did not reach statistical significance (OR 0.6, 95%CI: 0.3-1.2, p =
0.14). No statistically significant associations were observed (all p > 0.3) between the three other
studied SNPs and the susceptibility to a CT infection, Table 4. This also remained unchanged in
the sensitivity analysis in which a fraction of cohort 1 for NOD1 was excluded. The area under the
curve (AUC) of the regression models for the susceptibility analysis in cohort 1 and 2 was 0.52
(95%CI: 0.45-0.59), and 0.57 (95%CI: 0.50-0.63) for cohort 3.
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Table 2. Genotype distribution by CT status
Susceptibility IL-10−1082
AA
92
Cohorts 1,2
(30.3%)
34
CT Negative
(34.7%)
58
Positive
(28.2%)
AA
202
Cohort 3
(28.6%)
184
CT Negative
(29.4%)
18
Positive
(22.2%)

NOD1 + 32656

TLR2 + 2477

CXCR5 + 10950

AG

GG

TT

TGG

GGGG GG

GA

133
(43.8%)
38
(38.8%)
95
(46.1%)

79
(26.0%)
26
(26.5%)
53
(25.7%)

167
(54.9%)
52
(53.1%)
115
(55,8%)

121
(39.8%)
42
(42.9%))
79
(38.3%)

16
(5.3%)
4
(4.1%)
12
(5.8%)

24
111
146
0 (0%)
(7.9%)
(36.5%) (48.0%)
9
35
50
0 (0%)
(9.2%)
(35.7%) (51.0%)
15
76
96
0 (0%)
(7.3%))
(36.9%) (46.6%)

47
(15.5%)
13
(13.3%)
34
(16.5%)

AG

GG

TT

TGG

GGGG GG

GA

AA

TC

CC

365
(51.6%)
313
(50.0%)
52
(64.2%)

140
(19.8%)
129
(20.6%)
11
(13.6%)

427
(60.4%)
374
(59.7%)
53
(65.4%)

229
(32.4%)
204
(32.6%)
25
(30.9%)

51
(7.2%)
48
(7.7%)
3
(3.7%)

30
(4.2%)
27
(4.3%)
3
(3.7%)

3
(0.4%)
3
(0.5%)

338
(47.8%)
300
(47.9%)
38
(46.9%)

123
(17.4%)
110
(17.6%)
13
(16.0%)

280
(92.1%)
89
(90.8%)
191
(92.7%)

674
(95.3%)
596
(95.2%)
78
(96.3%)

AA

TT

TT

246
(34.8%)
216
(34.5%)
30
0 (0%)
(37.0%)

TC

CC

Abbreviation: CT, Chlamydia trachomatis. No significant differences were found between any of the
distributions for chlamydia positive and negative women.

Severity of CT Infection
In Table 3, the SNP genotype data are given used for the severity analyses to CT infection.
I: We observed that CT positive women with the NOD1 GG insertion were more likely to have
a symptomatic course of infection (OR: 1.9, 95%CI: 1.1-3.4, p = 0.02) as compared to an
asymptomatic infection. This association remained unchanged in sensitivity analysis (Appendix
Table A2&A4). Carriage of TLR2 + 2477*A approached significance when assessing CT positive
women with a symptomatic course of infection compared to CT positive women without one
(OR: 2.6, 95%CI: 0.8-8.0, p = 0.10). The other two SNPs were not statistically associated with
the severity of infection (Table 5).
II: In women with and without late complications from cohort 4 and 5 we did not observe significant
differences in SNP distributions, although IL10 approached statistical significance. CT positive
women carrying IL10 GG had a marginally, but not statistically significant, increased risk for
developing complications after a CT infection (OR: 1.9, 95%CI: 1.0-3.6, p = 0.07) (Table 5). When
comparing CT positive women with ectopic pregnancy/TFI to the fertile CT controls (excluding PID
cases) the women carrying IL10 GG had a significant higher risk of developing late complications
(OR = 2.8, 95%CI: 1.1–7.1, p = 0.02). No associations for the other SNPs were found in this
analysis.
III: Trend analysis using cohorts 4 and 5 are shown in Figure 1. IL10 GG showed an R2 of 0.92
(p = 0.07). Carriage of the GG genotype was more common among women with increased
severity: 28% for fertile CT positive women to 34% for CT positive with PID to 52% for CT positive
women with ectopic pregnancy/tubal factor infertility. No such association was observed for the
other SNPs in this analysis.
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Table 3. Genotype distribution by severity of infection.
Severity

IL-10–1082

Analysis I:
AA
Cohorts 1,2

AG

NOD1 + 32656
GG

TT

TGG

TLR2 + 2477
GGGG GG

GA

CXCR5 + 10950
AA

TT

TC

CC

CT + total

56
94
51
112
77
12
(27.9%) (46.8%) (25.4%) (55.7%) (38,3%) (6.0%)

187
14
0
(93.0%) (7.0%)) (0%)

74
(36.8%)

94
33
(46.8%) (16.4%)

CT + AS

34
51
30
72
36
7
(29.6%) (44.3%) (26.1%) (62.6%) (31.3%) (6.1%)

110
5
(95.7%) (4.3%)

0
(0%)

42
(36.5%)

55
18
(47.8%) (15.7%)

CT + S

22
43
21
40
41
5
(25.6%) (45.7%) (24.4%) (46.5%) (47.7%) (5.8%)

77
9
0
(89.5%) (10.5%) (0%)

32
(37.2%)

39
15
(45.4%) (17.4%)

P value

P for GG vs A* = 0.79

Analysis II:
AA
Cohorts 4,5

AG

GG

P for *GG vs TT = 0.02** P for *A vs GG = 0.09

P for CC vs T* = 0.74

TT

TT

TGG

GGGG GG

GA

AA

TC

CC

Total

45
73
56
102
64
8
(25.9%) (42.0%) (32.2%) (58.6%) (36.8%) (4.6%)

165
7
(94.8%) (4.0%)

2
63
(1.1%) (36.2%)

80
31
(46.0%) (17.8%)

Controls

31
53
32
69
40
7
(26.7%) (45.7%) (27.6%) (59.5%) (34.5%) (6.0%)

109
5
(94.0%) (4.3%)

2
44
(1.7%) (37.9%)

55
17
(47.4%) (14.7%)

Cases

14
20
24
33
24
1
(24.1%) (34.5%) (41.4%) (56.9%) (41.4%) (1.7%)

56
2
(96,6%) (3,4%)

0
19
(0.0%) (32.8%)

25
14
(43.1%) (24.1%)

P value

P for GG vs A* = 0.07

P for *A vs GG = 0.47

P for *GG vs TT = 0.74

P for CC vs T* = 0.12

P values based on chi-square, significant results are marked with ** Abbreviations: CT+, Chlamydia
trachomatis positive; AS, asymptomatic; S, symptomatic
IV: The AUC for the regression model performed on all four SNPs comparing symptomatic vs asymptomatic
in cohort 1 and 2 was 0.60 (95%CI: 0.52-0.68). The same score of 0.60 was obtained in the analysis of cohort
4 and 5 (95%CI: 0.52-0.69). After correcting results for the other investigated SNPs similar results as to the
uncorrected data were found (Table 4 and 5).
Table 4. Crude and adjusted results for susceptibility to infection
Susceptibility

IL10: GG vs. A *

Cohorts 1,2 OR crude

1.0 (95%CI: 0.6–1.7) 0.9 (95%CI: 0.6–1.4) 0.8 (95%CI: 0.3–1.8) 1.0 (95%CI: 0.6–1.6)

P value crude 0.88

Cohort 3

NOD1: * GG vs. TT TLR2: * A vs. GG
0.65

0.84

OR MLR

1.0 (95%CI: 0.6–1.7) 0.9 (95%CI: 0.6–1.5) 0.8 (95%CI: 0.3–1.9

1.0 (95%CI: 0.6–1.6)

P value MLR

0.90

0.85

OR crude

0.6 (95%CI: 0.3–1.2) 0.8 (95%CI: 0.5–1.3) 0.8 (95%CI: 0.3–2.9) 0.9 (95%CI: 0.6–1.4)

P value crude 0.14

0.69
0.33

0.60
0.79

0.65

OR MLR

0.6 (95%CI: 0.3–1.2) 0.8 (95%CI: 0.5–1.3) 0.9 (95%CI: 0.3–2.9) 0.9 (95%CI: 0.6–1.5)

P value MLR

0.15

0.32

Abbreviations: MLR, multivariable logistic regression
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Table 5. Crude and adjusted results for severity of infection
Severity

IL10: GG vs. A *

Cohorts 1,2 OR crude

0.9 (95%CI: 0.5−1.7) 1.9 (95%CI: 1.1−3.4) 2.6 (95%CI: 0.8−8.0) 1.1 (95%CI: 0.5−2.4)

P value crude 0.79

NOD1: * GG vs. TT
0.02**

TLR2: * A vs. GG
0.10

CXCR5: CC vs. * T
0.73

OR MLR

0.9 (95%CI: 0.5−1.7) 1.9 (95%CI: 1.1−3.4) 2.4 (95%CI: 0.8−7.5) 1.1 (95%CI: 0.5−2.4)

P value MLR

0.68

Cohorts 4,5 OR crude

0.03**

0.14

0.79

1.9 (95%CI: 1.0−3.6) 1.1 (95%CI: 0.6−2.1)) 0.6 (95%CI: 0.1−2.8) 1.9 (95%CI: 0.8−4.1

P value crude 0.07

0.74

0.47

0.12

OR MLR

1.9 (95%CI: 0.9−3.6) 1.3 (95%CI: 0.6−2.4) 0.5 (95%CI: 0.1−2.7) 1.9 (95%CI: 0.8−4.2)

P value MLR

0.07

0.50

0.43

0.13

Significant results are marked with ** Abbreviations: MLR, multivariable logistic regression

4

Figure 1. Trend analysis of Cohorts (4) and (5) Comparing genotype distributions between women based
on increased severity: (1) Fertile CT positive women. (2) CT positive women with PID. (3) CT positive women
with ectopic pregnancy and/or tubal factor infertility. Percentage of genotypes as part of total. Abbreviations:
CT+, Chlamydia trachomatis positive; PID, pelvic inflammatory disease; EP, ectopic pregnancy; TFI, tubal
factor infertility.
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Discussion
The aim of this study was to add to the current evidence base on the role of human genes in
CT infection, by assessing whether we could confirm the previously observed role of SNPs in
the genes IL10, NOD1, TLR2, and CXCR5 in the susceptibility to and severity of a CT infection.
These four genes are all involved in detecting micro-organisms and starting the inflammatory
response. Disease pathology is based on the functionality of these four genes linked to the
SNPs studies. Meaning the severity of infection is genetically based in individuals. The novelty
of this study is confined to confirming already proven associations with new and more data.
Confirmation of these previous associations would be one step further in the direction of using
these SNPs as a genetic part of a tubal pathology predicting algorithm. This algorithm will aim
to differentiate between women likely to have fertility problems due to CT infections and women
without increased risk. Saving women without increased risk a unnecessary tubal imaging will
save them an uncomfortable, expensive invasive test with health hazards. Also, an earlier tubal
imaging of women with a genetically very high risk of infertility due to CT can save a couple trying
to become pregnant in vain. On the other hand, women without CT antibodies (and thus a low
risk to tubal pathology) but with a high genetic risk profile should be investigated in more detail
instead on trying to become pregnant for a year longer. This is due to two potential effects: (1)
loss of antibodies to CT and (2) tubal pathology due to other STDs like Neisseria for which the
SNP algorithm potentially also works.
The viability of such an tubal pathology predicting algorithm is still subject to scientific debate.
Earlier attempts in other complex diseases to use polygenic risk scores which were based on small
numbers of highly significant SNPs identified from GWA studies achieved only limited predictive
value [18]. However, this algorithm will not only be based on genetics. Current machine learning
methods allow for unprecedented pattern detection in both genetics and other factors. Other
factors could possibly include interaction between genetic variants an different disease serovars,
amount of infections, co-infections, treatment (failure), age, birthplace, how positive the CAD test
turns out & sexual behavior. For now, this manuscript focusses solely on the genetic component
and more specifically the confirmation of four previously proven SNP’s. If such a mentioned
algorithm will never be created, or if it does not employ host genetics, at the very least this study
aids in further uncovering host factors driving ascension and pathology.
An association with susceptibility for CT infections was previously found for NOD1 +32656 T>GG
but could not be confirmed in the current study. In contrast, the association of IL10 -1082 A>G
with susceptibility was not earlier investigated, where we observed a protective effect. However,
when comparing carriers of the mutation vs. homozygote wild-type, significance was lost (aOR
0.6, p = 0.15).
In the severity analysis we confirmed the role for NOD1 +32656 T>GG; NOD1 + 32656 * GG
associated with a twofold higher risk of a symptomatic course of CT infection. CT Positive women
with IL10 -1082 GG had an almost threefold higher odds ratio for developing late complications
(i.e., EP/TFI), compared to CT positive females with the A* genotype. When including PID in the
analysis, as well as in trend analysis comparing fertile CT positive women to CT positive women
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with PID to CT positive women with EP/TFI, a near significant (p = 0.07) association was found
for IL10 -1082 GG. The role of the SNPs TLR2 + 2477 G>A and CXCR5 +10950 T>C in the
severity of infection could not be confirmed in this study.
NOD1 normally functions as an intracellular pattern receptor and is capable of triggering the host
innate immune signaling pathways. This results in the production of pro-inflammatory cytokines,
which are a vital part of the host defense against CT [19]. However, NOD1 + 32656 T>GG
creates a stop codon thus impairing the functioning of the gene and the host defense. Brankoviç
et al., found a protective effect for NOD1 +32656 *GG (OR 0.52; 95%CI: 0.32–0.83, p = 0.006)
in the susceptibility to infection[15] while we did not find an association between this SNP and
the susceptibility to a CT infection. A plausible explanation for this difference is that Brankoviç
used a more strict definition. Our definition is positivity for CT DNA, while his research only used
women who were both CT DNA and CT IgG positive, compared to women negative for both.
When assessing the severity of a CT infection, Brankoviç’s study found that carrying the NOD1 GG
insertion increased risk of tubal pathology (OR: 2.25; 95%CI: 1.08–4.67, p = 0.04). When comparing
CT-positive women without symptoms to CT-positive women with symptoms to CT-positive women
with TFI, Brankoviç found an increasing trend in carriage of the GG allele (p-trend: 0.0003). While
we could confirm the NOD1 GG insertion association with a symptomatic course of a CT infection,
we did not find an association between the GG insertion and late complications. Concerning the
OR for late complications, an important difference between Brankoviç’s research and ours is that
Brankoviç reported on CT positive women diagnosed with TFI and we, in this analysis, did not
take the CT status in account. The difference in results in trend analysis are probably also due
to definition differences. Brankoviç compared asymptomatic women to symptomatic women to
women with TFI (all CT positive) while we compared fertile women to women with PID to women
with EP/TFI (all CT positive).
Our result of IL10–1082A>G being a risk SNP is contrary to our hypothesis which was based
on research done by Ohman et al., They showed that the A allele was significantly associated
with increased disease severity after CT infection [17]. Also other research indicated the AA
genotype as risk factor for Chlamydial TFI [20]. The GG genotype was found in 41.1% of our
cases, while Ohman had found 19.8%. The AA genotype was found in 24.1% and 29.2% for our
study and Ohman’s study respectively, a remarkable difference in genotype distributions for
cases in different populations. A possible explanation could be that genotype distribution of the
IL-10 –1082 SNP in Finland is quite different compared to our West-European population [17].
The results we found for IL10 are seemingly contradicting when looking at the protective effect
for IL10 -1082 *G in the susceptibility to CT infection versus the risk and role of the IL10–1082
GG genotype in the severity of a CT infection. An explanation could be that these are clearly two
different stages in complications of CT infections. It has been shown that IL10 suppresses the
inflammatory functions of macrophages, NK cells, dendritic cells, Th1, Th2, and B lymphocytes
by regulating the expression of interferon-γ, tumour necrosis factor-α, major histocompatibility
complex class II antigens, and co-stimulatory molecules, making it one of the most important
regulatory factors.[21–23] The IL10-1082 SNP, which resides in the promotor region, forms three
haplotypes with two other SNPs in this promotor region: -819 C>T and -592 C>A. The haplotypes
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formed are: GCC, ACC, and ATA. ACC and ATA are generally linked with low cytokine production;
GCC is linked with a high IL10 production [24,25]. However, results differ per study and also the
reverse has been suggested [26,27]. For our study it could be hypothesized that if GG is the
genotype with a low IL10 production then the lack of suppression (especially of interferon-γ [25])
will upregulate the host defense against intracellular infections, clearing the infection at an early
stage. But, if the upregulated immune system is unable to clear the infection it might be stimulated
too much, resulting in enhanced inflammation and tissue damage and thus increasing the chance
of episodes of PID and potentially subsequent tubal scarring. The absence of an association
between susceptibility and TLR2 +2477 G>A could be explained by earlier studies, which found it
only associated in haplotype combinations [14]. The haplotypes with an increased risk of infection
were heterozygous (GA) or homozygous (GG) for +2477 SNP [14]. In our study TLR2 approached
significance when comparing CT positive women with a symptomatic course of infection to CT
positive women with an asymptomatic course of infection. In the original research, using cohort
1, no such a near-significant value was found.[14] In the study by Verweij et al. TLR2 +2477 *A
was also more frequently present in patients with tubal pathology (19.2%) compared to women
without tubal pathology (0%, p = 0.015) [14]. The mechanism explaining these associations
might be a lowered responsiveness to lipoproteins by the mutation [28], making it more difficult
to recognise the CT particle.
CXCR5 has mainly been studied in mice so far, in which it appears to regulate CD4- and natural
killer T-cells [16]. The CXCR5 +10950 CC genotype of this chemokine receptor has been found
to protect CT positive women with an OR of 0.1 of developing tubal pathology.[16] In our study,
this finding could not be confirmed. Consistent with the previous findings [16], it did not associate
with an altered susceptibility to a CT infection.
Several limitations can be noted for this study. First, even though the women with late complications
were selected out of large cohorts the total number in the end is still relatively small. Second, for
power purposes we decided to include as many people as possible and thus confirmed earlier
results using partly the same participants. However, sensitivity analysis yielded similar results.
This sensitivity analysis were done using only the women who had never been tested before for
these SNPs. Or, if this method was not possible, comparing never before used cases with already
analysed controls. Third, the SNP distribution in cohort 3 did not match the SNP distribution of
cohort 1 and 2 (p for difference between groups ≤ 0.05). This means we needed to assess the
susceptibility in cohort 1 and 2 combined and 3 separately, resulting in an unexpected loss of power.
The difference between the SNP distributions could be the different geographical location of cohort
3 inside the Netherlands. A study employing whole-genome sequencing to investigate variation
and population structure in the Netherlands identified non-random sharing of rare mutations
within and across provinces [29]. Also it used principal component analysis of common SNPs
(frequency > 5%) to show a subtle substructure along a north-south gradient in the Netherlands
[29]. Fourth, the definition of PID is a difficult one and as can be seen in Figure 1 the PID group
does not always follow the same expected trend when trend analysing with increasing severity
are performed, even though CT is linked to PID. Fifth, we could not correct for co-infections as
we do not have this data. Therefore we can’t be absolutely certain that late complications are
not caused by co-infections like Gonorrhoea. However, this prevalence in Holland is low [30].
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Considering cohort 1–3 a limitation is that susceptibility was only measured at one point in time.
We could not confirm all prior findings. This shows on one hand that confirmatory studies are of
high importance and on the other hand that larger studies to further investigate these four, and
other SNPs, are warranted. The ultimate goal of these studies is to determine the potential of
these SNPs as a genetic component of a tubal-pathology prediction algorithm among CT positive
women. The aim of the algorithm is twofold. First to minimize the number of infertile women who
try to become pregnant naturally, while actually IVF is indicated. Second, to reduce the number
of fertile women unnecessarily undergoing a laparoscopy. In conclusion, our research does not
exclude that genetics may in part be associated with the susceptibility and severity of CT infections,
however, there is insufficient evidence to justify routine determination of the genetic signature of
the four studies SNP’s in clinical practice yet. More research, for these SNP’s and other genetic
variations, to provide more insight seems needed.
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Supplementary material
Table A1 Sensitivity analyses
Susceptibility NOD1 + 32656

TLR2 + 2477

CXCR5 + 10950

Sensivisity
analysis

TT

Cohort 1
(selection), 2

103
79
10
Cohort 1
191
19
(53.6%) (41.1%) (5.2%) (negatives), 2 (91.1%) (9.0%)

CT

Negative

20
18
1
Negative
(51.3%) (46.2%) (2.6%)

89
0
35
50
13
9 (9.2%)
(90.8%)
(0.0%) (35.5%) (51.0%) (13.3%)

Positive

83
61
9
Positive
(54.2%) (39.9%) (5.6%)

102
10
(91.1%) (8.9%)

TGG

GGGG

GG

GA

AA

TT

TC

CC

0
77
103
30
(0.0%) (36.7%) (49.0%) (14.3%)

0
42
53
17
(0.0%) (37.5%) (47.3%) (15.2%)

Abbreviations: CT, Chlamydia trachomatis
Table A2 Sensitivity analysis
Severity

NOD1 + 32656

Analysis I:
TT
Cohorts 1 (selection), 2

TGG

TLR2 + 2477
GGGG

Analysis I:
GG
Cohort 2

GA

AA

CT + total

80 (54.1%) 59 (39.9%)

9 (6.1%) CT + total 98 (91.6%) 9 (8.4%)) 0 (0%)

CT + AS

55 (61.1%) 29 (32.2%)

6 (6.7%) CT + AS

60 (95.2%) 3 (4.8%)

CT + S

25 (43.1%) 30 (51.7%)

3 (5.2%)) CT + S

38 (86.4%) 6 (13.6%) 0 (0%)

P value

P for * GG vs TT = 0.03 **

Analysis II: Cohort 5

TT

TGG

P value

0 (0%)

P for *A vs GG = 0.08

GGGG

Total

97 (59.9%) 57 (35.2%)

8 (4.9%)

Controls

69 (59.5%) 40 (34.5%)

7 (6.0%)

Cases

28 (60.9%) 17 (37.0%)

1 (2.2%)

P value

for *GG vs TT = 0.87

Sensitivity analysis, P values based on chi-square, significant results are marked with ** Abbreviations:
CT+, Chlamydia trachomatis positive; AS, asymptomatic; S, symptomatic
Table A3 Sensitivity analysis
Susceptibility

NOD1: *GG vs TT

Cohorts

OR crude

0.9 (95%CI: 0.4−1.8)

1 (selection), 2

P value crude

0.74

OR MLR

0.9 (95%CI: 0.4−1.9)

P value MLR

0.79
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Table A4 Sensitivity analyses
Severity

NOD1: * GG vs TT
OR crude

1 (selection), 2

P value crude 0.03**

P value crude 0.10

OR MLR

2.0 (95%CI: 1.0−4.0)

OR MLR

3.1 (95%CI: 0.7−13.1)

P value MPL

0.04**

P value MPL

0.13

OR crude

1.1 (95%CI: 0.5−2.1)

Cohort 5

2.1 (95%CI: 1.1−4.1)

TLR2: *A vs GG

Cohorts

Cohort 2 OR crude

3.2 (95%CI: 0.7−13.4)

P value crude 0.87
OR MLR

1.0 (95%CI: 0.5−2.0)

P value MLR

0.91

Figure A1: Sensitivity trend analysis
using cohort (2) and a selection
of cohort (1) Comparing genotype
distributions between women based
on increased severity: (1) Fertile
CT positive women. (2) CT positive
women with PID. 3. CT positive
women with ectopic pregnancy and/
or tubal factor infertility. Percentage
of genotypes as part of total.
Abbreviations:
CT+,
Chlamydia
trachomatis positive; PID, pelvic
inflammatory disease; EP, ectopic
pregnancy; TFI, tubal factor infertility.
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Abstract
The asymptomatic course of Chlamydia trachomatis (CT) infections can result in underestimated
CT lifetime prevalence. Antibody testing might improve this estimate. We assessed CT antibody
positivity and predictive factors thereof in the Netherlands Chlamydia Cohort Study. Women who
had ≥1 CT Nucleic Acid Amplification Test (NAAT) in the study (2008–2011) and who provided
self-reported information on NAATs were tested for CT major outer membrane protein specific
IgG in serum (2016). CT antibody positivity was assessed and predictive factors were identified
using multivariable logistic regressions, separately for CT-positive women (≥1 positive NAAT or ≥1
self-reported positive CT test) and CT-negative women (negative by study NAAT and self-report).
Of the 3,613 women studied, 833 (23.1%) were CT -positive. Among the CT-negative women, 208
(7.5%, 95%CI 6.5–8.5) tested positive for CT antibodies. This increased CT lifetime prevalence with
5.8% (95%CI 5.0–6.5). Among women with a CT-positive history, 338 (40.6%, 95%CI 38.5–44.1)
tested positive. Predictive factors for antibody positivity related to lower social economic status,
sexual risk behavior, multiple infections, higher body mass index, and non-smoking. CT antibody
testing significantly increased the lifetime prevalence. Combining NAAT outcomes, self-reported
positive tests, and antibody testing reduced misclassification in CT prevalence estimates.
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Introduction
Disease monitoring and proper evaluation of Chlamydia trachomatis (CT) control efforts are
important and require accurate estimates of current and lifetime CT prevalence [1]. This is,
however, challenging given the asymptomatic nature of the CT infection. Current prevalence
estimates and our understanding of CT related complications are primarily based on studies
that measure current (vaginal) infections by using nucleic acid amplification tests (NAATs) [2,3].
These tests have a high sensitivity to detect CT [4]. However, CT infections are asymptomatic in
up to 70% of the cases in women [5]. Therefore, a considerable part of these infections might go
unnoticed and thus remain undetected [2,6]. Presumably, an underestimation of the CT lifetime
prevalence is the result [6,7]. Furthermore, estimating the proportion of infected women that later
experiences CT related complications is difficult [8,9].
Given these uncertainties, several studies proposed the use of CT antibody testing as an additional
means to more accurately determine CT lifetime prevalence [1,3,10]. Elevated CT IgG levels in
serum are a marker of a previous CT infection and can provide information on past infection [3,11].
Undetected and cleared infections can be included in lifetime prevalence estimates and improve
the accuracy in either CT surveillance or in cohort studies assessing the effects of CT infections.
However, the interpretation of CT seropositivity is not straightforward because not all women
with CT infections will develop specific antibodies, furthermore, there is poor insight into the
course of antibody titers, during and after CT infection, and individual variation thereof [1,12,13].
Characteristics of women with and without a positive CT NAAT test who are CT seropositive are
not well-established [3,14]. We wanted to gain more insight into the benefit of CT antibody testing
in estimating CT lifetime prevalence. First, we aimed to assess and compare CT antibody positivity
among women with a CT-positive history (i.e., NAAT-positive results or self-reported positive test
results) and in women with a negative history (NAAT-negative and no self-reported positive test).
Second, we aimed to identify the predictive factors of CT antibody positivity in the two groups.

Materials and Methods
Study Design and Population
We used cross-sectional data from the Netherlands Chlamydia Cohort Study (NECCST), an ongoing
longitudinal cohort study of women of reproductive age in the Netherlands, prospectively followed
for ≥10 years to investigate disease progression of CT [15]. NECCST is a follow-up study from
the Chlamydia Screening Implementation (CSI) study, see Figure 1. In CSI, women were tested
annually for CT through vaginal swabs or urine samples between 2008 and 2011 [16]. Women who
participated in at least one round of CSI were recruited for NECCST in 2015–2016. All participants
had ≥1 NAAT test for CT during CSI, referred to as CSI–NAAT. Between 2008–2011 (CSI) and
2015–2016 (NECCST), women completed questionnaires about previous CT tests (and results),
and on demographics, health characteristics, and (sexual) risk behavior. At the start of NECCST,
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capillary blood samples were collected to test for CT IgG antibodies. Women were included in
the present study in case there was a negative or positive CT IgG antibody result available.

CSI 2008-2011
228,457 women invited
Exclusion n = 213,772
169,639 (74%) no participation in CSI
44,133 (19%) no consent to be approached for
future research
NECCST 2015-2016
14,685 eligible to be invited for NECCST
Exclusion n = 8981
6422 (48%) did not respond
1187 (8%) addresses could not be retraced
1372 (10%) declined invitation
First round of NECCST
5,704 enrolled in NECCST
Exclusion n = 2002
2002 did not return a blood sample

Tested 3702 samples were tested for CT antibodies

Included
3613 samples
3067 (85%) tested negative for CT antibodies
546 (15%) tested positive for CT antibodies

Exclusion n = 89
23 samples retested grey-zone again
9 samples could not be retested again because of
insufficient serum volume
57 women did not meet criteria of self-reported
CT positivity definition

Figure 1. Flowchart for inclusion of participants in the present study, based on previous participation in the CSI
Figure
1. Flowchart
for inclusion
of participants
(n=58,818)
and NECCST
(n=5,704)
projects in the present study, based on previous participation in
the Chlamydia Screening Implementation (CSI) (n = 58,818) and Netherlands Chlamydia Cohort Study
(NECCST) (n = 5704) projects.

CT Antibody Testing
Within two weeks after completing the initial NECCST questionnaire, participants received a kit
at home for self-collection of capillary blood for the CT IgG antibody testing. Capillary blood was
obtained via finger prick and collected in a collection tube (BD Microtainer® serum separator
tube, Becton, Dickinson and Company, USA). Samples were sent by regular mail to the laboratory
and were immediately processed and centrifuged, in order to collect the serum. Subsequently,
serum samples were stored at −20 °C until the serological measurement was performed [17].
To test for CT antibodies, the commercially available CT IgG ELISA plus (CT IgG ELISA plus;
Medac, Wedel, Germany) test was chosen because this assay is the most widely used serology
test in the Netherlands, which utilizes comparability between studies. In addition, this assay is
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used in clinics as part of infertility diagnostics. It is a peptide-based assay and used major outer
membrane protein (MOMP) as the antigen of CT. The synthetic MOMP peptide is based on all
available genetic information of the CT serovar, such that they detect all CT serovars without
cross reactivity to other Chlamydiae, including Chlamydia pneumoniae [18]. This resulted in
a high specificity of 97%. Other advantages of the ELISA plus are the high-throughput and
quantitative outcomes [18]. Sensitivity varied between 71%–93% in comparison to the microimmunofluorescence (MIF) or other serological tests, and between 30%–77% compared to the
NAAT-positive women, depending on time since infection [11,18,19]. The assay was performed
according to the manufacturer’s instructions to test for the presence of CT IgG antibodies.
Quantitative serological outcomes were classified as negative (IgG concentration <22 AU/ml),
grey-zone (IgG concentration 22–28 AU/ml), or positive (IgG concentration ≥28 AU/ml). Samples
with a grey-zone serological outcome were retested and the retest outcome was used. In cases
where the samples tested in the grey-zone again or the samples could not be retested, the
participants were excluded from this study (Figure 1, study flowchart).
Nucleic Acid Amplification-Based Diagnostics
During the annual CSI, CT tests were performed in self-collected vaginal swabs or urine samples.
These samples were tested by NAATs, which are considered to be the preferred method for
diagnosis of CT infections [4]. In CSI, there was a minimum of one and a maximum of four NAAT
outcomes for all women, depending on participation.
Questionnaires
Potential predictive factors were obtained by CSI questionnaires and the initial NECCST
questionnaire. CSI questionnaires addressed previous STIs, demographics, and sexual risk
behavior. The NECCST questionnaire contained questions related to CT infections, sexual health,
sexual risk behavior, and health characteristics. In case of at least one self-reported CT infection,
the year of the positive CT test and the CT-related symptoms, such as vaginal discharge, abdominal
pain, or pain during intercourse or intermenstrual vaginal bleeding, were documented. We used
CSI data where possible in order to shorten the recall distance and to verify data.
CT History
A CT-positive history was determined by positive NAAT outcomes during CSI and self-reported
positive CT tests during CSI or NECCST. A self-reported test was defined as a positive CT test
(NAAT) performed in an STI clinic or hospital, by a GP, or performed in samples collected at home
but tested in a laboratory. A CT-negative history was defined as no positive NAAT result and no
self-reported positive CT tests.
Potential Predictive Factors
First, demographics were taken into account. Age of participants was assessed at the time of the
initial NECCST questionnaire. Migration background was classified as ‘Western’ if both parents
had a Western country of birth (i.e., a country from Europe [excluding Turkey], North-America,
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Oceania, Indonesia, and Japan), ‘non-Western’ if at least one parent had a non-Western country
of birth, and ‘unknown’ if one parent was Western whereas the country of birth of the other parent
was unknown, or when country of birth of both parents was unknown. Educational level was
categorized by low- and middle-educational level versus high-educational level (low/medium—no
education, primary education only, lower general secondary education, and vocational education,
high—higher professional education and university education). Other potential predictive factors
were—the number of CT infections, number of CT tests, years since last infection until the year of
the initial NECCST questionnaire (serum test), CT symptoms (yes/no), and previous gonorrhea
infections. Factors related to sexual risk behavior were—the number of lifetime sex partners,
condom use with a casual partner, condom use with a steady partner, and age of sexual debut.
Last, the following health characteristics were considered—smoking and Body Mass Index (BMI).
Statistical Analysis
Prior to conducting analyses, the amount of missing data was investigated. In addition, it was
determined whether the missing data were dependent on the participants’ characteristics or the
outcome variable. Descriptive analyses were performed and characteristics of the total study
population are presented. To compare characteristics between women with a positive and negative
chlamydia history, the chi-squared test, t-tests, and the Wilcoxon rank-sum test were used.
CT antibody status was described and compared by a CT-negative history and a CT-positive history,
using the chi-squared tests. The latter was further divided between CSI-NAAT positive women and
women with self-reported positive CT tests only. The additional value of the CT antibody testing
for estimating CT lifetime prevalence in combination with CT-NAAT and self-reported positive
tests was calculated. Differences in CT lifetime prevalence’s were tested with the McNemar test.
To examine predictive factors of CT antibody positivity, multivariable logistic regression analyses
were performed. The analyses were stratified by CT history (a negative history or a positive history).
Univariable analyses tested associations between potential predictive factors and CT IgG antibody
presence. p-values < 0.10 were used as cut-off for inclusion in the multivariable model. In the
multivariable model, a backward stepwise selection was used in order to manually remove factors
that were not significantly (p ≥ 0.05) associated with CT antibody positivity anymore. Results of
univariable and multivariable analyses were presented as odds ratios (ORs) and adjusted odds
ratios (aORs) with 95% confidence intervals (CIs). Statistical analyses were performed using
STATA (Version 15.1; StataCorp, College Station, TX, USA).
Ethics Approval
This study was approved by the Medical Ethical Committee VU medical Center, Amsterdam the
Netherlands (NL 51553.094.14/2015.903(A2019.336)). Date of approval 10/13/2015.

88

Chlamydia trachomatis serology

Results
In total, 3,702 blood samples were tested for CT antibodies from women who had an available
NAAT result and who completed the initial NECCST questionnaire. Of the 80 grey-zone samples,
32 were excluded from analyses because of insufficient serum volume for retesting or a second
grey-zone test outcome. Additionally, 57 women were excluded because they did not meet the
criteria for CT history positivity resulting in 3,613 women being included in the analyses; see
Figure 1. The amount of missing data was 0.5%. Missing values did not depend on participant
characteristics and were assumed to be at random.
Participant Characteristics
Table 1 summarizes the main characteristics of all participants, n = 3,613. In total, 2,780 (76.9%)
participants had a CT-negative history and 833 (23.1%) participants had a CT-positive history.
Of participants with a CT-positive history, 206 (24.7%) had ≥1 positive CSI–NAAT result and 627
(75.3%) were based on self-reported positive CT tests only. Participants predominantly had a
Western migration background (83.4%), were often highly educated (81.6%), and the mean age
was 31.2 (SD 3.8, range 21–38) years in 2015/2016 at the time of CT IgG antibody test.
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Condom use with steady partner d (n (%))
Always, mostly
Sometimes
Never/not often
At beginning of relationship
No steady partners

Sexual behavior
309 (8.6)
583 (16.2)
1000 (27.8)
1665 (46.2)
45 (1.3)

49 (5.9)
144 (17.3)
266 (32.0)
364 (43.8)
9 (1.1)

408 (49.0)
425 (51.0)

408 (49.0)
425 (51.0)

33 (4.0)
142 (17.1)
220 (26.4)
438 (52.6)

631 (75.8)
166 (19.9)
36 (4.3)

222 (26.7)
610 (73.3)

626 (75.2)
169 (20.3)
38 (4.6)

220 (26.4)
233 (28.0)
214 (25.7)
166 (19.9)

CT-positive history ‡
n = 833 (23.1%)

6.0 (4.0–9.0)

260 (9.4)
439 (15.9)
734 (26.5)
1301 (47.0)
36 (1.3)

576 (20.7)
852 (30.7)
748 (26.9)
604 (21.7)

2,780 (100.0)

439 (15.8)
2339 (84.2)

2391 (86.0)
277 (10.0)
112 (4.0)

703 (25.3)
721 (25.9)
685 (24.6)
671 (24.1)

CT-negative History †
n = 2780 (76.9%)

6.0 (4.0–9.0)

609 (16.9)
994 (27.5)
968 (26.8)
1042 (28.8)

Number of CT tests (n (%))
<2 tests
2
3
>3

Years since last CT infection b
(median IQR)
CT symptoms c $ (n (%))
No symptoms
Symptoms

2780 (76.5)
631 (17.5)
166 (4.6)
36 (1.0)

Number of CT infections (n (%))
0 infections
1
2
≥3

Infection characteristics

661 (18.3)
2949 (81.7)

Educational level # a (n (%))
Low and middle
High

923 (25.6)
954 (26.4)
899 (24.9)
837 (23.2)
3017 (83.5)
446 (12.3)
150 (4.2)

Q1: 21–28 years
Q2: 29–31 years
Q3: 32–34 years
Q4: 35–38 years

Total
n = 3613

Migration background (n (%))
Western
Non-western
Unknown

Age

Demographic characteristics

.

Table 1. Main characteristics of the study population.

0.001

<0.001

<0.001

<0.001

0.089

p-value
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1163 (32.2)
1243 (34.4)
1207 (33.4)
926 (25.6)
1419 (39.3)
1268 (35.1)
3555 (98.4)
58 (1.6)

Number of lifetime sexual partners (n (%))
<6 partners
6–12
>12

Age of first intercourse (n (%))
≤15 years
16–17
≥18

Self-reported gonorrhea infection (n (%))
Never
At least one

22.5 (20.8–24.8)

BMI f (median (IQR))

349 (42.0)
369 (44.4)
52 (6.3)
62 (7.5)

129 (15.5)
287 (34.5)
417 (50.1)
279 (33.5)
343 (41.2)
211 (25.3)
797 (95.7)
36 (4.3)

250 (30.0)
462 (55.5)
121 (14.5)
22.7 (20.8–25.3)

1313 (47.4)
762 (27.5)
165 (6.0)
530 (19.1)

1034 (37.2)
956 (34.4)
790 (28.4)
647 (23.3)
1076 (38.7)
1057 (38.0)
2758 (99.2)
22 (0.8)

1205 (43.3)
1351 (48.6)
224 (8.1)
22.5 (20.8–24.6)

0.117

<0.001

<0.001

<0.001

<0.001

<0.001

Data are medians ± inter quartile ranges (IQR) or numbers and percentages. Percentages might not add up to a total of 100 as values were rounded-up. CT = Chlamydia
trachomatis, Q = quartile, BMI = Body Mass Index. † CT-negative history was defined as: no positive Nucleic Acid Amplification Test (NAAT) result during the Chlamydia
Screening Implementation study (CSI) [16] and no self-reported positive CT test. ‡ CT-positive history was defined as—at least one NAAT positive result during CSI or
self-reported positive CT tests. o Migration background was classified as ‘Western’ if both parents had a Western country of birth (i.e., a country from Europe [excluding
Turkey], North-America, Oceania, Indonesia, and Japan), ‘non-Western’ if at least one parent had a non-Western country of birth, and ‘unknown’ if one parent was
Western whereas the country of birth of the other parent was unknown or when country of birth of both parents was unknown. # Educational level was categorized by
low- and middle-educational level versus high-educational level (low/medium—no education, primary education only, lower general secondary education, and vocational
education, high—higher professional education and university education). $ CT symptoms included—vaginal discharge, abdominal pain or pain during intercourse or
intermenstrual vaginal bleeding. a missing 3. b missing 3: based on women (n = 833) with a CT-positive history. c based on women (n = 833) with a CT-positive history. d
missing 11; e missing 11; f missing 4.

1455 (40.3)
1813 (50.2)
345 (9.6)

Smoking status (n (%))
Never
Occasional
Daily

Lifestyle characteristics

1662 (46.1)
1131 (31.4)
217 (6.0)
592 (16.4)

Condom use with casual partner e (n (%))
Always, mostly
Sometimes
Never/not often
No casual partners

Chlamydia trachomatis serology
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CT Antibody Status
Table 2 presents CT antibody status stratified by CT history, with a further distinction between
participants with at least one CSI–NAAT positive result and participants with only self-reported
positive CT tests. Of the 2,780 participants with a CT-negative history, 208, i.e., 7.5% (95% CI
6.5–8.5) tested positive for CT IgG, and among the 833 participants with a CT-positive history,
338, 40.6% (95% CI 37.2–43.9) tested positive for CT IgG (p < 0.001). CSI–NAAT positives were
more often (n = 98, 47.6%, 95% CI 40.6–54.6) CT-IgG-positive, compared to women with only
self-reported positive tests (n = 240, 38.3%, 95% CI 34.5–42.1), p = 0.018.
Including outcomes of the CT antibody tests in the CT history definition (i.e., combining CSI–NAAT
positive tests (n = 206), only the self-reported positive tests (n = 627), and only the CT antibody
positives (n = 208) increased the lifetime CT prevalence from 23.1% (95% CI 21.7–24.5) to 28.8%
(95% CI 27.3–30.3). This was a significant increase of 5.8% (95% CI 5.0–6.5), p < 0.001.
Table 2. CT IgG antibody status in women with a CT-positive history and a CT-negative history.
CT IgG Positive

Total

p value

CT-negative history †

208 (7.5%)

2,780 (100%)

<0.001 *

CT-positive history

338 (40.6%)

833 (100%)

Total

‡

NAAT positive in CSI

98 (47.6%)

Self-reported positive

240 (38.3%)
546 (15.1%)

0.018 **
3,613 (100%)

CT—Chlamydia trachomatis, IgG—Immunoglobulin G, NAAT—Nucleic Acid Amplification Test, CSI—
Chlamydia Screening Implementation study. † CT-negative history was defined as: no positive NAAT result
during the CSI [16] and no self-reported positive CT test. ‡ CT-positive history was defined as: at least
one NAAT positive result during CSI or self-reported positive CT test. * p value of the difference in CT IgG
positivity between CT history negative and CT history positive women. ** p-value of the difference in CT IgG
positivity between CSI–NAAT positives and self-reported positive tests only.

Predictors of Having CT Antibodies
Table 3 shows univariable associations with CT antibodies and predictive factors of CT antibody
positivity, identified by multivariable analyses. For women with a CT-positive history, multivariable
analysis indicated that only the following factors remains associated with CT antibody positivity:
unknown migration background, higher number of CT infections, and non-smoking.
For women with a CT-negative history, multivariable analysis demonstrated that the predictive
factors of CT antibody positivity were non-Western or unknown migration background, low/middleeducational level, higher number of lifetime sexual partners, younger age at first intercourse, and
BMI > 30.
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CT symptoms $ c
No symptoms *
Symptoms

Years since last CT infection b
<2 years *
2–5
>5

Number of CT tests
<2 tests *
2
3
>3

Number of CT infections
1*
≥2
1
0.77 (0.51–1.17)
1.07 (0.72–1.61)
1.14 (0.75–1.73)

1
0.50 (0.36–0.70)

Educational level # a
Low and middle *
High

1
0.95 (0.63–1.44)
1.05 (0.70–1.58)
1.33 (0.90–1.97)
1
2.19 (1.49–3.21)
2.03 (1.13–3.64)

Q1: 21–28 years *
Q2: 29–31 years
Q3: 32–34 years
Q4: 35–38 years

OR (95%CI)

Crude

207/2768

CT-Negative History †

Migration background o
Western *
Non-Western
Unknown

Age

Variable

CT IgG Antibody Positivity n/N
OR (95%CI)

aOR (95%CI)

1
0.84 (0.61–1.14)

1
0.58 (0.41–0.82)

1
1.14 (0.86–1.50)

1
0.73 (0.44–1.21)
0.65 (0.41–1.03)

1
1.06 (0.49–2.30)
0.93 (0.44–1.97)
1.11 (0.54–2.30)

1
2.35 (1.71–3.25)

1
1.47 (1.04–2.06)
1.81 (0.94–3.49)

1
2.22 (1.49–3.29)
2.10 (1.16–3.83)

1
1.11 (0.76–1.63)
1.09 (0.74–1.60)
1.27 (0.84–1.91)

Crude

337/830

CT-Positive History ‡
Adjusted

Positive CT IgG Antibody Status

1
2.28 (1.64–3.17)

1
1.38 (0.97–1.96)
1.98 (1.00–3.91)

aOR (95%CI)

Adjusted

Table 3. Univariable and multivariable analyses of Chlamydia trachomatis (CT) IgG antibody status stratified for women with a CT-negative and a CT-positive
history.
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Underweight

1
0.76 (0.27–2.14)
1.09 (0.73–1.62)
1.81 (1.13–2.91)

1
0.75 (0.53–1.07)
0.62 (0.42–0.90)

1
1.76 (1.22–2.53)
1.81 (1.23–2.68)

1
0.58 (0.24–1.40)
1.19 (0.83–1.69)
1.81 (1.10–2.97)

1
0.73 (0.54–1.00)
1.36 (0.88–2.10)

1
2.11 (1.08–4.17)

1
0.83 (0.60–1.15)
0.96 (0.67–1.38)

1
0.90 (0.58–1.37)
1.17 (0.78–1.75)

1
0.99 (0.73–1.33)
1.00 (0.55–1.81)
1.21 (0.71–2.09)

1
1.45 (0.75–2.80)
0.96 (0.52–1.79)
0.87 (0.47–1.59)
1.16 (0.28–4.86)

1
0.70 (0.51–0.97)
1.17 (0.75–1.84)

OR—odds ratio, aOR—adjusted odds ratio, CI—confidence interval, CT—Chlamydia trachomatis, IgG—Immunoglobulin G, Q—quartile, BMI—Body Mass Index. Factors
associated (p < 0.10) in the univariable analyses were included in the multivariable analysis. Significant (p < 0.05) results are presented in bold. *Reference category. †
CT-Negative history was defined as ‘no positive Nucleic Acid Amplification Test (NAAT) result during the Chlamydia Screening Implementation study (CSI) [16] and no selfreported positive CT tests’. ‡ CT-Positive history was defined as ‘at least one NAAT positive result during CSI or self-reported positive CT test’. o Migration background was
classified as ‘Western’ if both parents had a Western country of birth (i.e., a country from Europe [excluding Turkey], North-America, Oceania, Indonesia, and Japan), ‘nonWestern’ if at least one parent had a non-Western country of birth, and ‘unknown’ if one parent was Western whereas the country of birth of the other parent was unknown
or when country of birth of both parents was unknown. #Educational level was categorized by low- and middle-educational level versus high-educational (low/medium—no
education, primary education only, lower general secondary education, and vocational education, high—higher professional education and university education). $ CT
symptoms included—vaginal discharge, abdominal pain or pain during intercourse or intermenstrual vaginal bleeding. a missing 3. b missing 3—based on women (n =
833) with a CT-positive history. c based on women (n = 833) with a CT-positive history. d missing 11. e missing 11. f missing 4.

1
0.76 (0.27–2.11)
1.15 (0.78–1.69)
2.33 (1.49–3.65)

1
1.07 (0.79–1.45)
1.96 (1.24–3.08)

Smoking status
Never *
Occasional
Daily

Healthy weight (18.5–25) *
(<18.5)
Overweight (25–30)
Obese (≥30)

1
2.78 (0.93–8.30)

Self-reported gonorrhea infection
Never *
At least one

BMI f

1
0.70 (0.50–0.98)
0.56 (0.39–0.80)

Age at first intercourse
≤15 years *
16–17
≥18

1
1.68 (1.19–2.39)
1.64 (1.14–2.37)

1
1.32 (0.96–1.82)
0.65 (0.31–1.35)
0.79 (0.52–1.20)

Condom use with casual partner e
Always, mostly *
Sometimes
Never/not often
No casual partners

Number of lifetime sexual partners
<6 partners *
6–12
>12

1
1.10 (0.63–1.95)
0.84 (0.49–1.44)
0.99 (0.60–1.63)
1.10 (0.31–3.87)

Condom use with steady partner d
Always, mostly *
Sometimes
Never/not often
At beginning of relationship
No steady partners
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Discussion
In this cohort of women of reproductive age, eight percent of women who previously tested
negative for CT by NAAT, tested positive for CT IgG antibodies. This increased the CT lifetime
prevalence estimate with six percent. Among women who previously tested positive for CT by
NAAT, 40% tested positive for the CT IgG antibodies. In women with a CT-positive history (CSI–
NAAT positive or self-reported positive CT tests), the predictive factors of CT antibody positivity
were an unknown migration background and multiple CT infections, while occasional smoking
(compared to current smoking) had a preventive effect. In women with a CT-negative history,
predictive factors of previous unnoticed infections were a non-Western and unknown migration
background, low- or middle-educational level, higher number of lifetime sexual partners, younger
age at first sexual intercourse, and obesity.
CT IgG antibody testing identified 208 unnoticed CT infections among 2,780 women; infections
that otherwise would have been missed. Therefore, in this population of women with a mean age
of 31 (SD 4), lifetime CT prevalence increased by six percent from 23% (i.e., CSI–NAAT positive
or self-reported positive tests) to 29%, including CT antibody testing. Although an increase of six
percent suggests only a minor increase, the 208 additional CT history positives accounted for
twenty percent (208/1,041) of all CT history positives. This was similar for CSI–NAAT positives
that also accounted for 20% (206/1,041) of CT history positives, whereas the contribution from
self-reported positive CT tests was 60%. Focusing only on NAAT and self-reported tests has its
limitations. Although NAATs are highly sensitive and specific [4], only current CT infections can
be measured. Median number of NAAT tests per participant in CSI was two. Including only NAAT
outcomes for the CT lifetime prevalence would result in a large underestimation. Self-reported
positive tests contributed the most in CT lifetime prevalence estimates, but might have induced
recall bias and resulted in misclassifications in CT history. This was demonstrated in the difference
in CT antibodies among women with a CSI–NAAT positive result (48% CT IgG positive) and
women who only had a self-reported positive test (38% CT IgG positive). Therefore, combining
NAAT outcomes, self-reported positive test outcomes, and CT antibody test outcomes results in
more robust prevalence estimates. This would not erase misclassification but would reduce it.
Consequently, estimation of the proportion of women who experiences CT-related complications,
for example in cohort studies, would be more precise by including IgG antibody testing because
there would be less misclassification in CT status [1,20].
Nevertheless, among women with a positive NAAT, less than half tested positive for CT IgG
antibodies. Therefore, the proportion of women with past CT infections is presumably higher.
Among CT- positive history women, 60% of infections were missed while using antibody testing.
Assuming a similar test sensitivity in both the CT- positive and CT-negative group, and by applying
this percentage missed to the CT- negative group, one could hypothesize that true CT (sero-)
positivity is around 20% instead of 8% in the CT- negative group. However, sensitivity might differ
between these two groups as in the CT- positive group, 51% of women reported symptoms and
24% of women had multiple CT infections, which could have caused higher antibody responses
[11,21].
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In participants with a CT-positive history, an unknown migration background and multiple CT
infections were strongly associated with CT antibody positivity. This provides additional evidence
that repeated exposure to CT infections is an important predictor of CT antibody positivity [11,22].
Occasional smoking compared to non-smoking was demonstrated to be a condition that decreases
the likelihood of having CT IgG antibodies. We only found this association among women who
previously tested positive for CT. It is, therefore, not a risk or protective factor for acquiring a CT
infection, but specifically in having CT IgG antibodies following CT infection. The association
might be explained by alterations in the immune response, such as an accelerated decrease of
antibodies over time or weaker antibody responses. It is known that smoking can downregulate
the immune system [23]. However, we did not find a significant difference with current smokers
as compared to non-smokers.
In participants with a CT-negative history, predictive factors for antibody positivity could be
interpreted as predictive factors for women with unnoticed infections next to predictors for
seroconversion. A non-Western or unknown migration background and low/middle-educational
level were predictive for antibody positivity [24,25] and both characteristics related to a lower
socioeconomic status (SES), which was associated with increased sexual risk behavior [26].
Additionally, previous research found higher CT antibody responses among African-Americans
compared to Caucasians [13]. A positive association was found between a high number of
lifetime sexual partners and CT antibody positivity, although this association was less strong
than demonstrated in a previous study [10]. Age at time of antibody test was not a risk factor for
having antibodies, probably because the majority of women in the cohort were all around thirty
years of age. However, younger age at first sexual intercourse also increased the risk of being CT
antibody positive and was consistent with previous research [10,27]. Young age is a consistent
risk factor for CT acquisition, which could suggest an acquired and protective immune response
[28]. Moreover, women with obesity had an increased risk of being CT antibody positive. We do
not have a clear explanation for this finding. Although obesity is a condition that affects those
with a low SES more often [29], the association remained after correcting for education level and
migration status in the multivariable model. This suggests that a lower SES is not an explanation
for this finding. On the other hand, we cannot completely rule out residual confounding. It might
be that BMI is not completely explained by the variables we have in the dataset and that BMI is
still linked to a lower SES and, therefore, poses a higher risk for acquiring CT infection and not
specifically CT IgG antibodies. Especially because obesity is associated with impaired immunity
and reduced immunocompetence [30], we would expect to find a decreased risk for CT antibodies
instead of an increased risk. It would be interesting to study a possible association between CT
infection or presence of CT antibodies and BMI in other cohorts. Last, participants with a CTnegative history and a positive CT antibody test presumably did not receive treatment for the
infection. This IgG test does not give any information on whether the infection was past or current.
Hence, treatment is not indicated, which is in line with national and international guidelines [31].
Several limitations should be noted. The antibody test specificity (although high—97%) could,
in combination with the low seroprevalence in the CT- negative group, result in a considerable
number of false positives. However, the specificity issues reported in general in the past based on
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the potential cross reactivity with Chlamydia pneumoniae, Chlamydia psittaci, and Acinetobacter
were not applicable in the current peptide-based ELISA from Medac in which a small peptide from
the MOMP protein was selected with no cross reactivity with C. pneumoniae, in contrast to either
lipopolysaccharide-based ELISAs or total MOMP-based ones [32–34]. Furthermore, there was
the possibility of selection bias. The overall CT antibody positivity rate of 16% found in this study
was higher than that found in a population-based seroprevalence study among 25–39-year old
women, which was previously conducted in the Netherlands; a seroprevalence of 9% in 2007 was
found [14]. A possible explanation might be that NECCST participants were at higher risk for CT
when compared to the general population who participated in the population-based study. This
was also seen in the screening trial. CSI participants had a higher CT positivity rate compared to
the estimated population prevalence and had higher behavioral risk factors compared to people
not participating in the CSI, which suggest a self-selection for screening, based on personal risk
perception [16,35]. This might influence the generalizability of the results. The 8% antibody positives
in the CT-negative group could be an overestimation when compared to the general population.
To gain more insight into the proportion of women with unnoticed previous CT infections and
thereby improve the prevalence estimates even more, further research should be conducted.
For example, assays based on different CT antigens such as the Pgp3 in combination with
MOMP-based assays or assays using a range of CT antigens to determine the most reactive
CT antigens might increase insight [12,36,37]. Additionally, the effect of time on antibody levels
requires further study. In our multivariable analyses, time measured in years, since last infection
was not a predictive factor for CT antibody positivity in multivariable analysis. According to a study
by Horner et al. [11], antibodies were detected in only 38% of participants from genitourinary
medicine clinics six months after infection, as compared to 77% at time of infection, using the
ELISA plus from Medac [19,21]. This suggests that the antibody levels decreased within the first
months after infection, but no significant further reduction happened after six months. This was
comparable with a recent study in which the same assay was used, antibodies were measured
within three months and three to ten years after infection; seroprevalence was 66% and 35%,
respectively [22].
In conclusion, we demonstrated that CT IgG antibody testing identified women with unnoticed
CT infections among women previously tested negative for CT by NAAT. Although not all women
tested positive for CT antibodies despite a previous CT infection, the extra infections found with
antibody testing significantly increased the CT lifetime prevalence estimates. Consequently, this
improved the estimates on proportions of women who experienced CT-related complications.
In estimating the CT lifetime prevalence, we recommended CT antibody testing in combination
with previous chlamydia test outcomes.
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CHAPTER 6

Abstract
Chlamydia trachomatis (Ct) whole-proteome microarrays were utilized to identify antibody patterns
associated with infection; pelvic inflammatory disease (PID), tubal factor infertility, chronic pelvic
pain (CPP) and ectopic pregnancy in a subsample of the Netherlands Chlamydia cohort study.
Serum pools were analyzed on whole-proteome arrays. The 121 most reactive antigens identified
during whole-proteome arrays were selected for further analysis with minimized microarrays that
allowed for single sera analysis. From the 232 single sera; 145 (62.5%) serum samples were
reactive for at least one antigen. To discriminate between positive and negative serum samples;
we created a panel of in total 18 antigens which identified 96% of all microarray positive samples.
Antigens CT_858; CT_813 and CT_142 were most reactive. Comparison of antibody reactivity’s
among women with and without Ct related sequelae revealed that the reactivity of CT_813 and
CT_142 was less common among women with PID compared to women without (29.0% versus
58.6%, p = 0.005 and 25.8% versus 50.6%, p = 0.017 respectively). CT_858 was less common
among CPP cases compared to controls (33.3% versus 58.6; p = 0.028). Using a whole-proteome
array to select antigens for minimized arrays allows for the identification of novel informative
antigens as general infection markers or disease associated antigens.

104

Chlamydia trachomatis whole proteome microarray analysis

Introduction
Chlamydia trachomatis (Ct) is the most frequently reported bacterial sexually transmitted infectious
agent, and caused 127 million incident infections worldwide in 2016 [1]. Mostly women are
affected, with an estimated worldwide prevalence of 4% among 15–49 years olds [1]. In women,
Ct infections can ascend to the upper genital tract and cause pelvic inflammatory disease (PID),
chronic pelvic pain (CPP), tubal factor infertility (TFI) and ectopic pregnancy (EP) [2].
Ct infections can be detected by either detecting the pathogen directly in clinical specimens, or
by measuring antibodies against Ct in patient serum [3]. Nucleic acid amplification tests (NAAT)
have replaced cell culture-based methods as the gold standard in clinical Ct diagnostics [4,5].
Although NAATs are highly suited to detect acute Ct infections, they are not able to detect past
infections and may miss persistent, low load or upper genital tract infections. We hypothesize
that when persistent upper genital tract infections are established and Ct resides in the form of
aberrant reticulate bodies (RBs) inside epithelial cells, Ct as well as its DNA or RNA may no longer
be detectable in swabs or other clinical specimens [6]. However, these infections may still be
detectable indirectly through detection of Ct antibodies in serum [6].
The Microimmunofluorescence (MIF) test was formerly considered the gold standard for
serodiagnosis of Ct infections [7]. In this test, serum antibodies against chlamydial elementary
bodies (EB) are measured. Due to poor standardization, subjective microscopic readings and
labor-intensive procedures of this method, alternative assay formats based on enzyme-linked
immunosorbent assays (ELISA) have been developed [8]. However, most of these assays are
limited to few defined chlamydial antigens. Commercially available assays use the Ct major
outer membrane protein (MOMP), the heat shock protein 60 (hsp60), protease-like activity factor
(CPAF) or translocated actin-recruiting phosphoprotein (TARP) as antigens [9–11]. The plasmid
encoded Ct protein pGP3 is used in several published assays to detect Ct antibodies [12–15].
Another method to detect Ct antibodies to a large but still limited number of Ct proteins is multiplex
serology, a bead-based high-throughput method used to detect antibodies to multiple antigens
simultaneously [16]. This method has already been used to detect serum antibodies against
selected Ct antigens in large cohorts [17,18].
Analysis of antibodies to the entire Ct proteome, consisting of 895 proteins, however allows
the de novo identification of additional immunogenic Ct proteins. We recently developed a
method to generate bacterial whole-proteome microarrays using a combination of Multiple
Spotting Technique and cell-free, on-chip protein expression [19]. Bacterial proteins expressed on
microarrays display antigenic epitopes, thereby providing an efficient method for immunoprofiling
of patients and allowing de novo identification of antibodies associated with general infection as
well as disease-related serum antibodies. Through comparison of antibody reactivity patterns,
we identified antigens as markers for either general Ct infection or cervical cancer and validated
these antigens using a high-throughput suspension bead array called multiplex serology [19].
De novo-identified disease-specific antibody profiles might be useful in clinical diagnosis, and
allow the epidemiological investigation of the role of Ct infections in the development of different
Ct-associated diseases.
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In the Netherlands Chlamydia Cohort Study (NECCST), women of reproductive age were followed
over time to assess Ct disease progression [20]. Serum samples from a subsample of NECCST
participants were analyzed with Ct whole-proteome microarrays for the following aims: to identify
informative antigens to distinguish between Ct infected and non-infected participants, and to
explore associations between novel Ct antigens and PID, CPP, ectopic pregnancy and TFI.

Methods
Study Population
Samples were selected from participants from NECCST. In NECCST, women of reproductive age
are followed for a minimum of ten years until 2022 to assess Ct disease progression. NECCST
participants previously participated in the Chlamydia Screening Implementation study (CSI)
between 2008 and 2011 in which they participated in annual Ct NAAT tests [21]. In 2015–2016,
these women were re-invited for NECCST. Participants filled in questionnaires concerning Ct
infections, sexual risk behavior, PID, CPP, pregnancies and fertility. In case participants reported
to be infertile they were asked how this diagnosis was made, the cause of infertility and possible
treatments. Furthermore, additional informed consent was asked to request their medical files.
Following the questionnaire, participants sent in a capillary blood sample to test for CT IgG to
determine unnoticed infections using a Ct ELISA (CT IgG ELISA plus; Medac, Wedel, Germany).
Sample Selection
For the current study, we selected samples from a total of 5700 NECCST participants based on
the following criteria: First, participants had given consent for the serum samples to be tested
in other scientific research concerning sexually transmitted infections. Second, when sufficient
amounts of serum volume, i.e., >24 µL were available. Lastly, when participants fell in any of the
following three categories:
Group 1. Ct positive (i.e., tested positive by NAAT during the CSI, reported to have had a Ct
infection, and/or tested positive for Ct IgG), but without any of the complications and at least
once pregnant for a minimum of 20 weeks.
Group 2. Ct negative (i.e., no positive NAAT result during the CSI, no self-reported Ct infections and
no Ct IgG antibodies), but with any of the complications, either PID, CPP, ectopic pregnancy or TFI.
Group 3. Ct positive (i.e., tested positive by NAAT during the CSI, reported to have had a Ct
infection, and/or tested positive for Ct IgG) and with any of the complications, i.e., either PID,
CPP, ectopic pregnancy or TFI.
In total, 259 serum samples were selected of which 143 (55.2%) belonged to group 1, 80 (30.9%)
to group 2 and 36 (13.9%) to group 3. Characteristics of the selected study participants are
shown in Table 1.
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Table 1. Characteristics of the study population.
Overall
N = 259

Age (years)
<30
30–32
33–35
≥36
CT history
Negative
Positive by at least
NAAT $
Positive by at least
MOMP ELISA o
Positive by only selfreported infections
Ct complications *
None
PID
CPP
EP
TFI

n (%)

Ct Positive Without
Complications
N = 143 (55.2)
n (%)

Ct Negative with
Complications
N = 80 (30.9)
n (%)

Ct Positive with
Complications
N = 36 (13.9)
n (%)

77 (29.7)
69 (26.6)
75 (29.0)
38 (14.7)

41 (28.7)
31 (21.7)
45 (31.5)
26 (18.2)

27 (33.8)
22 (27.5)
23 (28.8)
8 (10.0)

9 (25.0)
16 (44.4)
7 (19.4)
4 (11.1)

80 (30.9)

0 (0.0)

80 (100.0)

0 (0.0)

32 (12.4)

25 (17.5)

0 (0.0)

7 (19.4)

71 (27.4)

56 (39.2)

0 (0.0)

15 (41.7)

76 (29.3)

62 (43.4)

0 (0.0)

14 (38.9)

143 (56.9)
52 (20.1)
54 (20.9)
11 (5.5)
13 (5.0)

143 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

0 (0.0)
31 (38.8)
39 (48.8)
9 (11.3)
8 (10.0)

0 (0.0)
21 (58.3)
15 (41.7)
2 (5.6)
5 (13.9)

$
All women with a positive NAAT result were included. o All women with a positive MOMP ELISA test,
excluding women with a positive NAAT, were included. * Numbers do not add up to 100%, i.e., women could
have multiple sequelae. IQR = interquartile range. PID = pelvic inflammatory disease, CPP = chronic pelvic
pain, EP = ectopic pregnancy, TFI = tubal factor infertility, MOMP = major outer membrane protein, ELISA
= enzyme-linked immunosorbent assays.

Whole-Proteome Microarray
Whole-proteome microarrays representing the entire proteome of Ct serovar D with 895 proteins
were generated as previously described by Hufnagel et al. 2018 [19]. In order to generate Ct
whole-proteome arrays, two successive PCRs were performed for all open reading frames (ORFs)
based on Ct genomic DNA. The products of the second PCR carrying all sequences necessary
for transcription and translation (T7 Promoter, untranslated region, ribosome binding site, start
codon, T7 Terminator), fusion peptide tags (N-terminal 6x-His and C-terminal V5 tags) were directly
(without purification) used as the expression constructs for cell-free expression.
Protein microarrays expressing in situ the entire Ct proteome were generated using Multiple Spotting
Technique [22]. During the first spotting step, the products of the second PCR were transferred
onto Ni-NTA slides using a Nanoplotter 2 (GeSIM, Radeberg, Germany). Subsequently, the S30
T7 High-Yield Protein Expression Kit (Promega, Madison, WI, USA) was transferred directly on
top of the expression construct spots. The slides were then incubated overnight in a humidified
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environment and proteins were expressed directly on the microarray slide and immobilized to
the nickel surface.
Success of protein expression on the microarray was determined by incubation with fluorescenceconjugated antibodies directed against the N- and C-terminal fusion tags (Anti-6xHis, DyLight 650
(Abcam, Cambridge, UK) and anti-V5, Cy3 conjugate (Sigma-Aldrich, St. Louis, Missouri, USA)).
The slides were scanned on a Power Scanner (Tecan, Männedorf, Switzerland) at 532 nm and
635 nm excitation wavelengths, respectively, and analyzed using the microarray acquisition and
analysis software GenePix Pro 6.0 (Molecular Devices, Sunnyvale, CA, USA). Signal intensities
were measured as median fluorescence intensity (MFI) signal of all pixels measured for one
protein. In addition to the 895 CT proteins, we included the Epstein–Barr virus (EBV) viral capsid
antigen p18 (VCA) as a positive control. An EBV seroprevalence of around 95% in adults ensures
a positive signal during proteome immunoassays (PIAs) even for Ct seronegative samples in the
vast majority of cases. As a negative control (n.c.), both successive PCRs were performed without
DNA template and the product of the second PCR was spotted as template for on-chip protein
expression in one row of 20 replicates at the bottom of each slide. A protein was considered to
be expressed if its signal intensity generated by the labeled antibodies to either the 6xHis or the
V5 tag was higher than the mean plus five standard deviations of all n.c. replicates.
PIAs were performed by incubating serum samples in pools of five. These pools of five sera of
6 µl each were generated based on long-term complications and if possible on different age
categories of participants. In total, we had 53 pools either Ct positive with sequelae (separately
for PID, CPP, ectopic pregnancy or TFI) or Ct negative with sequelae (Supplementary Figure
S1). Because of the large sample, CT positive women without sequelae were pooled in different
age categories i.e., < 30, 30–32, 33–35, and >35 years. Of 53 pools, 48 were included in the
PIA because of batch size. Five pools of controls were randomly excluded. Binding of a serum
antibody to an antigen on the microarray was detected by a secondary fluorescence-conjugated
antibody (Alexa Fluor 647-conjugated goat anti-human IgA, IgG, IgM; Jackson Immuno Research,
West grove, PA, USA). The microarrays were scanned at an excitation wavelength of 635 nm.
The signal intensity obtained for a given antigen was considered proportional to the amount of
primary antibody bound on the microarray.
Quality (QC) control of PIAs was performed by assessing the scanned images of each slide,
and representing each PIA as a plot in which the acquired MFI data is visualized according to
its position on the slide.
This allows for the recognition of technical artefacts on the individual slides, such as gradient
effects of the background or MFI signals. Whole-proteome slides were excluded if they met one
of the following criteria:
(i)
gradient effects (e.g., loss of reactivity from top to bottom of a slide);
(ii)
smearing of spots (due to e.g., insufficient washing);
(iii)
disproportional high readouts for all negative controls (leading to the detection of
false negative readouts of antigens).
As QC procedures were qualitative in nature, they were performed independently by two scientists
(KH and CH).
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Only five of these pools were identified as truly negative on the Ct whole-proteome microarray.
The serum samples were nevertheless included, since they were all collected from women with Ct
Based on the results of the 42 remaining whole-proteome arrays (Figure 2), we selected the 121
103
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most reactive and thus potentially informative antigens. No differences were seen between the
different pools. The 121 most reactive antigens represent 13.5% of the complete Ct proteome.
Fourteen of the 121 antigens showed N-terminal but no C-terminal expression signals on wholeproteome arrays. Although no C-terminal expression signal was detected, these 14 antigens
were nevertheless recognized by serum antibodies of Ct-infected individuals at least once. A list
of the 120 most reactive Ct antigens and their corresponding threshold-fold values can be found
in Supplementary Table S1. CT_798 is not included in the table since it was not identified as a
reactive antigen in this study but was added due to previous findings.

6

Figure 1. Proteome immunoassays (PIA) using pools of five sera. In total, 895 Ct proteins were spotted
on one array. Negative and positive controls are highlighted with yellow and blue boxes, respectively. (a):
Expression control using fluorescence-conjugated antibodies against the terminal tags of the Ct proteins
(green signal: anti-V5 antibody; red signal: anti-His antibody; yellow signal: overlay of both signals). (b): No
signal was obtained with a pool of five sera from Ct-uninfected women for any of the Ct antigens but showed
reactivities with all four positive controls. (c,d): Results of two PIAs with pools of five sera from women
infected with Ct.
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Figure 2. Result of two PIAs using pools of five sera from Ct-infected patients with (a) EP and (b) PID.
Pictures on the left show scanned images of microarray slides after performing PIAs. Red and white spots
indicate reactivities of the incubated serum pool with the antigen expressed on this position of the slide.
The graphs on the right side illustrate signal intensity by Foldchanges of each antigen. Antigens are plotted
onto the x-axis based on their position on the microarray slide. The threshold is illustrated by a straight black
line in the graph. Individual Ct proteins with elevated reactivity are labeled with individual Ct ORF numbers.
The Epstein–Barr virus viral capsid antigen was spotted as a positive control (p.c., blue) in all four corners.
Negative controls (n.c., green) were spotted in the last row of each slide. An antigen was considered to be
immunogenic if its signal was higher than the defined threshold (indicated by the black line y = 1).

Single Sera Outcomes
Of 259 selected serum samples, 248 single samples were tested and following quality control, 16
were excluded, (Figure 3). No significant differences in characteristics were found between the
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and the
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Typical
results and corresponding
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results
and corresponding
data analysis are
data analysis are shown in Figure 4.
shown in Figure 4.
259 samples selected
Excluded n = 11
- 11 samples were randomly excluded to
fit all samples in one array batch (to
avoid batch to batch variation)
248 samples analysed

232 samples included

Excluded n = 16
Samples were excluded after quality
control, based on: gradient effects (2),
gradient effects and extensive smearing
(2), extensive smearing (2), high
reactivities with negative controls and
extensive smearing(2), high reactivities
with negative controls (8).

Figure 3. Flowchart of the included samples.

Figure 3. Flowchart of the included samples.
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positive
tested sera65.9%
showed
reactivity
with at
least one
antigen.with
Lowest
reactivities
were observed
among group
controls)
of all
tested sera
showed
reactivity
at least
one antigen.
Lowest reactivities
were
amongwith
group
2 (Ct negative
women
complications)
whicha was
48.5%,
p = of
2 (Ctobserved
negative women
complications)
which
waswith
48.5%,
p = 0.008. Using
stricter
definition
0.008.
Using
a
stricter
definition
of
seropositive
(i.e.,
at
least
positive
against
two,
three
or
seropositive (i.e., at least positive against two, three or five antigens) showed similar patterns five
though
antigens) showed similar patterns though with lower percentage of reactive sera and no significant
with lower percentage of reactive sera and no significant difference between the three groups. Among
difference between the three groups. Among serum samples from women that were previously
serum samples
frompositive,
women that
wereshowed
previously
tested with
as Ct-NAAT
81.3% showed
tested
as Ct-NAAT
81.3%
reactivity
antigenspositive,
on the microarray.
Thisreactivity
was
with antigens
the microarray.
This was
ELISApositives
positivesonly,
and p55.7%
among
78.2%
among on
MOMP
ELISA positives
and 78.2%
55.7% among
amongMOMP
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Figure 4. Results obtained after performing immunoassays with single serum samples on minimized arrays
containing 121 identified Ct antigens. a: scanned images of immunoassays with 8 single sera from Ctinfected women and layout of each of the eight blocks. Red and white spots indicate reactivities of the
incubated serum sample with the antigen expressed on this position of the slide. b: data analysis for the two
topmost blocks in panel a. The graphs illustrate signal intensity by Foldchanges of each antigen. Antigens
are plotted onto the x-axis based on their position on the microarray slide. The threshold is illustrated by a
straight black line in the graph. Individual Ct proteins with elevated reactivity are labeled with individual Ct
ORF numbers. The Epstein–Barr Virus Viral Capsid Antigen was spotted as a positive control (p.c., blue)
in all four corners. Negative controls (n.c., green) were spotted throughout each block. An antigen was
considered to be immunogenic if its signal was higher than the defined threshold (indicated by the black
line y = 1).
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Figure 5. Percentage positive by minimized array between Ct positive without complications, Ct negative
with complications and Ct positive with complications. * = a significant difference (p < 0.05) in percentage
positive.
Table 2. Percentage positive serum samples by different subgroups.
No. of Positive Top Three Antigens with Highest
Positive Serum Samples
Antigens
Seroprevalence (≥40%)
N (%, 95%CI)
Median (IQR) %
Controls—Ct
positive

87 (65.9, 57.2–73.9)

5 (2–15)

CT_858 (58.6), CT_813 (58.6),
CT_142 (50.6),

Cases—Ct negative
PID positive
CPP positive
EP positive

33 (48.5, 36.2–61.0)
28 (57.1, 37.2–75.5)
13 (43.3, 25.5–62.6)
2 (22.2, 2.8–60.0)

4 (2–7)
3.5 (2–6)
5 (1–6)
10.5 (7–14)

NA
CT_123 (50.0), CT_142 (50.0),
CT_664 (50.0), CT_858 (50.0),
CT_104 (50.0), CT_813 (50.0)

TFI positive

4 (66.7, 22.3–95.7)

7 (2–14)

Cases—Ct positive

25 (78.1, 60.0–90.7)

3 (1–9)

PID positive

15 (83.3, 58.6–96.4)

2 (1–9)

CPP positive

11 (78.6, 49.2–95.3)

6 (1–11)

EP positive
TFI positive

1 (50.0, 1.25–98.7)
5 (100.0)

1
6 (2–9)

6

CT_142 (56.0), CT_858 (52.0),
CT_813 (44.0)
CT_858 (53.3), CT_142 (40.0),
CT_813 (40.0),
CT_142 (54.5), CT_841 (45.5),
CT_858 (45.5), CT_813 (45.5)
NA
CT_142 (100.0) *, CT_858 (60.0) *

Controls—Ct positive = tested positive for Ct by NAAT, self-reported positive test or tested positive in
Medac Momp assay but without any complication. Cases—Ct negatives = never tested positive for Ct by
NAAT, no self-reported infections and negative for Ct antibodies by Medac Momp assay but with any of the
complications (i.e., PID, CPP, EP or TFI). Ct positives = tested positive for Ct by NAAT, self-reported positive
test or tested positive in Medac Momp assay but with any of the complications. PID = pelvic inflammatory
disease, CPP = chronic pelvic pain, EP = ectopic pregnancy, and TFI = tubal factor infertility. IQR =
interquartile range. * = only the first two highest percentages were described. NA = not applicable (sample
size too small).
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To discriminate between serum samples positive for at least one antigen and serum samples
negative for all antigens, we created a panel of in total 18 antigens which can identify 96% of all
serum samples positive for at least one antigen, Figure 6.

Figure 6. Panel of 18 antigens to identify 96% of all positive serum samples in the cohort.

The fifty most reactive antigens are shown in Table 3. CT_858 (CPAF) and CT_813 were most
reactive and positive in 51% and 49% among serum samples positive for at least 1 antigen,
respectively. Antigen CT_142 was reactive in 44% of the positive samples. Besides CPAF other
known immunogenic antigens such as pGP3, CT_681 (MOMP), CT_456 (TARP), and CT_110
(Hsp60) were also among the fifty most reactive antigens.
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2. Exploration of Ct antigens related to sequelae
Of eleven TFI cases, nine (81.2%) were positive for antibodies against at least one antigen, most
frequently CT_142 and CT_858 (Table 2). Thirty out of forty-six PID cases were positive against
at least one antigen (67.4%), which was most often CT_858. Among CPP and EP cases, 54.5%
and only 27.3% were positive for at least one antigen, respectively.
Table 4 shows the presence of antibodies against antigens that were significantly different between
cases (i.e., PID or CPP positive) and controls (Ct positive without any complication). The presence
of antibodies against CT_813 and CT_142 was less common among women with PID compared
to women without PID. In CPP positive women, the presence of antibodies against CT_858 was
less common compared to women without CPP. No significant differences in the presence of
specific antibodies were found between TFI or EP cases compared to controls.
Table 4. The presence of specific antigens in controls and cases with pelvic inflammatory disease and
chronic pelvic pain.
Control n (%) Case n (%)

p-value

PID

Control n (%) Case n (%)

p-value

CPP
Antigen
CT_813
CT_142

PID negative
51 (58.6)
44 (50.6)

PID positive
9 (29.0)
8 (25.8)

0.005
0.017

Antigen
CT_858

CPP negative
51 (58.6)

CPP positive
8 (33.3)
0.028

PID = pelvic inflammatory disease, CPP = chronic pelvic pain. Control = Ct positive without any complication.
Case = is either Ct positive of negative (in NECCST) but with PID or CPP.

Discussion
Using Ct whole-proteome microarrays and minimized arrays, we aimed to identify informative
antigens to distinguish between Ct infected and non-infected women and to identify antigens
associated with Ct-associated disease outcomes. To this end, we analyzed 232 samples from the
NECCST study, a cohort study which follows women of reproductive age to assess Ct disease
progression. We found 145 (63%) serum samples to be positive for at least one antigen in the
minimized array. The antigens CT_858, CT_813 and CT_142 were most reactive in our sample
of women. Among PID positive women, fewer serum samples were positive for the antigens
CT_142 and CT_813 compared to women without PID. In CPP positive women, CT_858 was less
common compared to controls.
In the Ct whole-proteome arrays, 860 out of all 895 Ct proteins were successfully expressed. Of
all expressed Ct proteins, 121 antigens were selected for the minimized array based on analysis
of pools of sera. Using minimized arrays that included the 121 selected antigens, 232 single
serum samples were tested. Overall, 63% of sera were positive for at least one of these 121
antigens. In sera from women who previously tested positive for Ct by NAAT, 81% were positive
for at least one antigen. Considering that women were Ct NAAT positive between 2008 and 2011,
that antibodies can wane over time, and given not every infected woman seroconverts [12,23],
this is a high agreement. This agreement is higher than other published serological assays which
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utilize only one or few Ct antigens for serodiagnosis of Ct infections. In a study in which five Ct
antibody assays with different target antigens were compared, seropositivity was only between
38% and 68% after a median of three years and a minimum of six months after infection [24]. On
the other hand agreement with Ct NAAT negatives was only 51.5%, because 48.5% of previously
Ct-NAAT negatives were reactive for at least one antigen in the minimized array. This is difficult to
interpret. Although NAAT tests are very sensitive and specific, the test can only measure current
infections and does not rule out past infections [3]. In addition, samples from these women were
tested with the Medac MOMP ELISA, but this assay only detects about 40% of past infections
[25–27]. Furthermore, these Ct-NAAT negative tested women, were all women with CPP, PID,
ectopic pregnancy or TFI, complications which could relate to Ct infections and thereby possible
exposed to past Ct infection. Nevertheless, it is unlikely that all these 48.5% microarray positives
are true positives. For further research this array has to be tested in a population with true or
reliable Ct negatives, for example in blood samples from infants or children or nuns.
In our cohort, CT_858 and CT_813 were identified as the most reactive antigens and showed
reactivities with 51% and 49% of all Ct seropositive sera, respectively. While CT_858 alone would
react only with 51% of all Ct seropositive samples, a combination of CT_813 and CT_858 would
result in a 65% detection rate. Furthermore, a panel of CT_858, CT_813, CT_142 and CT_104 would
be able to identify 78% of all seropositive samples. This means, we observe a higher coverage
with more antigens and the coverage rate cumulatively increases with number of antigens due to
different reactivity patterns of individual samples. Therefore, we suggest a panel of 18 antigens
to identify 96% of all Ct seropositive sera. Each of the six serum samples not reacting with any of
the 18 antigens shown in Figure 6 showed only extremely weak reactivities with a single additional
antigen. These reactivities might be unspecific signals. However, it cannot be excluded that these
sera are true Ct seropositive samples and we miss them with our panel of 18 antigens. An ideal
platform for such a serological assay would be high-throughput bead-based multiplex serology.
For the bacterium Helicobacter pylori a panel of 17 antigens is already widely used to detect
differential antibody responses [28].
CT_858 is a serine protease known as chlamydial proteasome/protease-like activity factor (CPAF)
which is secreted from the chlamydial intracellular inclusion into the host cell cytoplasm [29].
The role of CPAF as a virulence factor that degrades host proteins is currently widely discussed
[30,31]. As a secreted virulence factor that is expressed during Ct infection, CPAF is likely a target
for host antibodies and was therefore already used in published serological assays [32,33]. The
hypothetical protein CT_813 was identified as an antigen to determine general Ct infections and
was described by Chen et al. to be located within the Ct inclusion membrane. They were able to
detect the protein 12 h after chlamydial infection. In addition, it was shown that CT_813 is present
in the inclusion membrane during the entire growth cycle and an interaction of this protein with host
cells was described [34]. CT_813 is expressed in many Ct serovars but not in other chlamydial
species, which makes it a promising candidate to specifically detect Ct infections without any
cross-reactivity to other species. Another promising antigen identified during this study to detect
general Ct infections is the hypothetical protein CT_142. So far, and to the best of our knowledge,
nothing is published about its function and role in the Ct infection cycle. Previously, CT_813 and
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CT_142 were validated as general infection markers in a large seroepidemiological study using
multiplex serology [19]. Among women positive for at least one antigen in our study, antibodies
against antigens CT_813 and CT_142 were less common among PID cases compared to women
without PID. This might indicate an effective immune response that may render a protective effect
against PID. Among CPP cases, CT_858 was less common compared to women without CPP.
More research is needed to gain insight in the functions and roles of CT_813, CT_142 and CT_858
in Ct-associated disease. Disease specific antigens for EP or TFI were not found.
Besides the identification of novel immunogenic antigens we were able to confirm known
immunogenic antigens as infection markers, like the major outer membrane protein (CT_681),
the plasmid encoded protein pGP3, and Hsp60 (CT_110) all of which are already used in both
commercial and non-commercial serological assays to detect Ct serum antibodies [9,12] The
most reactive antigens (CT_858, CT_813, CT_142, CT_841, CT_795, CT_123, pGP3) which reacted
with more than 25% of all tested sera, were also identified as highly immunogenic antigens when
analyzing serum samples from the Mongolian population based cross-sectional HPV prevalence
study on Ct whole-proteome microarrays [19]. The identification of the same set of most reactive
antigens in two independent studies indicates that these antigens are promising markers to
detect general Ct infections.
In total 63% of all tested sera reacted at least with one Ct antigen on the microarrays. The humoral
immune system of these Ct infected women recognizes and responds to different Ct antigens
by eliciting a variety of antibodies. The remaining 38% (n = 87) of the tested serum samples did
not result in significant signals, although 52 (60%) of these were from women previously tested
positive for Ct (either self-report or study NAAT) or ELISA assay. The immune system of these
individuals did not produce antibodies against Ct antigens included in our assay. However, these
women showed a specific reactivity with the positive control (EBV VCA) as illustrated in Figure
4. We observed an EBV seroprevalence of >90% in minimized arrays both for Ct-infected as
well as Ct-uninfected sera, which corresponds well to the expected seroprevalence in adults of
around 95%.
Limitations
The major outer membrane protein MOMP (CT_681) reacted only with 20 analyzed serum samples
in this study. Since this antigen is used in many commercially available assays, we expected to
detect reactivities to this particular antigen more often. However, these assays often utilize linear
peptides that might, in this case, be a better target for serum antibodies. If the full length MOMP on
the microarray is incorrectly folded, the epitope might not be accessible to the serum antibodies.
Incorrect protein folding or aggregation might result in false negative signals and therefore some
immunogenic antigens might not be detectable on the microarray. However, since we were able
to detect high signals for antigens such as CT_858, CT_813 and CT_142 this may be a limitation
for some but not for all antigens.
Second, we had a small sample size to identify disease specific antigens, especially for EP
and TFI which consisted of only three and nine seropositive serum samples, respectively. This
limitation makes it impossible to come to definitive conclusions about associations between

120

Chlamydia trachomatis whole proteome microarray analysis

specific antigens and these Ct outcomes.
The third limitation is the possibility of antibody cross-reactivity. In order to investigate crossreactivities of the identified antigens with antibodies to antigens of the closely related organism
Chlamydophila pneumoniae (Cp), homologies to Cp proteins were analyzed using the NCBI
protein blast tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins). The hypothetical
protein CT_142 showed an identity of 35% to a hypothetical protein of Cp while CT_858 showed
48% sequence identity to CPAF of Cp. Therefore, cross-reactivities cannot be excluded for
these antigens, although substantial cross-reactivity usually requires a higher degree of amino
acid relatedness. However, CT_813 showed no homologies to any protein of Cp. Therefore,
cross-reactivity for CT_813 with antibodies against Cp antigens is unlikely. Nevertheless, these
proteins should be validated in a cohort with serum samples that are truly seronegative for Ct and
positive for any of the other chlamydial species to test possible cross-reactivity. In addition, highly
immunogenic proteins of closely related species, like the major outer membrane protein of Cp,
should be included in whole-proteome and minimized arrays to test for possible cross-reactivities.

Conclusion
Using a whole-proteome array to select antigens for minimized arrays allows for the identification
of novel and potentially promising antigens to distinguish between Ct negative and Ct positive
women. In our minimized Ct array containing 121 antigens, seropositivity was 81% in women
previously tested Ct NAAT positive. A panel of 18 antigens of these 121 antigens can identify
96% of all microarray seropositive samples in this cohort. Antigens CT_858, CT_813 and CT_142
were most reactive and might be of value for future Ct antibody assays.
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Serum pools

CT positive without
complications

CSI-NAAT+

CT-MOMP +

Age <30
(n=3)

Age <30
(n=1)

Age 30-32
(n=1)

Women with complications

Self-reported
positive or
MOMP+

CT positive

CT negative

Age <30
(n=5)

PID
(n=4)

PID
(n=6)

Age 30-32
(n=1)

Age 30-32
(n=4)

CPP
(n=2)

CPP
(n=7)

Age 33-35
(n=1)

Age 33-35
(n=2)

Age 33-35
(n=6)

EP
(n=0)

EP
(n=2)

Age ≥36
(n=0)

Age ≥36
(n=2)

Age ≥36
(n=3)

TFI
(n=1)

TFI
(n=2)

Figure 1 Composition of serum pools; CT = Chlamydia trachomatis, NAAT = Nucleic Acid Amplification Test, MOMP = Major Outer
Supplementary
Figure
1 Composition
of serum
= pain,
Chlamydia
trachomatis,
NAAT
= factor
Nucleic
Acid
Membrane
Protein, PID
= Pelvic
Inflammatory Disease,
CPP =pools;
chronicCT
pelvic
EP = ectopic
pregnancy, TFI
= tubal
infertility.

Amplification Test, MOMP = Major Outer Membrane Protein, PID = Pelvic Inflammatory Disease, CPP =
chronic pelvic pain, EP = ectopic pregnancy, TFI = tubal factor infertility.
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Supplementary Methods 1: Calculation and comparison of three different threshold criteria
For analysis of the proteome immunoassays, the acquired .gpr-files of all performed immunoassays
were imported to R and different threshold criteria were calculated which are the following: the
former used global threshold (Hufnagel et al., 2018) which considers a signal as significant if a
MFI of a spot meets the following criterion:
(1) MFIspot > MFIsn.c. + 5 σMFIsn.c.
A second more robust global threshold criterion which utilizes the median (MED) and median
absolute deviation (MAD):
(2) MFIspot > MED(MFIn.c.) + 5 MAD(MFIn.c.)
And a third approach in which seropositivity was determined by neighborhood averaging, i.e.
by calculating a specific threshold for each spot position in order to address local variation of
the signal intensity across the array. The threshold criterion takes the relative distances of the
spots into account, so that for the calculation of one spot’s threshold the MFI values of the 50
closest spots are considered, not distinguishing between negative controls and protein spots
but excluding positive controls.
(3) MFIspot > MED(MFI50 closest spots) + 3 MAD(MFI50 closest spots)
An antigen is selected if it shows a given threshold-fold on any of the analyzed slides. The antigens
were sorted by their maximal observed threshold-fold value and the top 120 antigens of that list
are chosen for further analysis. Thereby, the applied threshold-fold criterion for seropositivity is
set by the technical restrictions of the single sera analysis. Concerning this selection procedure,
the global application of a threshold which is calculated from negative controls located on just
one end of the slide might result in a biased selection. Therefore, antigens which are located
in an area which possess high intensity signals will be overrepresented in the above described
selection list. In order to adjust for this issue individual thresholds were calculated for each spot
by neighborhood averaging.
For each spot an individual threshold was calculated according to equation (3), whereas positive
controls were excluded from the calculations. The effect of the neighborhood averaging method
on threshold-fold data is shown in Figure 1.
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Figure 1: Effects of neighborhood averaging on local signal in-varieties. All MFI-values are foldchange
transformed after equation 2 (A) utilizing the median and mad of the negative controls and equation 3
which describes the neighborhood averaging (B) and plotted against the position on the slide (row-wise).
Reactive antigens were labeled when they exceeded the fold-change of 1.7 which was chosen for illustration
concerns of the plot.

In Figure 1 A, the threshold-fold data calculated by the traditional method shows a gradient from
the top to the bottom of the slide. After applying neighborhood averaging to the data (Figure 1 B),
the horizontal gradient disappeared. Selection lists were created using the global threshold and
the spot individual neighborhood averaging method (see Supplementary Table 1). Both antigen
lists were sorted by the maximal observed threshold-fold. The overlap between both lists was
calculated and hits 51.67% at a list length of 120. The comparison of the selection list gained
by applying a global threshold and by using the neighborhood method revealed that antigens
with high reactivities are shared by both lists. The major differences lie within the lower ends of
the lists which comprise reactivities that are slightly above threshold. Based on the knowledge
of the presence of local signal in-varieties, the list generated from the neighborhood averaging
was chosen to be used when selecting the 120 antigens based on serum pool incubations on
whole-proteome microarrays.
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Supplementary Table 1: The 120 most reactive antigens
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Global Threshold
Antigen
max
CT_813
7.282
CT_463
6.362
CT_242
4.830
CT_123
3.889
CT_456
3.253
CT_183
2.850
CT_442
2.552
CT_868
2.419
pGP3
2.377
CT_732
2.369
CT_858
2.363
CT_759
2.181
CT_618
2.157
CT_555
2.071
CT_040
2.039
CT_746
2.003
CT_117
1.987
CT_467
1.975
CT_027
1.927
CT_822
1.920
CT_116
1.914
CT_218
1.908
CT_147
1.901
CT_229
1.895
CT_639
1.818
CT_249
1.807
CT_001
1.806
CT_115
1.776
CT_346
1.695
CT_579
1.659
CT_584
1.656
CT_795
1.652
CT_307
1.631
CT_703
1.596
CT_541
1.579
CT_181
1.570
CT_228
1.562
CT_381
1.557
CT_814
1.556
CT_048
1.543
CT_313
1.539
CT_741
1.523
CT_372
1.523
CT_414
1.518

mean
1.401
1.053
1.004
0.626
0.735
0.647
0.691
0.664
0.486
0.648
0.662
0.684
0.603
0.498
0.485
0.492
0.467
0.655
0.675
0.464
0.618
0.586
0.481
0.622
0.451
0.640
0.509
0.567
0.424
0.586
0.572
0.593
0.537
0.519
0.475
0.581
0.320
0.592
0.588
0.419
0.453
0.611
0.409
0.626

sd
1.469
1.202
0.943
0.902
0.671
0.444
0.498
0.480
0.452
0.509
0.464
0.474
0.369
0.316
0.312
0.371
0.366
0.457
0.417
0.336
0.349
0.408
0.365
0.391
0.330
0.369
0.322
0.353
0.284
0.317
0.379
0.276
0.284
0.292
0.314
0.333
0.276
0.314
0.286
0.301
0.282
0.297
0.260
0.281

Neighborhood Averaging
ID
max
mean
CT_813
11.096
2.114
CT_463
8.670
1.723
CT_242
8.488
1.371
CT_123
7.437
1.001
CT_336
6.547
0.953
CT_326
6.110
1.008
CT_351
5.851
0.936
CT_082
5.591
0.981
CT_856
4.979
0.885
CT_456
4.691
1.144
pGP3
4.375
0.726
CT_732
4.272
0.873
CT_057
4.008
0.828
CT_744
3.850
0.844
CT_414
3.826
0.925
CT_778
3.745
0.753
CT_027
3.730
1.111
CT_555
3.673
0.838
CT_183
3.668
1.053
CT_166
3.540
0.850
CT_147
3.447
0.661
CT_618
3.288
0.960
CT_105
3.192
0.749
CT_467
3.184
1.098
CT_858
3.107
0.972
CT_116
3.088
0.858
CT_825
3.073
0.777
CT_381
3.044
0.862
CT_751
2.912
0.674
CT_333
2.865
0.668
CT_759
2.854
0.927
CT_720
2.824
0.787
CT_019
2.794
0.575
CT_372
2.774
0.660
CT_681
2.723
0.970
CT_708
2.695
0.700
CT_639
2.675
0.725
CT_866
2.665
0.711
CT_458
2.635
0.685
CT_796
2.634
0.884
CT_746
2.609
0.778
CT_529
2.587
1.019
CT_205
2.535
0.841
CT_442
2.517
0.937

sd
2.091
1.761
1.482
1.670
0.958
0.889
0.828
0.830
0.681
1.015
0.672
0.742
0.579
0.665
0.628
0.534
0.611
0.656
0.677
0.528
0.574
0.484
0.429
0.697
0.563
0.434
0.564
0.430
0.397
0.414
0.560
0.403
0.501
0.377
0.357
0.391
0.597
0.364
0.354
0.384
0.430
0.572
0.365
0.491
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Rank
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
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Global Threshold
Antigen
max
CT_388
1.517
CT_681
1.515
CT_232
1.495
CT_567
1.490
CT_802
1.485
CT_526
1.482
CT_691
1.480
CT_110
1.475
CT_659
1.473
CT_853
1.466
CT_300
1.465
CT_009
1.460
CT_081
1.453
CT_353
1.447
CT_601
1.438
CT_830
1.418
CT_844
1.413
CT_482
1.408
CT_330
1.408
CT_186
1.403
CT_067
1.399
CT_398
1.385
CT_159
1.380
CT_597
1.376
CT_458
1.370
CT_751
1.369
CT_602
1.363
CT_569
1.361
CT_503
1.361
CT_325
1.360
CT_756
1.359
CT_789
1.358
CT_657
1.355
CT_143
1.352
CT_587
1.333
CT_538
1.321
CT_129
1.320
CT_118
1.318
CT_603
1.314
CT_480
1.307
CT_421
1.306
CT_772
1.300
CT_444
1.299
CT_173
1.286
CT_724
1.279

mean
0.554
0.585
0.420
0.578
0.510
0.428
0.411
0.465
0.443
0.524
0.519
0.444
0.579
0.526
0.476
0.500
0.454
0.570
0.465
0.396
0.425
0.511
0.495
0.530
0.537
0.411
0.488
0.544
0.416
0.411
0.384
0.598
0.394
0.553
0.397
0.418
0.474
0.629
0.480
0.432
0.502
0.386
0.403
0.537
0.540

sd
0.313
0.276
0.291
0.292
0.277
0.273
0.282
0.251
0.273
0.290
0.280
0.261
0.270
0.286
0.325
0.265
0.331
0.299
0.309
0.264
0.229
0.285
0.266
0.259
0.269
0.269
0.272
0.259
0.258
0.273
0.268
0.274
0.276
0.313
0.273
0.245
0.261
0.320
0.281
0.242
0.258
0.280
0.267
0.253
0.255

Neighborhood Averaging
ID
max
mean
CT_579
2.517
0.790
CT_587
2.442
0.604
CT_664
2.435
0.687
CT_418
2.400
0.793
CT_857
2.374
0.836
CT_231
2.314
0.761
CT_040
2.302
0.753
CT_249
2.253
0.860
CT_868
2.250
0.965
CT_802
2.244
0.666
CT_398
2.238
0.762
CT_096
2.237
0.571
CT_762
2.226
0.714
CT_218
2.211
0.934
CT_682
2.203
0.769
CT_118
2.180
0.944
CT_532
2.167
0.658
CT_111
2.164
0.618
CT_741
2.136
0.823
CT_346
2.135
0.661
CT_872
2.113
0.694
CT_822
2.030
0.701
CT_603
2.016
0.663
CT_229
1.955
0.826
CT_601
1.954
0.641
CT_190
1.951
0.748
CT_701
1.940
0.770
CT_313
1.936
0.712
CT_110
1.894
0.689
CT_841
1.821
0.796
CT_226
1.802
0.808
CT_224
1.799
0.686
CT_706
1.710
0.619
CT_260
1.675
0.643
CT_545
1.662
0.694
CT_541
1.661
0.614
CT_842
1.640
0.746
CT_143
1.636
0.814
CT_228
1.629
0.441
CT_799
1.601
0.670
CT_795
1.601
0.800
CT_480
1.586
0.595
CT_331
1.571
0.708
CT_547
1.570
0.746
CT_273
1.534
0.506

sd
0.416
0.383
0.368
0.304
0.339
0.357
0.350
0.434
0.464
0.294
0.386
0.416
0.339
0.415
0.364
0.417
0.320
0.295
0.270
0.282
0.310
0.324
0.373
0.463
0.369
0.309
0.299
0.253
0.257
0.270
0.231
0.220
0.260
0.245
0.274
0.358
0.243
0.303
0.286
0.227
0.283
0.254
0.219
0.280
0.250
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Rank
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

Global Threshold
Antigen
max
CT_829
1.273
CT_532
1.271
CT_449
1.269
CT_568
1.265
CT_433
1.265
CT_342
1.261
CT_231
1.258
CT_457
1.257
CT_529
1.257
CT_446
1.256
CT_832
1.254
CT_080
1.250
CT_841
1.244
CT_357
1.243
CT_281
1.240
CT_847
1.235
CT_539
1.234
CT_528
1.234
CT_797
1.234
CT_076
1.234
CT_440
1.232
CT_737
1.231
CT_481
1.228
CT_277
1.220
CT_212
1.216
CT_192
1.213
CT_612
1.211
CT_873
1.210
CT_563
1.209
CT_272
1.209
CT_172
1.208

mean
0.436
0.517
0.558
0.435
0.431
0.505
0.488
0.477
0.574
0.554
0.427
0.432
0.530
0.398
0.470
0.459
0.420
0.519
0.423
0.480
0.480
0.384
0.484
0.384
0.481
0.390
0.460
0.465
0.542
0.449
0.512

sd
0.245
0.308
0.249
0.274
0.265
0.227
0.297
0.219
0.329
0.277
0.275
0.272
0.275
0.261
0.268
0.258
0.230
0.260
0.243
0.287
0.259
0.251
0.244
0.270
0.227
0.225
0.239
0.310
0.269
0.239
0.237

Neighborhood Averaging
ID
max
mean
CT_827
1.520
0.646
CT_117
1.506
0.604
CT_382
1.478
0.724
CT_703
1.459
0.765
CT_724
1.458
0.769
CT_446
1.438
0.718
CT_821
1.429
0.381
CT_089
1.421
0.396
CT_004
1.418
0.660
CT_307
1.404
0.797
CT_609
1.388
0.705
CT_292
1.371
0.588
CT_544
1.367
0.601
CT_022
1.358
0.658
CT_812
1.352
0.591
CT_115
1.336
0.712
CT_482
1.322
0.731
CT_325
1.317
0.528
CT_277
1.315
0.517
CT_341
1.308
0.642
CT_452
1.302
0.559
CT_871
1.302
0.603
CT_342
1.301
0.685
CT_678
1.284
0.664
CT_162
1.283
0.724
CT_121
1.280
0.632
CT_521
1.273
0.672
CT_388
1.268
0.686
CT_468
1.268
0.713
CT_172
1.256
0.699
CT_474
1.253
0.613

sd
0.256
0.308
0.230
0.230
0.177
0.199
0.254
0.260
0.213
0.217
0.198
0.203
0.221
0.154
0.304
0.239
0.188
0.247
0.259
0.173
0.264
0.179
0.173
0.166
0.188
0.225
0.178
0.213
0.167
0.168
0.218
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Max= maximum MFI value, mean = mean MFI value, SD = standard deviation, CT = Chlamydia trachomatis.
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Abstract
Objectives: A better understanding of Chlamydia trachomatis infection (chlamydia) -related
sequelae can provide a framework for effective chlamydia control strategies. The objective of
this study was to estimate risks and risk factors of pelvic inflammatory disease (PID), ectopic
pregnancy, and tubal factor infertility (TFI) with a follow-up time of up until 8 years in women
previously tested for chlamydia in the Chlamydia Screening Implementation study (CSI) and
participating in the Netherlands Chlamydia Cohort Study (NECCST).
Methods: Women who participated in the CSI (2008-2011, n=13,498), were invited in 2015-2016
for NECCST. Chlamydia positive was defined as a positive CSI-PCR test, positive chlamydia
serology and/or self-reported infection (time-dependent). Data on PID, ectopic pregnancy, and
TFI were collected by self-completed questionnaires. Incidence rates and hazards ratios were
compared between chlamydia positive and chlamydia negative women corrected for confounders.
Results: Of 5704 women included, 29.5% (95%CI 28.3-30.7) were chlamydia-positive. The
incidence rate of PID was 1.8 per 1000 person-years (py) (1.6-2.2) overall, 4.4 per 1000py (3.35.7) among chlamydia positives compared to 1.4 per 1000py (1.1-1.7) for chlamydia negatives.
For TFI this was 0.4 per 1000py (0.3-0.5) overall, 1.3 per 1000py (0.8-2.1) and 0.2 per 1000py
(0.1-0.4) among chlamydia positives and negatives, respectively. And for ectopic pregnancy this
was 0.6 per 1000py (0.5-0.8) overall, 0.8 per 1000py (0.4-1.5) and 0.6 per 1000py (0.4-0.8) for
chlamydia negatives. Among chlamydia-positive women, the strongest risk factor for PID was
symptomatic versus asymptomatic infection (aHR 2.88, 1.4-4.5) and for TFI age <20 versus >24
years at first infection (HR 4.35, 1.1-16.8).
Conclusion: We found a considerably higher risk for PID and TFI in chlamydia-positive women, but
the incidence for ectopic pregnancy was comparable between chlamydia positive and negative
women. Overall, the incidence rates of sequelae remained low.
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Background
Chlamydia trachomatis infection (chlamydia) prevalence has remained high with an estimated
annual number of infections of 130 million worldwide in 2012(1). Chlamydia disproportionately
affects women of reproductive age with a prevalence of 4.0% compared to 2.8% among men(1).
Studies indicate that 10-30% of women experience one or more chlamydia episodes(2, 3). With
up to 70% of infections being asymptomatic, many women are left untreated and are prone to
chlamydia-related sequelae(4) such as pelvic inflammatory disease (PID), ectopic pregnancy,
and tubal factor infertility (TFI)(5).
Proportions of PID following chlamydia were found between 3.0% to 30.0%(6-10), for ectopic
pregnancy between 0.2% to 2.7%(7, 9-11) and for TFI between 0.1 and 6.0%(6, 7, 12). Questions
remain concerning true risks of sequelae due to study limitations, such as small sample size
or limited follow-up time(13), unavoidable misclassification of chlamydia status as it is primarily
based on incident (NAAT) tests (9), or lack of information on potential confounders such as sexual
risk behaviour, demographic data, and lifestyle factors in cohort studies based on large medical
databases(10). These limitations need to be addressed to determine true risks of chlamydiarelated sequelae.
The only way to interrupt the course of a chlamydia infection is to test and treat women at risk for
chlamydia. However, there is no scientific evidence that screening decreases prevalence(2, 14,
15). It might be more effective to move towards targeted screening of women at highest risk for
developing sequelae since the clinical course of chlamydia differs greatly between individuals
and depends on pathogen factors, environmental factors, and host factors(9, 16-19). To study
chlamydia-related sequelae and risk factors, the Netherlands Chlamydia Cohort Study (NECCST)
was initiated in 2015. NECCST is an ongoing cohort study among Dutch women of reproductive
age and a follow-up study of the 2008-2011 Chlamydia Screening Implementation programme
(CSI) in which all women were tested for chlamydia(20). We estimated risks of PID, ectopic
pregnancy, and TFI up to eight years after chlamydia infection in women taking into account
sexual risk behaviour, demographics and lifestyle factors. To identify women with high risk for
sequelae, potential risk factors were evaluated.

Methods
Study design and participants
NECCST is a cohort of women of reproductive age to be followed until 2022. The design has
been described previously(20). Briefly, women between 16-29 years participated in 2008-2011
in the CSI(14). CSI participants were tested for chlamydia via PCR test ≥1 with a maximum of
four times in a four year period. In case of chlamydia positive PCR outcomes participants were
referred to the GP or STI clinic for treatment. CSI women were traced in municipal registers
and invited for participation in NECCST, Supplementary Figure S1. Participants provided online
informed consent to comply with study procedures for collection of questionnaires and biological
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samples. This study was approved by the Medical Ethical Committee Noord-Holland in Alkmaar,
the Netherlands (NL 51553.094.14/M014-042).
Procedures
In 2015-2016, women were invited and informed by regular mail and email. The first NECCST data
collection moment included an electronic questionnaire followed by a test kit for self-collection of
blood via a finger-prick for chlamydia IgG analyses as a marker for previous infection. The initial
NECCST-questionnaire retrospectively inquired about previous chlamydia infections, PID, ectopic
pregnancy, and TFI. Additionally, the NECCST-questionnaire addressed demographic factors,
sexual behaviour, other STIs, contraceptive use and health characteristics. For all events timing
in calendar year was asked. This was done to reconstruct a timeline for time-to-event analysis.
Subsequently, CSI data about chlamydia PCR results, self-reported chlamydia infections and age
of sexual debut acquired via the CSI-questionnaires were merged with NECCST data.
Chlamydia IgG antibodies were determined in self-collected capillary blood samples, collected
in tubes [BD Microtainer SST, USA] and returned to the laboratory via mail. Serum samples were
stored at -20˚C until thawed for ELISA assay with a sensitivity of 71% and specificity of 97%
(Medac CT IgG ELISA plus, Wedel, Germany)(21, 22).
Definitions and outcomes
Chlamydia positivity was defined as a positive PCR-test outcome in the CSI study (CSI-PCR+),
and/or the presence of chlamydia IgG in serum and/or a self-reported chlamydia infection. From
the year of first chlamydia infection onwards, a woman was classified as chlamydia-positive and
remained positive. If year of first infection was unknown, i.e. in women with a positive chlamydia
IgG result only, multiple imputations were done for the Cox model analyses using truncated
regression with 15 simulation datasets(23) to estimate time of first chlamydia infection following
sexual debut based on available data from women with a known year of first infection. Women
were classified as chlamydia-negative when they were CSI-PCR negative, had no chlamydia
antibodies, and did not report a previous infection.
The primary outcomes were PID, ectopic pregnancy, and TFI:
1. PID was defined as a self-reported episode of inflammation of the ovaries, uterus and/or
fallopian tubes, diagnosed by a medical professional. To obtain more information, women
were asked whether the diagnosis was based on reported symptoms, physical examination,
laboratory testing (either blood or vaginal swab examination), laparoscopy or whether this
was unknown to them. Furthermore, we asked if women had been admitted to the hospital
for the PID episode.
2. Ectopic pregnancy was defined as a self-reported extra uterine pregnancy. Women who
were/had been pregnant were asked if they had experienced an ectopic pregnancy, and if
so, the number and year of ectopic pregnancies.
3. TFI was defined as self-reported infertility caused by abnormalities of the tubes (possibly
combined with other causes of infertility), diagnosed by a medical professional. All women
who reported infertility were asked which fertility examinations had been conducted, i.e.
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chlamydia antibody testing (CAT), hysterosalpingography (HSG), contrast ultrasonography,
laparoscopy or ‘none of the above’. Although self-reported TFI was found a reliable measure
of TFI in the Netherlands (24) we validated a subset of self-reported TFI cases. Substantial
agreement (Kappa value 0.73) between self-reported TFI and medical registers was found
in the first NECCST-round.
Exposure time in time-to-event analyses was defined as the total number of person-years, starting
from when a woman became sexually active (or minimum age defined at 12 years for earlier
reports). Exposure time ended at last data collection point or when a specific outcome event
occurred.
Statistical analyses
Incidence rates (calculated as the number of new outcomes divided by total person-years at risk)
of primary study endpoints PID, ectopic pregnancy, and TFI were described.
The association between chlamydia status and each of the primary study endpoints was
retrospectively assessed through Kaplan-Meier curves and univariable and multivariable Cox
Proportional Hazards regression models. Risks were expressed in hazard ratios (HR). Chlamydia
status was included as a time-dependent variable. The following variables were considered potential
confounders and included in the model if there was a ≥10% change in the regression coefficient:
age (time-varying), gonorrhoea infection, migration background (Western vs non-Western, based on
parental country of birth), educational level low/middle versus high (i.e. low/medium: no education,
primary education only, lower general secondary education, and vocational education; high level:
all other education levels), lifetime sex partners, age of sexual debut, condom use with casual
partner, smoking behaviour, and Intrauterine Device (IUD) insertion. The proportional-hazard
assumption was checked using log-log plots and testing Schoenfeld residuals.
To be able to identify chlamydia-positive women with a high risk for sequelae risk factors for PID
and TFI were determined by Cox regression models. Included risk factors were demopgraphics,
sexual risk behaviour, contraceptive use, chlamydia infection variables, and serology (positive/
negative outcome). All variables were assessed via univariable analysis and those associated
(p<0.10) with the outcome were entered via backward stepwise selection into the multivariable
model.
To establish how closely risk factors were associated with the outcomes regardless of chlamydia
status, factors were univariably tested with each outcome.
Multiple imputations and analyses were performed in STATA (version 14; StataCorp, College
Station, TX, USA).
Sensitivity analyses
First, we repeated analyses without multiple imputations for women with an unknown year of
chlamydia-infection. Second, analyses were repeated including only women with CSI-PCRpositive test results, because CSI-PCR results have high sensitivity and specificity and no recall
bias. Third, repeated analyses for ectopic pregnancy and TFI were restricted to women who had
been pregnant at least once or who had ever tried to become pregnant. Fourth, due to residual
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uncertainties in PID diagnosis, we repeated analyses for PID including only hospitalised cases
and for PID cases that occurred later than year of first chlamydia infection. This was not indicated
for ectopic pregnancy and TFI since for both only one case occurred in the same year as the
first chlamydia-infection.

Results
Between November 2015-August 2016, 13,498/14,865 (91.9%) of eligible CSI women were able to
be retraced and invited for NECCST. 5,704 (42.3%) women were enrolled and completed the initial
questionnaire, Supplementary Figure S1. In total, 1,682 (29.5%, 95%CI 28.3-30.7) women were
ever chlamydia-positive and 4,022 (70.5%, 95%CI 0.69-0.72) had remained chlamydia-negative.
Chlamydia positivity was based on 1,469 (87.3%) self-reported infections, of which 341 (23.2%)
also tested PCR-positive during CSI, and 360 (24.5%) also tested positive for chlamydia IgG.
Chlamydia antibody testing was done in 3,670 (65%) women of whom 15.5% (95%CI 14.3-16.7)
was positive. The remaining chlamydia positives (n=213) only had a positive chlamydia IgG test
(n=208), were only PCR-positive in CSI (n=4) or were both chlamydia IgG- and PCR-positive
(n=1) but did not report this, Supplementary Figure S2. Multiple imputations to impute time for
first chlamydia were used for 226/1682 (13.4%) chlamydia-positive women. These women were
slightly older (31.6 vs. 30.8 years) and had less lifetime partners and more condom use compared
to chlamydia positives with known date of infection. Mean age at start of exposure time (sexual
debut) was 16.9 (SD 2.4) years and mean exposure time was 14.2 (SD 3.9) years. Total exposure
time was 86,610 person-years. Characteristics of study participants are presented in table 1.
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Table 1. Characteristics of the study population by chlamydia status at start of NECCST.

Age (years) mean (SD)
Chlamydia positivity in CSI-PCR n (%)
Gonorrhoea positivity n (%)
Migration background
Western
Non-Western
Unknown
Educational level$#
Low/Middle
High
Age at sexual debut mean (SD)
Lifetime sex partners
<6
6 – 12
> 12
Condom use with casual partners+
Never/not often
Sometimes
Always/mostly
No casual partners
Use of IUD
Never
At least once
Smoking
Never
Sometimes/in the past
Daily
Number of chlamydia tests
1
2
3
>3
Chlamydia symptomsΩ
No
Yes
Number of chlamydia infections‡
1
2
3 or more
Age at first chlamydia infection
<20
20-24
>24
Chlamydia IgG antibodies (serology)
No
Yes
Unknown

Overall
n (%)
5704 (100%)
31.1 (3.8)
908 (15.9)
112 (2.0)

Chlamydia-negative
n (%)
4022 (70.5%)
31.2 (3.8)
32 (0.8)

Chlamydia-positive
n (%)
1682 (29.5%)
30.9 (3.8)
908 (54.0)
80 (4.8)

4565 (80.0)
869 (15.2)
270 (4.7)

3382 (84.1)
464 (11.5)
176 (4.4)

1183 (70.3)
405 (24.1)
94 (5.6)

1170 (20.5)
4529 (79.5)
16.9 (2.4)

661 (16.5)
3358 (83.6)
17.2 (2.4)

509 (30.3)
1171 (69.7)
16.4 (2.1)

1797 (31.5)
2033 (35.6)
1874 (32.9)

1.499 (37.3)
1424 (35.4)
1099 (27.3)

298 (17.7)
609 (36.2)
775 (46.1)

340 (6.0)
1807 (31.7)
2579 (45.9)
936 (16.4)

243 (6.1)
1100 (27.4)
1890 (47.1)
780 (19.4)

97 (5.8)
707 (42.1)
720 (42.9)
156 (9.3)

3672 (64.4)
2032 (35.6)

2609 (64.9)
1413 (35.1)

1063 (63.2)
619 (36.8)

2264 (39.7)
2843 (49.8)
597 (10.5)

1724 (42.9)
1960 (48.7)
338 (8.4)

540 (32.1)
883 (52.5)
259 (15.4)

1042 (18.3)
1539 (27.0)
1485 (26.0)
1638 (28.7)

931 (23.2)
1222 (30.4)
1032 (25.7)
837 (20.8)

111 (6.6)
317 (18.9)
453 (26.9)
801 (47.6)

-

952 (56.6)
730 (43.4)

-

1325 (78.8)
291 (17.3)
66 (3.9)

-

305 (20.8)
640 (43.7)
519 (35.5)

2572 (64.0)
1450 (36.0)

529 (31.5)
569 (33.8)
584 (34.7)

p-value
0.003*
<0.001*
<0.001*

<0.001*

<0.001*
<0.001*

<0.001*

0.230

<0.001*

<0.001*

3101 (54.4)
569 (10.0)
2034 (35.7)

7

Chlamydia positive was defined as a positive PCR-test outcome in the CSI study (CSI-PCR), and/or the presence of
chlamydia IgG and/or a self-reported chlamydia infection. #At start of NECCST and based on 5699 observations, 5
missing. $Educational level: Low/medium level of education: no education, primary education only, lower general secondary
education and vocational education; high level of education: all other education levels. Chlamydia symptoms were vaginal
discharge, abdominal pain or pain during intercourse and/or intermittent vaginal bleeding. +Based on 5693 observations,
11 missing. Ω based on 1665 observations, 15 missing values. ‡ based on 1639 observations, 43 missing. SD = standard
deviation. CSI = Chlamydia Screening Implementation. PCR = polymerase chain reaction. IUD = Intrauterine Device. IgG=
Immunoglobulin G. * = statistically significant, p<0.05.
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PID
Women with an episode of PID before exposure time were excluded (n=6). In total, 159 (2.8%,
95%CI 2.4- 3.2) women reported at least one episode of PID, of which 57 (35.9%) were admitted
to hospital. Of 33 (20.8%) women with >1 reported PID episode, 45.5% were admitted to hospital
at least once. The incidence rate of PID was 1.8 per 1000py (95%CI 1.6-2.2). Chlamydia positives
had a higher incidence rate of 4.4 episodes of PID per 1000py (95%CI 3.3-5.7) compared to
1.4 per 1000py (95%CI 1.1-1.7) for chlamydia negatives. Incidence rates among the different
chlamydia parameters, CSI-PCR+, chlamydia antibody presence or self-reported infections,
were 4.5 (95%CI 2.6-7.9), 5.2 (95%CI 2.9-9.1) and 4.1 (95%CI 2.8-5.8) per 1000py, respectively.
In multivariable analysis, adjusted for age and educational level, chlamydia positivity remained
strongly associated with PID (adjusted HR 2.22, 95%CI 1.57-3.13), Table 2 and Figure 1.
Table 2. Association between chlamydia positivity and pelvic inflammatory disease, ectopic pregnancy, and
tubal factor infertility in women participating in NECCST.
Cases
N*
Pelvic Inflammatory Disease
Chlamydia negative 100
Chlamydia positive
59

Time
Crude hazard ratio
Person-years# HR
95%CI
P value

Adjusted Hazard Ratioa,b,c
aHR
95%CI
P value

71,029
14,320

1
2.60

1
1.85-3.66 <0.0001 2.22

1.57-3.13

<0.0001

Ectopic pregnancy
Chlamydia negative
Chlamydia positive

41
11

71,412
14,684

1
0.99

0.49-1.97 0.9720

1
0.80

0.39-1.63

0.5335

Tubal factor infertility
Chlamydia negative 15
Chlamydia positive
18

71,523
14,699

1
4.27

2.08-8.77 0.0001

1
4.22

2.05-8.69

0.0001

Chlamydia positive was defined as a positive PCR-test outcome in the CSI study (CSI-PCR), and/or the presence of
chlamydia IgG and/or a self-reported chlamydia infection. For these analyses, multiple imputations were used to estimate
time of first chlamydia infection in women without a known first year of chlamydia infection. *Median cases of 15 multiple
imputation datasets. #Estimated from 15 multiple imputation datasets. a PID Model adjusted for age (time-varying) and
educational level. b Ectopic pregnancy model adjusted for age (time-varying), educational level, number of lifetime partners
and migration background. C TFI model adjusted for age (time-varying). HR = Hazard Ratio. CI = Confidence Interval.

Ectopic pregnancy
In total, 2633 (46.2%) women were pregnant at least once or tried to become pregnant. 52 (0.9%,
95%CI 0.7-1.2) women reported one or more ectopic pregnancies. The incidence rate of ectopic
pregnancy was 0.6 per 1000py (95%CI 0.5-0.8). Ectopic pregnancy rates were not different
between chlamydia positives (0.8 per 1000py, 95%CI 0.4-1.5) and chlamydia negatives (0.6
per 1000py, 95%CI 0.4-0.8), nor in multivariable analysis after adjustment for age, educational
level, number of lifetime partners and migration background (aHR 0.80, 95%CI 0.39-1.63), Table
2, Figure 1. Incidence rates among the different chlamydia parameters, CSI-PCR+, chlamydia
antibody presence or self-reported infections, were 0.4 (95%CI 0.1-2.6), 0.4 (95%CI 0.1-3.0) and
1.1 (95%CI 0.5-2.1) per 1000py, respectively.
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Tubal factor infertility
In total, 33 (0.6%, 95%CI 0.4-0.8) women reported to be diagnosed with TFI. The incidence rate
was 0.4 per 1000 person-years (95%CI 0.3-0.5). Among chlamydia positives, the incidence
rate of TFI was considerably higher compared to chlamydia negatives: 1.3 per 1000py (95%CI
0.8-2.1) and 0.2 per 1000py (95%CI 0.1-0.4) respectively. Incidence rates among the different
chlamydia parameters, CSI-PCR+, Chlamydia antibody presence or self-reported infections,
were 1.1 (95%CI 0.4-3.4), 0.8 (95%CI 0.2-3.4) and 1.4 (95%CI 0.8-2.6) per 1000py, respectively.
Chlamydia positivity was highly associated with TFI: aHR 4.22, (95%CI 2.05-8.69), Table 2 and
Figure 1. The model was adjusted for age.
Sensitivity analyses on all three outcomes (PID, ectopic pregnancy, TFI) using data restrictions
as indicated in methodology section yielded mostly similar results, Figure 2.
Risk factors for long-term sequelae among chlamydia-positive women
In multivariable analyses, having had chlamydia symptoms and IUD insertion were associated
with PID, Supplementary Table S1. For TFI, a younger age at first chlamydia infection (<20 years)
was the only risk factor in univariable analyses. For both PID and TFI, we were unable to determine
an increased risk for women with an unnoticed chlamydia infection (chlamydia IgG-positive only)
compared to women with a known and presumably treated infection.
Associations between risk factors and outcomes regardless of chlamydia-status can be found
in Supplementary Table S2.
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Figure 1. Kaplan-Meier plots of time (years) by chlamydia status since sexual debut. A. Pelvic inflammatory disease. B. Ectopic pregnancy. C. Tubal factor infertility. Chlamydia positive was defined as a positive
PCR-test outcome in the CSI study (CSI-PCR), and/or the presence of chlamydia IgG and/or a self-reported
chlamydia infection.
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Figure 2. Forest plot of various sensitivity analyses of the risk for PID, ectopic pregnancy and TFI between
chlamydia positive and chlamydia negative women in hazard ratio’s and 95%CI. HR = hazard ratio. CI =
confidence interval.

7

Discussion
We estimated risks of PID, ectopic pregnancy, and TFI in a unique cohort of over 5,500 women
with up to eight years of follow-up. Chlamydia positivity was strongly associated with PID, as
shown by a twofold higher risk, and with TFI, by a fourfold higher risk. Incidence rates and risks on
sequelae were comparable among all chlamydia positives (either PCR positive, antibody positive
or self-reported). Among chlamydia-positive women, PID was found to be more common in women
who had symptoms during infection. For TFI among chlamydia-positive women, young age (<20)
at first chlamydia infection was the strongest risk factor. We did not find an association between
chlamydia positivity and ectopic pregnancy. Although differences in risk between chlamydiapositive and chlamydia-negative women were considerable and highly significant, the cumulative
incidence for any of the sequelae studied was low (<5%).
This cohort study yielded an exhaustive dataset in which chlamydia-related sequelae were
determined. First, over 5,500 women were followed since 2008 with multiple data collection
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points. Second, we adopted a thorough approach in determining previous chlamydia infections
using three outcome measures: CSI-PCR, serology and self-reporting. Thereby increasing the
true proportion of chlamydia-positive women, however we cannot completely exclude infections
in the negative group due to moderate sensitivity of the chlamydia IgG ELISA test. Third, we were
able to adjust the relation between chlamydia and its sequelae for multiple confounders, i.e.
sexual risk behaviour, previous pregnancies and pregnancy wishes, demographics and lifestyle
factors. Therefore, our results may approach true risk estimates by reducing some important
uncertainties(5).
This study had several limitations. First, we used self-reported data on PID, ectopic pregnancy and
TFI and in part on chlamydia infections, which are subject to recall bias. In addition, PID diagnoses
are imprecise since a non-invasive gold standard test is not available(25). Both over-reporting
and diagnostic bias towards chlamydia-positive women could have taken place(5), possibly
leading to an overestimation of the risk among chlamydia-positive women. TFI was based on
self-reports, but partly validated in medical registers, showing good agreement. Second, because
the NECCST cohort is based on a sample of the CSI study, we have a non-representative sample
which decreased generalizability of the results. Third, timing of events was defined in years. As
PID sometimes occurred in the same year as the first chlamydia infection, it cannot be ruled out
that some PID cases might have occurred before the first chlamydia infection. Sensitivity analyses
excluding PID cases that occurred in the same year as the chlamydia infection still yielded an
increased risk for chlamydia-positive women, though not significant. Thus, while the largest risk
for PID following a chlamydia infection was in the year of infection, the majority of PIDs occurred
thereafter. Lastly, to draw conclusions on a possible association between chlamydia and ectopic
pregnancy, which remains inconclusive also in previous studies(9, 26), longer follow-up of NECCST
will be needed(20).
Incidence rates of PID and TFI among chlamydia-positive women found in our study (4.4/1000 and
1.1/1000py, respectively) were comparable with results from two Danish studies and an Australian
population-based cohort study. However, our incidence rate for ectopic pregnancy was lower:
0.8/1000py. These studies found incidence rates of 4.0-8.0/1000py for PID, 2.8/1000py for ectopic
pregnancy and 0.7/1000py for TFI and reported cumulative incidences of 2-3%, 2-3% and 0.6%,
respectively(9, 10, 27). For PID and TFI, the Danish and Australian studies found smaller differences
in risk between chlamydia positives and negatives than we did: for PID 1.3-1.8 and for TFI 1.3(9,
10, 27) compared to our HRs of 2.2 and 4.2, respectively. A different comparison was made in
these studies because their definition of chlamydia-negative was based on negative test (NAAT)
results, excluding non-tested women, who were at lower risk than women who tested negative.
We want to be able to identify chlamydia-positive women with the highest risk of complications.
Identified risk factors can help develop chlamydia specific prevention methods. In chlamydianegative women, it is more likely that the cause of complications is due to causes other than
chlamydia. The strongest risk factors for PID among chlamydia-positive women were chlamydia
symptoms and insertion of an IUD. However, women with an IUD might be more focused on
abdominal pain and visit a doctor earlier compared to women without an IUD (diagnostic bias)
(28). Thereby, only part of PID, but also ectopic pregnancy and TFI, is caused by chlamydia,
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estimated population excess fractions are between 20-30% for PID, around 5% for ectopic
pregnancy and 30% for TFI(7).
This study adds to the evidence that chlamydia increases the risk for PID and TFI in women even if
the infection was treated(29), but also showed that incidence rates were small. However, alertness
for PID in years after infection remains warranted among health care providers, especially in
women who experienced chlamydia-related symptoms during infection. Though chlamydia is an
important causative agent for TFI (i.e. fourfold increased risk) during the eight-year follow-up time
of our cohort, TFI was only found in 1% of women following chlamydia infection, in accordance
with modelling studies(12). It is important to identify that 1% of women with high risk. The following
step in NECCST is to assess single nucleotide polymorphisms (SNPs) associations.
The present results underscore the need for effective prevention of reproductive tract complications
following chlamydia infection. Given the small cumulative risks and the lack of evidence that
chlamydia screening is effective in decreasing prevalence, it might be more effective to focus on
women at highest risk for complications rather than promoting widespread chlamydia screening(30).
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Figure S1. Study flowchart (20). CT = Chlamydia trachomatis. PCR = polymerase chain reaction. CSI =
Chlamydia Screening Implementation. IgG = Immunoglobulin G. NECCST = Netherlands Chlamydia Cohort Study.
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Figure S2. Venn diagram of chlamydia positivity. Numbers are based on 1682 chlamydia-positive women
with self-reported infection, positive CSI-PCR and/or chlamydia IgG antibodies. Chlamydia IgG = chlamydia
Immunoglobulin G. CSI = Chlamydia Screening Implementation.
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Table S1. Risk factors for pelvic inflammatory disease and tubal factor infertility among chlamydia-positive women.
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Abstract
Background: A Chlamydia trachomatis infection (chlamydia) can result in tubal factor infertility
in women. To assess if this association results in fewer pregnant women, we aimed to assess
pregnancy incidences and time to pregnancy among women with a previous chlamydia infection
compared to women without one and who were participating in the Netherlands Chlamydia
Cohort Study (NECCST).
Methods: NECCST is a cohort of women of reproductive age tested for chlamydia in a chlamydia
screening trial (CSI) between 2008-2011 and re-invited for NECCST in 2015-2016. Chlamydia
status (positive/negative) was defined using CSI-NAAT results, chlamydia IgG presence in serum or
self-reported chlamydia infections. Data on pregnancies was collected via questionnaires in 20152016 and 2017-2018. Overall pregnancies (i.e. planned and unplanned) and time to pregnancy
(among women with a pregnancy intention) were compared between chlamydia-positive and
chlamydia-negative women using Cox regressions.
Results: Of 5,704 women enrolled, 1717 (30.1%, 95%CI 28.9-31.3) women was chlamydia positive.
Overall pregnancy proportions were similar in chlamydia-positive and -negative women (49.0%,
95%CI 46.5-51.4 versus 50.5%, 95%CI 48.9-52.0). Pregnancies per 1000 person-years was 53.2
(95%CI 51.5-55.0) for chlamydia negatives and 83.0 (95%CI 78.5-87.9) for chlamydia positives.
Among women with a pregnancy intention, 12% of chlamydia-positive women had a time to
pregnancy of >12 months compared to 8% of chlamydia negatives, p<0.01.
Conclusions: Overall pregnancy rates were not lower in chlamydia-positive women compared
to chlamydia-negative women, but among women with a pregnancy intention time to pregnancy
was longer and pregnancy rates were lower in chlamydia-positive women.
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Introduction
Studies over the last twenty years show a stable three percent Chlamydia trachomatis (chlamydia)
infection prevalence among Dutch women in the ages between 16-34 years(1-3). Chlamydia can
cause pelvic inflammatory disease (PID), which can then result in tubal scarring due to an intense
and chronic inflammatory response(4). Tubal scarring may lead to tubal factor infertility (TFI)(5).
In the Netherlands, TFI was diagnosed in approximately 11% of infertile couples between 20022004(6). It is estimated that about one percent of women will develop TFI following chlamydia
infection(7, 8). In the case of high chlamydia prevalence in a population, this will result in
considerable numbers of infertile women. Women with chlamydia-related TFI may need medical
assistance, for example in vitro fertilization (IVF) to become pregnant(9). However, the mean
chance of a live birth following IVF – with large variability because of determinants such as age
and cause of infertility – has been estimated at only about 42% after three complete IVF cycles(10).
Hence, we hypothesized that pregnancy rates are lower, or time to pregnancy is longer among
women with a previous chlamydia infection versus women without a previous chlamydia infection.
So far, only a few studies have assessed the association between chlamydia infections and
subsequent pregnancies or births. A large retrospective study (>20,000 women included)
compared birth rates between women who tested chlamydia-positive either by serology or DNA
test compared to women with negative tests only(11). No differences in birth rates between
chlamydia-positive and -negative women were found. Similar results were found in a historical
follow-up study from Denmark in which again >20,000 women were included; birth rates (alive
or stillborn) were similar between chlamydia-seropositive and -seronegative women(12). In both
studies, exposure time was calculated from a first chlamydia test onwards. Factors such as sexual
behavior, previous contraceptive use, intention to conceive, and time to pregnancy in months
were unknown in these studies and noted as limitations. These limitations need to be addressed
to determine true differences in pregnancies between chlamydia-positive and -negative women.
One main aim of chlamydia control is to prevent complications like infertility through early testing
and treating infections. It is therefore important to not only focus on chlamydial-induced infertility,
but also on fertility after infection. We investigated differences in pregnancy incidences and time
to pregnancy between women with and without a previous chlamydia infection, where time was
defined as the months women attempted to conceive, and where factors such as sexual (risk)
behavior, intention to conceive, and contraceptive use were included.

Materials and Methods
Study design and participants
In the Netherlands Chlamydia Cohort Study (NECCST), Dutch women of reproductive age are
followed until 2022. The design of NECCST has been described previously(13). Briefly, in 20082011, women between the age of 16-29 participated in the population-based Chlamydia Screening
Implementation study (CSI)(2). During CSI, women received annual invitations for chlamydia
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In the Netherlands Chlamydia Cohort Study (NECCST), Dutch women of reproductive age are followed
until 2022. The design of NECCST has been described previously(13). Briefly, in 2008-2011, women
between
the8 age of 16-29 participated in the population-based Chlamydia Screening Implementation
CHAPTER
study (CSI)(2). During CSI, women received annual invitations for chlamydia nucleic acid
amplification tests (NAAT). Women who participated at least once and gave consent to be approached
for further research were invited to participate in NECCST in 2015-2016, Figure I. Participants gave
nucleic acid amplification tests (NAAT). Women who participated at least once and gave consent
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for further
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NECCSTof
in repeat
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Figure
Participants
gave online informed consent to comply with study procedures for the collection
andI. biological
samples.
of repeat questionnaires and biological samples.
228,457 invited for CSI
- 169,639 (74%) no participation in CSI
- 44,133 (19%) no consent to be
approached for future research
14,685 eligible to be invited for NECCST
- 1187 (8%) addresses could not be
retraced
Of which 825 (70%) due to migration out
of the Netherlands.
- 1372 (10%) declined invitation
- 6422 (48%) did not respond
5,704 enrolled in first NECCST round
- 28 (0.5%) withdrew from study
- 2054 (36%) did not respond
3,622 enrolled in second NECCST round

Figure 1. Study inclusion flowchart. CSI = chlamydia screening implementation study, NECCST = Netherlands Chlamydia
Figure
1. Study inclusion flowchart. CSI = chlamydia screening implementation study, NECCST =
Cohort
Study(22).
Netherlands Chlamydia Cohort Study(22).
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kit for self-collection of blood via a finger-prick for chlamydia IgG analysis. The capillary blood
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CT IgG ELISA plus, Wedel, Germany) with a sensitivity of 71% and specificity of 97%(14, 15).
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Presence of chlamydia IgG served as a marker for previous infection. In 2017-2018, participants
were invited to complete the second questionnaire. Both questionnaires retrospectively enquired
about chlamydia infections, pregnancy intention, pregnancies, and time to pregnancy in months.
Additionally, demographic factors were collected such as migration background and education
level. Migration background was classified as ‘Western’ if both parents had a Western country
of birth i.e. a country from Europe [excluding Turkey], North America, Oceania, Indonesia and

self-collection of blood via a finger-prick for chlamydia IgG analysis. The capillary blood samples,
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Japan, ‘non-Western’ if at least one parent had a non-Western country of birth, and ‘unknown’ if
one parent was Western while the country of birth of the other parent was unknown or when the
country of birth of both parents was unknown. Education level was defined as low/medium: no
education, primary education only, lower general secondary education and vocational education;
and high: higher professional education and university education) at last completed questionnaire.
Furthermore, sexual behavior, other STIs, contraceptive use, and health characteristics were
addressed. For all events (i.e. chlamydia infections, gonorrhea infections, and pregnancies),
timing in calendar year was requested in order to reconstruct a timeline. Subsequently, CSI data
about chlamydia NAAT results, self-reported chlamydia infections, and age of sexual debut, were
merged with NECCST data.
Definitions
Chlamydia status: Women were defined as chlamydia-positive if they were either chlamydiaNAAT positive in CSI, chlamydia-positive by IgG antibody presence, or self-reported an infection
during CSI or NECCST; women were considered positive from the year of first infection onwards.
If women were tested negative by NAAT, negative for chlamydia antibodies, and did not report a
previous infection, they were defined as chlamydia-negative.
Overall pregnancies: Pregnancy was defined as a self-reported pregnancy, which also included
miscarriages and induced abortions. Overall pregnancies included planned as well as unplanned
pregnancies, and irrespective of fertility treatments.
Women with a pregnancy intention: This includes all women who had at least one planned
pregnancy (irrespective of fertility treatments) or who had ever tried to conceive or were still trying.
Time period of the cohort: Women were first invited for the CSI study between 2008 and 2011.
Women were invited for NECCST in 2015 or 2016 and re-invited in 2017 or 2018. The cohort
period was shortest from 2011-2015 and longest from 2008-2018. The last received questionnaire
was dated 8/21/2018.
Exposure time in Cox regression was defined in two ways.
First, to assess the chance of getting pregnant for chlamydia-positive women compared
to chlamydia-negative women, exposure time was defined as the years since sexual debut
until last completed questionnaire. This starting point was chosen because from sexual
debut on, women were ‘at risk’ for chlamydia infection and (unplanned) pregnancies.
Second, to determine the chance of getting pregnant over time for chlamydia-positive
women compared to chlamydia-negative women, time to pregnancy was defined as the
number of months women attempted to become pregnant until first planned pregnancy,
until she stopped attempting to get pregnant, or until the last completed questionnaire.
Statistical analyses
Population characteristics, pregnancy proportions and time to pregnancy were compared between
chlamydia-positive women and chlamydia-negative women using student t test, Mann-Whitney
U tests, and chi-square tests. In addition, pregnancy incidence rates (calculated as the number
of pregnancies divided by total person-years at risk) were given.
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- Overall pregnancies
The association between chlamydia and getting pregnant was assessed through a KaplanMeier curve and Cox regression among all participants. To include multiple pregnancies per
participant, we used recurrent event analyses based on the method of Prentice, Williams and
Peterson, which is known as the conditional risk set model. In this model, the assumption is
that a subject is not at risk of a second event until the first event has occurred, and so on(16).
Risks were expressed in (adjusted) hazard ratios ((a)HR). Chlamydia status was included as
a time-varying variable. Multiple imputations were done to estimate the time of first chlamydia
infection if this was unknown, i.e. in women with a positive chlamydia IgG result only (a positive
IgG result can be a result of an infection from years earlier). With STATA’s multiple imputation
command using truncated regression analyses with 10 simulation datasets(17, 18) time of first
chlamydia infection following sexual debut was estimated based on available data from women
with a known year of first infection. This was done for 222 women (4% of all participants and 13%
among chlamydia-positive women). The proportional-hazard (PH) assumption was checked using
log-log plots and testing Schoenfeld residuals. Effect modification, to identify whether the effect
of chlamydia infection was different in groups with different characteristics, was assessed for the
following variables: age, sex of the partner, and migration background. In the case of significant
effect modification, analyses were stratified. The following variables were considered potential
confounders and included in the model if there was a ≥10% change in the regression coefficient:
age (time-varying), migration background, educational level. Additionally, smoking behavior,
and BMI category at start of NECCST, gonorrhea infection, number of lifetime sex partners, age
of sexual debut, and condom use with casual partner were considered potential confounders.
- Women with a pregnancy intention
Timing in months until the first planned pregnancy and chlamydia status was also assessed by
Kaplan-Meier curves and Cox regression. All women with a pregnancy intention were included
in this analysis. The PH assumption and effect modification were assessed as described above.
Chlamydia status was negative in the case of no positive test outcome or in the case that a first
planned pregnancy occurred before the first chlamydia diagnosis. Chlamydia status was defined
as positive when the first infection occurred before the first planned pregnancy. The following
potential confounders at time of trying to get pregnant, in addition to confounders described
above, were evaluated: age, BMI, last contraceptive, and smoking behavior. Contraceptive use
was categorized as: No contraceptive use, Hormonal contraceptives, Mirena, Copper IUD, or
Condoms.
Sensitivity analyses
Various sensitivity analyses were performed as described in Table 1.
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Table 1. Sensitivity analyses
1

Sensitivity analyses
Analyses were repeated without multiple imputations, i.e. women without a known year of first
chlamydia infection were excluded

2

Analyses were repeated selecting CSI-NAAT-positive women versus chlamydia-negative women,
due to high sensitivity and specificity and no recall bias using CSI-NAAT results. In addition, to
understand the impact of measurement bias, an analysis was performed where chlamydia was
classified as NAAT negative, NAAT positive, serology positive, or self-reported positive.

3

The analysis was restricted to women who participated in both the first and second questionnaire
round of NECCST to test for selection bias response.

4

Analyses were repeated where we excluded women with a first chlamydia infection that occurred
in the same year as a first pregnancy because of the possibility that the infection occurred after
the pregnancy rather than before.

5

Analyses were repeated where we excluded women who had their first infection diagnosed after
a planned pregnancy

6

Analyses were repeated in which chlamydia status was categorized as chlamydia-negative, one
infection or multiple chlamydia infections

7

Last, analyses were repeated in which chlamydia status was categorized as chlamydia-negative,
chlamydia-positive or chlamydia-seropositive-only.

CSI = chlamydia screening implementation. NAAT = Nucleic Acid Amplification Test. NECCST =
Netherlands Chlamydia Cohort Study.

Medical ethical approval
This study was approved by the Medical Ethical Committee VU medical Center, Amsterdam, the
Netherlands (NL 51553.094.14/2015.903(A2019.336)). All participants provided informed consent.

Results
In total, 5,704 women were enrolled in NECCST and completed the initial questionnaire. In
2017/2018, 5,676 (99.5%) (n=28 study withdrawals) women were invited to complete the second
NECCST questionnaire, of whom 3,622 (63.5%) did, see Figure 1. Total exposure time from sexual
debut until last questionnaire was 93,854 person-years.
Study population
Characteristics of the study population by chlamydia status at last data collection round (either
the first or second NECCST questionnaire round) are presented in Table 2. Mean age was 32.0
years (SD 3.9). Eighty percent of women had a high educational level and a Western migration
background. Thirty percent of women were chlamydia-positive. Compared to chlamydia-negative
women, chlamydia-positive women were younger at sexual debut, had more lifetime sex partners,
had a history of gonorrhea more often, and were more often smokers.
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Table 2. Study population characteristics by chlamydia status at timing of last data collection moment

Overall
Chlamydia status
Negative
Positive by category:
Self-reported
CSI-NAAT
Chlamydia IgG
Self-reported + CSI-NAAT
Self-reported + chlamydia IgG
CSI-NAAT + chlamydia IgG
All positive
Age (years) mean (SD)
Migration background
Western
Non-Western
Unknown
Educational level$#
Low/middle
High
Age at sexual debut mean (SD)
<16
16-17
>17
Lifetime sex partners
<6
6 – 12
> 12
Condom use with casual partners+
Never/not often
Sometimes
Always/mostly
No casual partners
Gonorrhea positivity n (%)
Use of IUD
Never
At least once
Smoking
Never
Sometimes/in the past
Daily
BMI&
<20
20-<25
25-<30
≥30

Overall
n (%)

Chlamydia-negative
n (%)

Chlamydia-positive
n (%)

5704 (100.0)

3987 (69.9)

1717 (30.1)

3987 (69.9)

3987 (100.0)

0 (0.0)

<0.01

900 (15.8)
4 (0.1)
208 (3.7)
244 (4.3)
263 (4.6)
1 (0.0)
97 (1.7)
32.4 (3.9)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
32.5 (3.9)

900 (52.4)
4 (0.2)
208 (12.1)
244 (14.2)
263 (15.3)
1 (0.1)
97 (5.7)
32.1 (3.9)

<0.01

4565 (80.0)
869 (15.2)
270 (4.7)

3354 (84.1)
458 (11.5)
175 (4.4)

1211 (70.5)
411 (23.9)
95 (5.5)

<0.01

1163 (20.4)
4539 (79.6)

648 (16.3)
3338 (83.7)

515 (30.0)
1201 (70.0)

<0.01

1558 (27.3)
2178 (38.2)
1968 (34.5)

956 (24.0)
1507 (37.8)
1524 (38.2)

602 (35.1)
674 (30.8)
444 (25.9)

<0.01

1306 (22.9)
2174 (38.1)
2224 (39.0)

1077 (27.0)
1598 (40.1)
1312 (32.9)

229 (13.3)
576 (33.6)
912 (53.1)

<0.01

340 (6.0)
1807 (31.7)
2610 (45.9)
936 (16.4)
120 (2.1)

242 (6.1)
1081 (27.2)
1876 (47.2)
779 (19.6)
36 (0.9)

98 (5.7)
726 (42.3)
734 (42.8)
157 (9.2)
84 (4.9)

<0.01

3507 (61.5)
2197 (38.5)

2471 (62.0)
1516 (38.0)

1036 (60.3)
681 (39.7)

0.24

2260 (39.6)
2919 (51.2)
525 (9.2)

1712 (42.9)
1981 (49.7)
294 (7.4)

548 (31.9)
938 (54.6)
231 (13.5)

<0.01

730 (12.8)
3448 (60.6)
1052 (18.5)
464 (8.2)

536 (13.5)
2437 (61.2)
713 (17.9)
294 (7.4)

194 (11.3)
1011 (59.0)
339 (19.8)
170 (9.9)

<0.01

P-value

<0.01

Chlamydia-positive was defined as a positive NAAT test outcome in the CSI study (CSI-NAAT), and/or the presence
of chlamydia IgG or a self-reported chlamydia infection. #At start of NECCST and based on 5702 observations, 2
missing. $Educational level: Low/medium level of education: no education, primary education only, lower general
secondary education and vocational education; high level of education: all other education levels. +Based on 5693
observations, 11 missing and based on first questionnaire data. &based on 5694 observations, 10 missing. SD =
standard deviation. CSI = chlamydia screening implementation. NAAT = Nucleic Acid Amplification Test. IUD =
Intrauterine Device. IgG= Immunoglobulin G. BMI = Body mass index. * = statistically significant, p<0.05.
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Overall pregnancies
In total, 3,146 (55.2%) women (ever) tried to become pregnant or were pregnant at least once,
see Table 3. Mean age at first pregnancy was 29.4 (95%CI 29.2-29.6). There was no significant
difference in percentage of women who had ever tried/were trying to become pregnant, had
been pregnant, or had never tried to become pregnant between chlamydia-negative women and
chlamydia-positive women (p=0.316).
Pregnancy incidences were described in Table 3. The Kaplan-Meier curve is presented in Figure 2A.
Time was censored at 23 years after sexual debut due to sample size reduction. The Schoenfeld
residuals test (p=0.001) indicated that the chance ratio of getting pregnant was not proportional
over time. Therefore, to calculate hazard ratios, the exposure time was stratified in four intervals
based on graphs and testing the PH assumption. In the first two exposure time intervals of 0-6
years and 7-10 years, chances for pregnancy were higher in chlamydia-positive women compared
to chlamydia-negative women: aHR 1.54 (95%CI 1.26-1.89) and aHR 1.42 (95%CI 1.22-1.66)
respectively. In the two last exposure time categories of 11-13 years and 13-23 years, no differences
were seen: aHR 0.93 (95%CI 0.80-1.07) and aHR 1.00 (95%CI 0.90-1.10), see Table 4.
Table 3. Pregnancies in chlamydia-negative and chlamydia-positive women

All women
N, % (95%CI)
Never pregnant nor tried

2558

44.9 (44-46)

Chlamydia-negative
women
N, % (95%CI)

Chlamydia-positive
women
N, % (95%CI)

1821 44.7 (43.1-46.2)

737 45.3 (42.9-47.8)

Tried or trying and failed to
become pregnant

291

5.1 (4.5-5.7)

Ever pregnant*
Planned (at least once)

2855
2051

50.1 (48.7-51.4)
71.8 (70.1-73.5)

2058 50.5 (48.9-52.0)
1558 75.7 (73.8-77.5)

797 49.0 (46.5-51.4)
493 61.9 )58.4-65.2)

58.4 (56.7-60.0)

53.2 (51.5-55.0)

83.0 (78.5-87.9)

Pregnancies per 1000
person-years

198

4.9 (4.2-5.6)

93

5.7 (4.6-7.0)

* 35 women who had a previous unplanned pregnancy were also trying to get pregnant without success yet.
In this table they are included in the ever pregnant category.
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Table 4. Association between chlamydia status and getting pregnant by exposure time intervals
Pregnancies
Time
N*
Person-years#
1. Years following sexual debut 0-6
Chlamydia-negative
536
30,207
Chlamydia-positive
148
2,659

Crude Hzard Ratio
Adjusted Hazard Ratio
HR
95%CI
P value aHR
95%CI
P value
1
2.33

1.92-2.81

1
<0.01 1.54

1.26-1.89

<0.01

30,207
2,394
265

1
2.24
3.07

1.83-2.74
2.16-4.37

1
<0.01 1.50
<0.01 1.88

1.21-1.86
1.24-2.85

<0.01
<0.01

2. Years following sexual debut 7-10
Chlamydia-negative
637
Chlamydia-positive
268

17,103
4,047

1
1.37

1.18-1.58

1
<0.01 1.42

1.22-1.66

<0.01

No infection
One infection
Multiple infections

17,103
3,295
752

1
1.33
1.50

1.14-1.56
1.15-1.96

1
<0.01 1.37
<0.01 1.67

1.18-1.62
1.25-2.24

<0.01
<0.01

3. Years following sexual debut 11-13
Chlamydia-negative
859
Chlamydia-positive
229

10,217
3,228

1
0.77

0.67-0.89

1
<0.01 0.93

0.80-1.07

0.32

No infection
One infection
Multiple infections

10,217
2,536
692

1
0.79
0.68

0.68-0.92
0.51-0.90

1
<0.01 0.93
0.01 0.93

0.80-1.08
0.69-1.25

0.35
0.63

4. Years following sexual debut 14-23
Chlamydia-negative
1,690
Chlamydia-positive
564

12,447
4,637

1
0.86

0.78-0.95

1
>0.01 1.00

0.90-1.10

0.96

No infection
One infection
Multiple infections

12,447
3,594
1,043

1
0.87
0.88

0.78-0.97
0.68-1.04

1
0.01 0.99
0.11 1.05

0.89-1.10
0.85-1.30

0.81
0.65

No infection
One infection
Multiple infections

536
123
25

637
203
65

859
183
46

1,690
443
121

Chlamydia-positive was defined as a positive NAAT-test outcome in the CSI study (CSI-NAAT), and/or
the presence of chlamydia IgG and/or a self-reported chlamydia infection. For these analyses, multiple
imputations were used to estimate time of first chlamydia infection in women without a known first year
of chlamydia infection. *Complete cases. #Person-years of complete cases. Models were adjusted for
age, education level, migration background and number of lifetime partners. HR = Hazard Ratio. CI =
Confidence Interval. aHR = adjusted Hazard Ratio.

Women with a pregnancy intention
In total, 2,377 (41.7%) women had ever attempted to conceive. After excluding records with missing
values in time (n=29) and with an unclear number of pregnancies (n=33), 2,315 women were
included in the analyses. In total, the pregnancy proportion was 87.4%. Overall 83.3% became
pregnant within 12 months. This was 85.0% (95%CI 83.3-86.7) among chlamydia-negative women
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and 77.9% (95%CI 73.9-81.5) among chlamydia-positive women. Of the remaining chlamydianegative women, 7.7% had a time to pregnancy >12 months and the remaining 7.3% had
time <13 months but did not yet conceive. For chlamydia positives this was 11.6% and 10.7%
respectively. Median (IQR) and mean (SD) time to pregnancy was 3 (IQR 1-6) months and 5.6
(SD 9.0) months for chlamydia negatives and 3 (IQR 1-7) months and 6.7 (SD 11.0) months for
chlamydia positives, p=0.007 (based on Mann-Whitney U test). The overall pregnancy rate per
py was 1.8 (95%CI 1.7-1.9); 1.9 (95%CI 1.8-2.0) for chlamydia-negative women and 1.5 (95%CI
1.3-1.6) for chlamydia-positive women. Figure 2B shows the Kaplan-Meier curve. Time was
censored at 36 months due to sample size reduction. In Cox regression analyses, stratified for
age due to effect modification by age (i.e. age was divided into tertiles), chances of pregnancy
for chlamydia-positive women were lower compared to chlamydia-negative women in the age
categories 16-29 years and 30-32 years (aHR 0.79, 95%CI 0.67-0.94 and aHR 0.74, 95%CI 0.600.92, respectively), Table 5. In age category 33-39 years, no significant difference was found
(aHR 1.07, 95%CI 0.89-1.28).
Table 5. Association between chlamydia status and getting pregnant among women with a pregnancy
intention stratified by age at time of attempting to conceive
Planned
pregnancies

Time

N*

Personmonths#

Crude Hazard Ratio
HR

95%CI

Adjusted Hazard Ratio

P value

aHR

95%CI

P value

1. Age 16-29
Chlamydia-negative
Chlamydia-positive

709
162

3,871
1,374

1
0.78 0.66-0.92

<0.01

1
0.79 0.67-0.94

<0.01

No infection
One infection
Multiple infections

709
132
30

3,871
1,069
305

1
0.80 0.67-0.97
0.71 0.49-1.03

0.01
0.07

1
0.81 0.68-0.97
0.71 0.49-1.03

0.02
0.07

2. Age 30-32
Chlamydia-negative
Chlamydia-positive

425
98

2,162
692

1
0.72 0.59-0.89

<0.01

1
0.74 0.60-0.92

<0.01

No infection
One infection
Multiple infections

425
79
19

2,162
571
121

1
0.72 0.58-0.90
0.71 0.45-1.13

<0.01
0.15

1
0.75 0.59-0.94
0.72 0.45-1.14

0.01
0.16

3. Age 33-39
Chlamydia-negative
Chlamydia-positive

485
131

3649
842

1
1.07 0.89-1.28

0.48

1
1.07 0.89-1.28

0.49

No infection
One infection
Multiple infections

485
115
16

3649
690
152

1
1.11 0.92-1.34
0.81 0.49-1.34

0.29
0.42

1
1.10 0.90-1.33
0.85 0.50-1.42

0.35
0.52

Chlamydia-positive was defined as a positive NAAT-test outcome in the CSI study (CSI-NAAT), and/or
the presence of chlamydia IgG and/or a self-reported chlamydia infection. For these analyses, multiple
imputations were used to estimate time of first chlamydia infection in women without a known first year
of chlamydia infection. Analyses were stratified for age categories based on tertiles. *Complete cases.
#
Person-months of complete cases. All models were adjusted for age at pregnancy/trying to get pregnant
and migration background. HR = Hazard Ratio. CI = Confidence Interval. aHR = adjusted Hazard Ratio.
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Figure 2. Kaplan-Meier plots of years since sexual debut until first pregnancy (A) and time to a planned
pregnancy in months among women with a pregnancy intention (B) by chlamydia status. Chlamydia-positive
was defined as a positive NAAT-test outcome in the CSI study (CSI-NAAT), and/or the presence of chlamydia
IgG and/or a self-reported chlamydia infection.

Sensitivity analyses
Sensitivity analyses on pregnancies and time to pregnancy using data restrictions as indicated
in the methodology section yielded comparable results, see Supplementary Figures 1 and 2,
and Supplementary tables 1 and 2.
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Discussion
In this longitudinal cohort study with over ten years follow-up, we assessed pregnancies and time
to pregnancy among chlamydia-positive and chlamydia-negative women. Overall pregnancy
proportions (either planned or unplanned) in chlamydia-positive and chlamydia-negative women
were relatively similar. More chlamydia-positive women were pregnant in the first ten years following
sexual debut, but this difference decreased thereafter. By contrast, among women below 33 years
of age with a pregnancy intention, pregnancy rates were lower in chlamydia-positive women
compared to chlamydia-negative women and time to pregnancy was longer. No differences in
pregnancy rates were seen after 33 years of age.
This unique cohort is a follow-up study from the population-based CSI and included information
about previous chlamydia infections based on NAAT results, chlamydia IgG presence, and
self-reported positive test results, thereby reducing misclassification. However, in common with
other chlamydia studies it is inevitable that there is misclassification in chlamydia status. NAAT
tests can only detect current infections, not past infections and these were performed only once
per year in the CSI(2). Serology can identify past infections, but sensitivity is not optimal and
serology was only done in the first NECCST questionnaire round, not in the second(19, 20).
Furthermore, participants were classified as ‘chlamydia negative’ (until first positive test), which
could have been before first test outcome. Last, self-reported infections may be subjected to
recall bias. To understand the impact of measurement bias, several sensitivity analyses were
performed that yielded similar results. NECCST is a subset of the population-based CSI study,
and selection bias cannot be ruled out. Participants were more often highly educated and from
a Western migration background than the general Dutch population. However, our pregnancy
results are quite comparable with the general Dutch population. The average age of women when
having their first child in the Netherlands in 2013 (i.e. the median year of first pregnancy in this
cohort) was 29.4, which is equal to the age of first pregnancy in this cohort. Furthermore, in the
Netherlands, about 83% of women who wish to become pregnant conceive within one year, as
similarly reported by 82% of women in this study.
In contrast to our hypothesis, overall pregnancy proportions were rather comparable between
chlamydia-positive and chlamydia-negative women – both about 50% in the total cohort. We
expected lower pregnancy proportions because several studies, including a previous study of this
cohort, demonstrated a 1.3-4 times increased risk for TFI following chlamydia infection(21-23).
Our results are, however, in agreement with population-based cohort studies from Denmark and
Norway, in which no differences were seen in birth rates between chlamydia-seropositive women
and chlamydia-seronegative-tested women(12). In the population-based study from Denmark,
a slightly higher chance of births was seen for chlamydia-positive women, either chlamydiaseropositive or by a positive chlamydia DNA test(11). In a clinical study in Iran in which 250 infertile
couples were tested for chlamydia DNA and chlamydia serology, no difference in pregnancy
chances was found either(24). How can this be explained? Although 1.3-4 times higher compared
to chlamydia-negative women, the risk for TFI following chlamydia infection is low (0.5-1.0%)
(7). This effect might get lost in large cohorts in which many other factors for getting pregnant
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played a role. We did not have data about frequency of sexual contacts, which may have had
an impact. We found that unplanned pregnancies were significantly more common (14% more)
among chlamydia-positive women compared to chlamydia-negative women. As both are linked
to unprotected sexual contact, this is not unexpected(25). Despite not having information about
sexual frequency, our results imply that sexual activity among chlamydia-positive women could
have been higher i.e. significantly more lifetime partners, younger age at sexual debut, and more
previous gonorrhea infections. In the Netherlands, there is no antenatal chlamydia screening, but
it might be that part of unplanned pregnancies were terminated in abortion clinics were women
were offered a chlamydia test. More chlamydia tests could have been done which might have
led to an association between chlamydia positivity and pregnancy. However abortion rates in
the Netherlands are low (8.8 per 1000 women in 2018) and only eight percent of abortions were
done among teenagers(26). Nevertheless, these factors in combination with less condom use
might have resulted in more pregnancies and explain why more chlamydia-positive women were
pregnant within the first ten years following sexual debut.
By contrast, among women with a pregnancy intention, pregnancy proportions and rates per year
were lower among chlamydia-positive women. These lower rates can only partly be explained
by the known TFI cases, which is only 1% in this cohort. Lower pregnancy proportions were also
seen in the study following infertile women with and without chlamydia antibodies where fewer
chlamydia-antibody-positive women became pregnant within nine months(27). In that study,
other causes of infertility including visible TFI were excluded. The possibility is that even without
visible tubal pathology, there might be intratubal microdamage due to a previous chlamydia
infection(27). On the other hand, we cannot completely rule out selection bias for the effect. These
lower pregnancy rates were found among women with a pregnancy intention. In this analyses, all
women who only had an unplanned pregnancy were excluded. In the questionnaire, women were
asked if reported pregnancies were ‘planned’ without the definition of ‘planned’ being explained
further. A planned pregnancy could have been interpreted differently between women and wrongly
classified as ‘unplanned’, which might explain our high rates of unplanned pregnancies. Although
excluding unplanned pregnancies led to more clear analyses, a bias might be introduced because
more chlamydia-positive women had unplanned pregnancies, which could have either reduced
or underestimated the effect.
It is difficult to put our results in the context of chlamydia control. In the Netherlands, extensive
chlamydia control efforts are being made. Youngsters up to the age of 25 and high-risk groups can
be tested and treated for chlamydia free of charge(28). It is possible that because of the extensive
testing and treating of chlamydia infections, pregnancy rates are not lower in chlamydia-positive
women compared with chlamydia-negative women. However, we did see lower pregnancy rates
among women with a pregnancy intention. In sensitivity analyses in which we estimated risks for
women who were positive only by a chlamydia antibody test and had not reported a chlamydia
infection, and thus were presumably not treated for chlamydia, pregnancy rates did not differ
from chlamydia positives, of which the vast majority had been treated. Although the group of
chlamydia-positive women who were presumably not treated for their infection was rather small,
it is possible that the effect of chlamydia control in preventing late complications that might result
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in infertility is rather small(29).
Using pregnancy rates and time to pregnancy in addition to PID, ectopic pregnancy, and TFI to
study reproductive health outcomes following chlamydia infections contributes to the insight in
chlamydia disease burden. Pregnancy characteristics are easy to collect with high validity using
questionnaires(30). Nevertheless, in using questionnaires to address events dating back to years
ago, recall bias cannot be ruled out. Given that in our study the median number of years between
first infection and first pregnancy was five, we assume that not many first pregnancies were
incorrectly reported before first infection, however this possibility should be taken into account
in interpreting the results.
To conclude, our results do not indicate that women with a previous chlamydia infection have
lower pregnancy chances compared to women without a chlamydia infection. However, we
did find lower pregnancy rates and longer time to pregnancy among women with a pregnancy
intention, which could be due to complications of the chlamydia infection caused by either visible
or invisible tubal pathology. It is worthwhile to not only focus on chlamydia complications but to
also include pregnancy as an outcome in surveillance and research.
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Supplementary table 1. Differences in pregnancy rate since sexual debut and time to
pregnancy between chlamydia negative, positive and positive only by serology women.
Supplementary Table 2. Differences in pregnancy rate since sexual debut and time to
pregnancy between chlamydia negative, positive by CSI-NAAT, positive by chlamydia
IgG presences or positive by self-reported infection.
Supplementary figure 1. Forest plot of various sensitivity analyses of the risk for pregnancy
following sexual debut between chlamydia positive and chlamydia negative women in
hazard ratio’s and 95%CI.
Supplementary figure 2 Forest plot of various sensitivity analyses of the chance for a
pregnancy between chlamydia positive and chlamydia negative women with a pregnancy
wish in hazard ratio’s and 95%CI.

Chlamydia trachomatis and pregnancies

Supplementary Table 1. Differences in pregnancy rate since sexual debut and time to pregnancy between
chlamydia negative, positive and positive only by serology women
Pregnancies
1. Years following sexual debut 0-6
Chlamydia negative
Chlamydia positive
Chlamydia seropositive only
2. Years following sexual debut 7-10
Chlamydia negative
Chlamydia positive
Chlamydia seropositive only
3. Years following sexual debut 11-13
Chlamydia negative
Chlamydia positive
Chlamydia seropositive only
4. Years following sexual debut 13-23
Chlamydia negative
Chlamydia positive
Chlamydia seropositive only
Time to pregnancy
5. Age 16-29 years
Chlamydia negative
Chlamydia positive
Chlamydia seropositive only
6. Age 30-32 years
Chlamydia negative
Chlamydia positive
Chlamydia seropositive only
7. Age 33-39 years
Chlamydia negative
Chlamydia positive
Chlamydia seropositive only

aHR

Adjusted Hazard Ratio
95%CI
p-value

1
1.52
1.62

1.25-1.86
0.68-3.85

<0.01
0.26

1
1.48
1.08

1.21-1.73
0.69-1.67

<0.01
0.75

1
0.95
0.83

0.81-1.10
0.59-1.18

0.49
0.31

1
1.02
0.88

0.92-1.13
0.69-1.11

0.72
0.28

1
0.77
1.16

0.65-0.91
0.69-1.94

<0.01
0.57

1
0.76
0.67

0.60-0.95
0.41-1.10

0.02
0.11

1
1.10
0.93

0.90-1.33
0.59-1.44

0.36
0.73

Chlamydia positive was defined as a positive NAAT-test outcome in the CSI study (CSI-NAAT), the presence
of chlamydia IgG or a self-reported chlamydia infection. Chlamydia seropositive only was defined as being
positive for chlamydia IgG, but not by self-report or by NAAT test outcome in the CSI study. For these
analyses, multiple imputations were used to estimate time of first chlamydia infection in women without
a known first year of chlamydia infection. Models 1-4 were adjusted for age, education level, migration
background and number of lifetime partners. Models 5-7 were adjusted for age at first planned pregnancy/
age at trying to become pregnant and migration background. HR = Hazard Ratio. CI = Confidence Interval.
aHR = adjusted Hazard Ratio.
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Supplementary Table 2. Differences in pregnancy rate since sexual debut and time to pregnancy between
chlamydia negative, positive by CSI-NAAT, positive by chlamydia IgG presences or positive by self-reported
infection.
Pregnancies

Adjusted Hazard Ratio
aHR 95%CI
P-value

Years following sexual debut 0-6
Chlamydia negative

1

Chlamydia positive

1.54 1.26-1.89

Adjusted Hazard Ratio
aHR 95%CI
P-value
Chlamydia negative

<0.01 CSI-NAAT+

1
1.36 0.99-1.87 0.06

Ct IgG +

1.90 1.23-2.93 <0.01

Self-reported +

1.50 1.17-1.91 <0.01

Chlamydia negative

1

Years following sexual debut 7-10
Chlamydia negative
Chlamydia positive

1
1.42 1.22-1.66

<0.01 CSI-NAAT+
Ct IgG +
Self-reported +

1.21 0.92-1.60 0.18
1.44 1.10-1.90 <0.01
1.52 1.26-1.84 <0.01

Years following sexual debut 11-13
Chlamydia negative
Chlamydia positive

1
0.93 0.80-1.07

Chlamydia negative
0.32 CSI-NAAT+

1
0.99 0.76-1.29 0.94

Ct IgG +

0.88 0.69-1.13 0.32

Self-reported +

0.93 0.77-1.13 0.48

Chlamydia negative

1

Years following sexual debut 14-23
Chlamydia negative
Chlamydia positive

1
1.00 0.90-1.10

0.96 CSI-NAAT+

0.95 0.76-1.18 0.64

Ct IgG +
Self-reported +

0.81 0.68-0.96 0.01
1.13 1.00-1.28 0.05

Chlamydia negative

1

Time to pregnancy
Age 16-29 years
Chlamydia negative
Chlamydia positive

1
0.79 0.67-0.94

<0.01 CSI-NAAT+

0.64 0.47-0.88 <0.01

Ct IgG +

0.82 0.61-1.11 0.21

Self-reported +

0.87 0.70-1.08 0.21

Chlamydia negative

1

Age 30-32 years
Chlamydia negative
Chlamydia positive

1
0.74 0.60-0.92

<0.01 CSI-NAAT+

0.86 0.55-1.35 0.51

Ct IgG +

0.71 0.48-1.04 0.08

Self-reported +

0.73 0.55-0.95 0.02

Chlamydia negative

1

Age 33-39 years
Chlamydia negative
Chlamydia positive

1
1.07 0.89-1.28

0.49 CSI-NAAT+
Ct IgG +
Self-reported +

1.32 0.82-2.12 0.26
0.88 0.64-1.22 0.45
1.13 0.91-1.42 0.27

CSI-NAAT+ (positive) was defined as a positive NAAT-test outcome in the CSI study (CSI-NAAT)
irrespectively of other positive chlamydia outcomes. Ct IgG+ (Chlamydia trachomatis – Immunoglobulin G
positive) was defined as the presence of chlamydia IgG, unless a participant was already positive by CSINAAT. Self-reported chlamydia positive was defined as a self-reported infection without a positive CSI-NAAT
or presence of chlamydia IgG. For these analyses, multiple imputations were used to estimate time of first
chlamydia infection in women without a known first year of chlamydia infection. Pregnancy models (first
four) were adjusted for age, education level, migration background and number of lifetime partners. Time
to pregnancy models (last three) were adjusted for age at first planned pregnancy/age at trying to become
pregnant and migration background. HR = Hazard Ratio. CI = Confidence Interval. aHR = adjusted Hazard
Ratio.
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Sensitivity analyses overall pregnancy rates
Study
ID

aHR (95% CI)

Exposure time 0-6 year
Main analysis
Only second questionnaire women included
Analysis incl. only CSI-PCR positive versus negative
Pregnancy and Ct in same year excluded
Without multiple imputation
Subtotal (I-squared = 0.0%, p = 0.409)
.
Exposure time 7-10 year
Main analysis
Only second questionnaire women included
Analysis incl. only CSI-PCR positive versus negative
Pregnancy and Ct in same year excluded
Without multiple imputation
Subtotal (I-squared = 0.0%, p = 0.863)
.
Exposure time 11-13 year
Main analysis
Only second questionnaire women included
Analysis incl. only CSI-PCR positive versus negative
Pregnancy and Ct in same year excluded
Without multiple imputation
Subtotal (I-squared = 0.0%, p = 0.955)
.
Exposure time 14-23 year
main analysis
only second questionnaire women included
Analysis incl. only CSI-PCR positive versus negative
Pregnancy and Ct in same year excluded
Without multiple imputation
Subtotal (I-squared = 0.0%, p = 0.971)
.
NOTE: Weights are from random effects analysis
.25

1.54 (1.26, 1.80)
1.81 (1.37, 2.39)
1.41 (0.99, 1.99)
1.29 (1.04, 1.60)
1.56 (1.28, 1.91)
1.51 (1.36, 1.67)
1.42 (1.22, 1.66)
1.36 (1.11, 1.66)
1.26 (0.95, 1.68)
1.37 (1.17, 1.60)
1.49 (1.27, 1.75)
1.40 (1.29, 1.52)
0.93 (0.80, 1.07)
0.94 (0.78, 1.14)
0.96 (0.73, 1.25)
0.88 (0.76, 1.02)
0.95 (0.82, 1.11)
0.93 (0.86, 1.00)
1.00 (0.90, 1.10)
0.99 (0.88, 1.11)
0.96 (0.77, 1.19)
0.99 (0.89, 1.09)
1.03 (0.93, 1.14)
1.00 (0.95, 1.05)

.5

1
2
Adjusted Hazard Ratio's

3

Supplementary figure 1. Forest plot of various sensitivity analyses of the risk for pregnancy following sexual
debut between chlamydia positive and chlamydia negative women in hazard ratio’s and 95%CI. Diamond
shape = overall aHR. aHR = adjusted hazard ratio. CI = confidence interval.
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Sensitivity analyses women with a pregnancy intention
Study
ID

aHR (95% CI)

Age group 16-29
Main analysis
Only second questionnaire women included
Analysis incl. only CSI-PCR positive versus negative
Pregnancy and Ct in same year excluded
Without multiple imputation
Chlamydia positive after first pregnancy excluded
Subtotal (I-squared = 0.0%, p = 0.839)
.
Age group 30-32
Main analysis
Only second questionnaire women included
Analysis incl. only CSI-PCR positive versus negative
Pregnancy and Ct in same year excluded
Without multiple imputation
Chlamydia positive after first pregnancy excluded
Subtotal (I-squared = 0.0%, p = 0.993)
.
Age group 33-39
Main analysis
Only second questionnaire women included
Analysis incl. only CSI-PCR positive versus negative
Pregnancy and Ct in same year excluded
Without multiple imputation
Chlamydia positive after first pregnancy excluded
Subtotal (I-squared = 0.0%, p = 0.973)
.
NOTE: Weights are from random effects analysis
.25

0.79 (0.67, 0.94)
0.85 (0.68, 1.05)
0.65 (0.48, 0.90)
0.80 (0.67, 0.95)
0.76 (0.63, 0.90)
0.78 (0.65, 0.93)
0.78 (0.72, 0.85)

0.74 (0.60, 0.92)
0.71 (0.56, 0.90)
0.85 (0.54, 1.34)
0.73 (0.58, 0.91)
0.73 (0.58, 0.92)
0.73 (0.58, 0.92)
0.73 (0.66, 0.81)

1.07 (0.89, 1.28)
1.05 (0.87, 1.28)
1.26 (0.79, 2.01)
1.07 (0.88, 1.29)
1.01 (0.83, 1.23)
1.09 (0.90, 1.33)
1.06 (0.98, 1.16)

.5

1

2

3

Adjusted Hazard Ratio's
Supplementary figure 2 Forest plot of various sensitivity analyses of the chance for a pregnancy between
chlamydia positive and chlamydia negative women with a pregnancy wish in hazard ratio’s and 95%CI.
Diamond shape = overall aHR. aHR = hazard ratio. CI = confidence interval.
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General discussion
Chlamydia trachomatis (chlamydia) natural history has been studied for decades, but questions
remain and challenges in studying the natural history of chlamydia are not easily resolved.
This thesis describes research about the risk of, and related risk factors for, Chlamydia trachomatis
related complications studied in a longitudinal cohort study of women of reproductive age.
Advantages of this cohort construction, challenges in studying the natural history, and the validation
of the followed methods were described. Chlamydia serology in its use either in determining
previous chlamydia infections as well as a potential predictive factor for related complications
were examined. The risk for pelvic inflammatory disease (PID), ectopic pregnancy and tubal factor
infertility (TFI) following a chlamydia infection was determined as also chances for pregnancy and
time to pregnancy in women with and without a previous chlamydia infection. In this discussion,
the most important findings of this thesis will be elaborated, discussed and future perspectives
will be explored in the following order:
1.
2.
3.
4.

Lessons learned from the Netherlands Chlamydia Cohort set up
The value of Chlamydia trachomatis serology
Long-term complications of chlamydia infections and predictive factors
Chlamydia control: The way forward

Lessons learned from the Netherlands Chlamydia Cohort set up
In the Dutch national action plan for STIs, HIV and sexual health it was proposed to develop a
new strategy for chlamydia control to reduce the burden of chlamydia infection(1). Chlamydia
prevalence reduction is not feasible, but reduction of chlamydia sequelae might be. To gain
insight in the burden of chlamydia infections and to estimate risks and risk factors for chlamydia
related complications the Netherlands Chlamydia Cohort Study (NECCST) was set up to guide
policy making in a changing mentality of chlamydia control. To prevent publication bias and to
maximize insight in the used protocol, the study protocol was published (Chapter 2) (2, 3). This
study not only yielded relevant results, but strengths and limitations from the methodology itself
can aid future research(4). The most relevant strengths and limitations will be discussed.
Building on a previous cohort
NECCST has a longitudinal study design in which a combination of retrospective and prospective
data was used. This design allows us to accurately study temporality in chlamydia infections and
multiple late chlamydia complication outcomes(5). The cohort builds on the previously executed
Chlamydia Screening Implementation (CSI) study. The CSI, a population based screening study,
included >300.000 men and women. Although women could only be invited for NECCST if they
consented to be approached again for future STI research, this still comprised of about 15,000
women. These women were followed from 2008 onwards, resulting in a long follow-up. While
building on the CSI ensured long follow-up, relevant data, and samples which could be reused,
the prospective part of NECCST enabled the possibility to collect additional biological samples
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and to collect specific data over time needed to answer the research questions. The latter is a
major advantage over registered based studies in which data is already collected and therefore
not specific for the research target(5-7). Although properly conducted randomized controlled trials
(RCTs) have the highest level of evidence, RCTs are for evaluating an intervention not for evaluating
a natural course of an infection(8). Furthermore, RCTs are not a preferred design when long-follow
up is needed. This makes it difficult to study chlamydia disease outcomes (specifically ectopic
pregnancies and tubal factor infertility [TFI]). For example, a previous well-designed RCT that
studied the intervention of chlamydia screening on PID outcome had only one year of follow-up
and failed to find statistical significant results due to insufficient sample size(9).
Although prospective cohort studies can be too time-consuming and costly, building on the
CSI allowed us to study chlamydia disease outcomes in this observational cohort study design.
Despite major advantages from this design, biases should be carefully addressed and considered
in drawing conclusions and generalizing the results.
Defining chlamydia status using multiple parameters
A major challenge in preventing bias in the exposure outcome is misclassification in chlamydia
status. This misclassification arises due to the asymptomatic nature of the infection. To reduce
misclassifications three parameters were used to determine previous infection (Figure 1), although
all with its own limitations. NAAT tests only detect current infections and infections in the lower
genital tract. Serology detects previous infection, but with imperfect test sensitivity, and selfreported infections are prone to recall bias. However, in absence of a perfect serology test and
the ability to test everybody monthly, combining these three outcomes will results in the least
General discussion
misclassifications possible in chlamydia research.
CSI-NAAT positive

No

Yes

Chlamydia IgG positive

No

Yes

Chlamydia positive

Self-reported infection

No

Yes

Chlamydia negative
Figure 6. Decision tree for chlamydia status definition. CSI-NAAT = chlamydia

Figure 1. Decision screening
tree for chlamydia
status
definition.
CSI-NAAT
chlamydia
screening implementation implementation
- nucleic
acid amplification
test.=IgG
= immunoglobulin.
nucleic acid amplification test. IgG = immunoglobulin.
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Self-reported outcomes were used for PID status, ectopic pregnancies, TFI, and (time to) pregnancy.
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Medical record checks for outcome variables
Self-reported outcomes were used for PID status, ectopic pregnancies, TFI, and (time to)
pregnancy. Self-reporting is always prone to recall bias. But bias on pregnancy outcomes was
expected to be limited. Validity of self-reported data concerning pregnancies from questionnaires
was considered high in a study comparing questionnaire data and birth registry’s in Norway. This
was independent of the number of recall years (up to 45 years after birth)(10). For PID diagnosis
this is more challenging. Due to lack of clear criteria for a PID diagnosis(11), occurrence of silent
PIDs(12), and the risk for diagnostic bias(13), possible bias is difficult to prevent. To increase
the validity on PID, incidences of PIDs among chlamydia positive and negative women found
in NECCST were compared to other studies that determine PID with different methods. For the
diagnosis of TFI, a validation in medical registers was carried out. All women who reported to be
infertile were asked for permission to retrieve their medical files to validate their answers. Selfreported TFI was found to be a valid answer after comparison with medical files(14).
Validation of methods for blood collections and extraction of DNA on stored samples
It is essential to validate methods prior use as a (diagnostic) tool to test the accuracy and to assess
if the method measures what is was intended to do(15). In NECCST, biological samples were
collected for chlamydia antibody determination and retrieved for host DNA analyses. Capillary
blood was home-collected by participants themselves, this method was tested using a selection
of the NECCST cohort that yielded valid results before it was applied to the entire cohort (chapter
3). To reduce costs, old CSI samples (i.e. vaginal swabs and urine samples) were retrieved from
the biobank and tested for host DNA. In a SNP pilot study the use of these old samples for DNA
retrieval SNP determination was successful in over 90% of DNA samples (chapter 4).
In answering the research questions all strengths and limitations of this unique cohort that might
result in biases were considered and taken into account. Answers to the research questions
should help chlamydia control to be more effective, more efficient and goal oriented.

The value of Chlamydia trachomatis serology
Chlamydia serology might be one of the means that can help making chlamydia control more
effective, efficient and targeted(16). Nowadays chlamydia serology has four key attributes:
1) Chlamydia surveillance(17), 2) Measuring population attributable fraction of chlamydia on
complications (18), 3) Vaccine development & evaluation(19) and 4) Identify antigens/combinations
of antigens that identify women with chlamydia related complications(20). Regarding the use of
serology for chlamydia surveillance, testing for chlamydia antibodies in a specific population
can identify how many persons have been ever exposed to chlamydia. Seroprevalence between
different age-groups and birth cohorts can be compared to gain insight into cumulative risk of
exposure and contribute to monitoring frequency and control of chlamydia(17). Using serology
to monitor chlamydia seroprevalence is probably more effective in women compared to men,
because chlamydia antibodies assays seem to have a higher sensitivity in women(21). But also
in women sensitivity and specificity are not optimal. Not all women develop antibodies against
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specific antigens and antibodies can wane over time. In Chapter 5 the value of chlamydia MOMP
antibody testing was evaluated within women from the NECCST study. Over 3,500 NECCSTparticipants were tested for chlamydia IgG antibodies using the commercially available CT IgG
ELISA plus (Medac, Wedel, Germany). Test sensitivity was previously determined at 71% at
time of infection(22). Seroprevalence was 41% among chlamydia positive women (previously
chlamydia NAAT positive) and 8% among chlamydia negative women (no positive NAAT test
results). The specificity of the Medac test (although high—97%) could, in combination with the
low seroprevalence in the chlamydia negative group, result in a considerable number of false
positives. However, the specificity issues reported in general in the past based on the potential
cross reactivity with Chlamydia pneumoniae, Chlamydia psittaci, and Acinetobacter were not
applicable in the current peptide-based ELISA from Medac in which a small peptide from the
MOMP protein was selected with no cross reactivity with C. pneumoniae, in contrast to either
lipopolysaccharide-based ELISAs or total MOMP-based ones(23-25). When outcomes of selfreported positives tests, chlamydia NAAT tests and chlamydia serology were taken together, the
combined chlamydia positivity increased from 23% to 29%. The seroprevalence of forty percent
among women previously tested positive for chlamydia is comparable to the 38% and 35%
found in other studies determining chlamydia antibodies using the Medac MOMP assay years
following infection(26, 27). The eight percent seropositives among previously negative tested
women were infections otherwise missed. These women were than misclassified as chlamydia
negative. Reductions in misclassifications increase the precision of estimates on proportions of
women who experience chlamydia related complications. Because of this it is recommended
to use serology in addition to other chlamydia measures such as previous NAAT results and
possible self-reported infections.
However, other assays for example the EB ELISA and the Pgp3 ELISA reported higher sensitivities
and specificities than the Medac assasy for estimating chlamydia population seroprevalence(21,
28). The Medac assay uses the MOMP antigen as a target. MOMP is a large protein involved
in maintaining rigidity of the chlamydia membrane, attachment to human epithelial cell and
that functions as a pore to provide nutrients once the bacterium entered the host cell(29, 30).
Nevertheless, not everyone will develop antibodies against this specific antigen. This will probably
be similar with other one-target assays. Chlamydia trachomatis consist of 895 open reading
frames. In theory once infected the host immune response can develop antibodies against all of
these 895 antigens. In Chapter 6 the development and use of a Chlamydia trachomatis whole
proteome array was described. The aim was to identify antigens best in distinguishing between
chlamydia infected and non-infected and between women with and without chlamydia related
complications using all 895 open reading frames(31). A panel of in total eighteen antigens
could be constructed to identify 96% of all seropositives instead of using all antigens. A panel
of eighteen different antigens can easily be used in multiplex assays similar to for example an
HPV assay with seventeen antigens(32). Starting from including all 895 antigens to finally include
less than two dozen antigens most reactive is an elegant method to detect the best suitable and
promising antigens. In the panel several well-known and used antigens were validated such as
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CPAF, MOMP, Pgp3, TARP and HSp60(17, 20), but also antigens not previously identified as targets
or even described were found such as CT_142. Validation of this panel is however vital before
it can be used as an assay to identify previous infections. These antigens were most reactive
among NECCST participants, which might not be comparable to all women of reproductive age.
However, the seven most reactive antigens were also identified as highly immunogenic when
analyzing samples from the Mongolian population based study on chlamydia whole proteome
arrays(31). Nevertheless, validation in different cohorts and preferably in cohort without any
Chlamydia trachomatis exposure but with Chlamydia pneumoniae exposure is needed to rule
out cross-reactivity. Due to a high seroprevalence among previously tested chlamydia negative
women (although with chlamydia related complications) cross-reactivity with the whole proteome
array with other chlamydia species cannot be excluded.
A second objective was to explore disease specific markers. The sample size of women with
a complication, specifically ectopic pregnancy and TFI unfortunately was too low to detect any
differences in prevalence. However, CT_142 and CT_813 were less common among PID cases
compared to controls and CT_858 was less common among women with chronic pelvic pain
compared to controls. Larger sample sizes are needed to further explore these associations.
Chlamydia serology can aid to the surveillance, evaluation of chlamydia control activities and
identification of disease specific risk. Current assays however lack sensitivity and specificity in
determining population seroprevalence. This diminishes the value of chlamydia serology for this
purpose. Assays with improved sensitivity and specificity are needed. Whole proteome arrays are
useful in determining important potential antigens for inclusion in assays. Additionally, identifying
disease specific markers will give the opportunity to identify women most at risk for complications.
In NECCST using chlamydia MOMP-serology reduced to a certain extent misclassification of
chlamydia status, but did not remove it completely.

Long-term complications of chlamydia infections and predictive factors
Pelvic inflammatory disease, ectopic pregnancy and tubal factor infertility are major severe
complications following a (asymptomatic) chlamydia infection. The risk of developing one or more
of these complications is determinative for chlamydia control activities(33). It is therefore vital
to have decent risk estimates of late complications following an infection. In the first chlamydia
natural history studies risk estimates following infections were high. For PID, either clinical or
subclinical, the risk following chlamydia infection was estimated between 25 to 80%(34-43). The
risk of ectopic pregnancy following a PID was estimated between 5-25%(37, 44-48) and TFI was
assumed to occur among 10 to 20% of all women with chlamydia-related PID(44, 45, 49-55).
In recent studies, risk estimates for late complications are much lower. In a multi-parameter
evidence synthesis published in 2016 risk estimates for PID (symptomatic and asymptomatic)
following untreated chlamydia infection was 17%, for ectopic pregnancy this was 0.2% and for
TFI 0.5%(18). Explanations for the differences in risk between older studies and recent studies
might be that older studies included high risk STI populations, in high risk STI populations multiple
chlamydia infections are more common and the risk for other STI such as Gonorrhea, which is
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also an etiological factor for PID, is also higher(34). Furthermore, case-control studies were used
to estimate absolute risk, which is not a suitable design, and last some studies assumed that all
ectopic pregnancies were preceded by PID(33). These factors might have overestimated risks for
chlamydia complications. In Chapter 7 risks for PID, ectopic pregnancy and TFI were estimated
in the NECCST cohort. The NECCST cohort includes 5700 women between the age of 21 and
38 following the first round. Three in ten women were classified as chlamydia positive based on
CSI-NAAT tests, chlamydia serology, or self-reported chlamydia infections. Incidence rates for
PID were considerably higher among chlamydia positive versus negative women, 4.4 per 1000
person-years (py) and 1.4/1000py respectively. For TFI this was 1.3/1000py for positives and
0.2/1000py for negatives. No difference was seen in the incidence rate of ectopic pregnancies,
0.8/1000py for chlamydia positives and 0.6/1000py for negatives. These risk estimates were
rather comparable to other more recent studies on chlamydia related complications. Population
based cohort studies from the UK, Denmark and Australia found risk differences and incidence
rates for PID in chlamydia positive women of 4.0-8.0/1000py, 2.8/1000py for ectopic pregnancy
and 0.7/1000py for TFI(6, 7, 56, 57). Given the rather different study design of the NECCST study
and the population based cohort studies, it is very interesting and reassuring that risk estimates
were comparable. This increases the certainty of yielded results.
Although all these studies showed an increased risk for PID and TFI following chlamydia infection,
this does not automatically support chlamydia screening or testing/treating of risk groups to
prevent complications. In NECCST, as well as in the population based studies, higher risks
between 30-100% for PID were found in women who were almost all treated for their infection
compared to women tested negative for a chlamydia infection. Why does treatment not prevent
these women from PID? Is treatment given to late? Moreover, women in NECCST who were
tested positive for chlamydia only by a serology test and did therefore presumably not get treated
for their infection, had similar risk estimates for complications as women who were treated. If
treatment in asymptomatic women would reduce the risk for complications, one would have
expected higher risks among serology positives only. In addition to this, overall risk estimates
were small. Cumulative risk estimates in NECCST as well as in other studies ranged between
2-5% for PID, 0.7-3% for ectopic pregnancy and 0.6-1.1% for TFI(6, 7, 56). Low incidence rates
challenge the cost-effectiveness of chlamydia screening programs(58-60). Because the lower
the overall risk for PID, ectopic pregnancy and TFI, the higher the number needed to screen to
prevent a case(61). Instead of taking TFI as an outcome, one can also focus on pregnancy rates.
In Chapter 8 pregnancy rates and time to pregnancy was compared between chlamydia positive
and negative women. Overall pregnancy rates, either planned an unplanned, were rather similar
in the two groups. In the first ten years following sexual debut, even more chlamydia positive
women became pregnant. However, among women with a pregnancy wish, time to pregnancy
was significantly longer among chlamydia positive women compared to negative women; twelve
versus eight percent had a time to pregnancy of over twelve months. These results were difficult
to interpret. Chlamydia positive women had significantly more often unplanned pregnancies
compared to negative women. Although this is not unexpected since unplanned pregnancies and
chlamydia infection are both related to unprotected sexual contact(62), this could have introduced
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selection bias in time to pregnancy analyses. In time to pregnancy analyses only women who were
planning to become pregnant were included, because of the need for a fixed ‘time to pregnancy’,
which is absent in case of an unplanned pregnancy. Since more chlamydia positive women were
excluded, whom were al proven fertile, it is difficult to conclude that the longer time to pregnancy
is associated with the chlamydia infection or that the found effect is due to selection bias. Only
few other studies determined pregnancy rates, birth rates, or time to pregnancy in chlamydia
positive and negative women. Two large population based register studies from Denmark and
Norway in 2005 and 2007 indicated no difference in birth rates following a positive or negative
chlamydia test result(63, 64). In a study among infertile women in whom no specific cause of
infertility could be determined, time to pregnancy was longer among women with chlamydial
antibodies compared to women without(65). All pregnancy related results taken together might
indicate that the effect of chlamydia on infertility is too small to be found in large population based
studies. Other factors such as sexual risk behavior and sexual frequency might have a larger
impact. In specific groups time to pregnancy was found to be longer among chlamydia positive
women. This might indicate that infertility and longer time to pregnancy is only found in a small
proportion of women following a chlamydia infection.
Taking all chlamydia outcomes into account, i.e. PID, ectopic pregnancy, TFI, overall pregnancies
and time to pregnancies, it can be concluded from our data as well as previous studies that
previous chlamydia infections does increase the risk for some reproductive tract outcomes. Overall
complications rates were however low and pregnancy rates high. Only few women suffer from
late chlamydia complications. Why is the course of infection different between these women and
women without complications? How then to address the chlamydia burden? Reinfection rates,
sexual risk behavior, bacterial factors, and host genetics all play an important role in the course
of infection(6, 66-69). In the NECCST cohort women who had a symptomatic infection were
more at risk for a PID compared to women with an asymptomatic infection. TFI was more often
diagnosed among women who had a young age at first chlamydia infection (<20 years of age).
Both suggest that a different immunological response might be an explanation for the increased
risk. Young age is a consistent risk factor for chlamydia infection and PID, despite lower sexual
activity compared to women of older age, which implies that host immunity is at work(66, 70).
Host immunity and genetics might be key in differentiating between women with and without (risk
for) chlamydia related complications(71). In the pilot SNP study (chapter 4) a first exploration
as predicters for developing chlamydia complications was done for four SNPs (TLR2 +2477
G>A, NOD1 +32656 T->GG, CXCR5 +10950 T>C, and IL10 -1082 A>G) previously associated
with chlamydia disease outcomes. We found that NOD1 +32656 T->GG increased the risk for
a symptomatic (versus asymptomatic) chlamydia infection and IL10 -1082 A>G increased the
risk for late chlamydia complications. When having enough associated factors, a predictive tool
can be built to identify women with high risk profiles for late chlamydia complications. Preventive
measures can be targeted on those women.
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Chlamydia control: The way forward
In the Netherlands extensive chlamydia control efforts are ongoing. Risk groups, such as people
with symptoms, people notified for a chlamydia infection, and youngsters until the age of 25
can be tested and treated for chlamydia free of charge(72). In 2018/2019 in the Netherlands,
over 150,000 tests were performed at the STI clinics and over 300,000 STI consultations (either
infection of fear of STI) were performed by general practitioners. About 60,000 people tested
positive and were treated accordingly(72). These numbers increase yearly. Evidence of a decline
in chlamydia prevalence due to screening is lacking as seen in many national and international
studies(21, 59, 73, 74). The effect of screening on late complications seems marginal, maybe
test and treatment was too late to prevent complications(9, 73). Additionally, complication rates as
seen in the NECCST cohort were low as well as the estimated attributable fractions of chlamydia
of PID, ectopic pregnancy and TFI(18). A decline of PID and ectopic pregnancy cases since the
implementation of chlamydia control efforts was seen in many countries, however the decline was
similar in countries with extensive chlamydia control efforts as well as in countries without(11). In
a natural experiment in Sweden where many chlamydia infections were missed (and not treated),
because of a chlamydia variant which was not picked up by diagnostics, complications rates
were only marginally effected(75). And last in the NECCST cohort women who tested positive by
serology only (and were presumably not treated) had similar complication rates as chlamydia
positive women who were treated. Advantages of screening or testing and treating risk groups
seem (highly) overestimated.
What about disadvantages of current practices, the so called benefit-harm ratio? The goals of
screening are to detect and treat asymptomatic infections, to limit ongoing transmission, and to
reduce the incidence of sequelae. With early detection and treatment of asymptomatic infections
the duration of infection is shortened and transmission will be reduced(59). But shortening
the duration of the infection might have an adverse effect. Early antimicrobial treatment might
interfere with the development of natural immunity induced by the infection, this is called the
arrested immune hypothesis(76, 77). That would mean that after treatment people are fully
susceptible again for re-infection. Re-infections increase the risk for late complications(6).
Population susceptibility is then enhanced and after implementing control programs, chlamydia
prevalence will more likely increase than decrease(76). A second adverse effect is that being
diagnosed with a chlamydia infection or even just taking a chlamydia test is associated with
stigma. In a Dutch study, youngsters felt ashamed to have ‘caught’ an infection and might think
they should have better taken care of themselves(78). A more recent concern is overtreatment.
Testing and treatment to reduce transmission is no longer substantiated given the absence of
a prevalence reduction. Treatment is than focused on the prevention of late complications. But
complications rates are, fortunately, very low. Therefore, many women and specially men are
treated unnecessary. If only one percent of women progresses to TFI, 99% of women will be
treated while the infection would have spontaneously cleared without causing TFI. Within one
year already fifty percent of women will have cleared the infection(79). The chlamydia bacterium
itself remains sensitive to first line antibiotics(80), but other pathogens such as MG and NG may
become resistant due to overtreatment.
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The time has come to change chlamydia control practices in the Netherlands. Testing almost half
a million people and treating over 60,000 persons annually without solid evidence that this result
in transmission reduction or in preventing late complications is no longer justified. In November
2019, the Dutch Chlamydia Top was organized driven by the first results of the NECCST cohort
and other recent literature on chlamydia complications and control activities. Dutch experts as well
as several international chlamydia experts were invited to discuss the current chlamydia paradigm
and how to move forward. At time of writing this thesis a viewpoint of the meeting is being written.
The focus of chlamydia control programs should be on the 5% of women who will develop serious
sequelae. In the absence of vaccines, the ultimate measure will be to have an prognostic tool
which differentiates between women with and without an increased risk for late complications. This
tool, will be based on genetic markers, immunologic markers, but also risk behavior and health
characteristics. A subset of 25 SNPs that was previously linked to or biologically plausible to be
related to the development of complications following a chlamydia infection, was determined on
DNA samples from NECCST participants. Using statistical analyses on the ongoing NECCST
cohort, SNPs with the highest predictive value will be implemented in the diagnostic tool. This
tool can be implemented in STI clinics, in fertility clinics or maybe even in GP practices. In STI
clinics and GP practices, this tool might differentiate between women who need antibiotics and
who don’t. Additionally the tool can aid the follow-up of high risk profile women. Treatment has to
be effective and re-infections should be prevented(6). In fertility clinics, these women can directly
helped further in the fertility workup without examination and treatment delay. Until such a tool is
in place, current test and treat practices can be more focused on risk groups. Until now not only
women are being tested but also heterosexual men and men who have sex with men (MSM).
Since transmission cannot be stopped and complications in men after asymptomatic infection
are not likely, it might be an idea to stop testing men and test and treat only if the female partner
tested positive. It is proposed that chlamydia infection in MSM might increase the acquisition
of an HIV infection(81), but in light of all other HIV preventive measures such as PrEP(82) and
treatment as prevention (TASP)(83) this became less relevant in countries with a low HIV incidence
and undetectable viral load in people living with HIV. The risk for chlamydia as well as PID is
highest among women <20 years(66, 72). They should have priority over people in their twenties.
Additionally a PID risk score based on current evidence might be used to classify women as high
or low risk for PID. Different options for more effective chlamydia control activities can be explored
while in the meantime a prognostic tool based on data of the NECCST cohort will be developed.
NECCST, a unique longitudinal cohort investigating chlamydia disease progression gave insight
in risks for late chlamydia complications and pregnancies. Challenges and limitations in this
cohort were acknowledged and included in conclusion making. Current results and continuation
of the cohort will guide policy making regarding chlamydia control. In 2020 a second ZonMw (The
Netherlands Organisation for Health Research and Development) grant on the NECCST cohort
was approved. This will result in longer follow-up of the NECCST participants, which results in
more disease specific outcomes. Furthermore, to comprehend the complete burden of chlamydia
infections on female reproductive health, outcomes on miscarriages, preterm birth, and still birth
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will be investigated. The final aim is to focus on identifying the target group of women whom benefit
from chlamydia preventive measures by developing a prognostic tool. This tool will be piloted to
test acceptability and feasibility. Ultimately, results of NECCST will aid to increase effectiveness,
efficiency, and targeted health care of chlamydia control activities.
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Summary
Chlamydia trachomatis infection (“chlamydia”) control is largely focused on detecting and treating
asymptomatic infections, limiting ongoing transmission, and thereby reducing the incidence of
chlamydia related complications such as pelvic inflammatory disease (PID), ectopic pregnancies
and tubal factor infertility (TFI). However, despite the ongoing activities of accelerated testing
and treating chlamydia prevalence remains unchanged. Uncertainty exists about the estimates
of complications rates following infection as well as determinants associated with developing
late complications. To estimate the risk for late complications following a chlamydia infection and
to gain insight in factors that contribute to the development of complications, the Netherlands
Chlamydia Cohort Study (NECCST) was initiated.
This thesis described research on chlamydia complications and related risk factors in NECCST.
Part 1 ‘The risk of chlamydia for long-term complications: Setting up the Netherlands Chlamydia
Cohort study’ described and discussed the methodology used for the cohort.
Part 2 focused on ‘The value of chlamydia trachomatis serology’ in either determining a previous
chlamydia infection or as a factor potentially related to disease progression.
Part 3 ‘Long-term complications of chlamydia infections and predictive factors’ described the
risk estimates for late complications and pregnancies following chlamydia infection.
In chapter 1, a general introduction is provided on Chlamydia trachomatis, its characteristics,
clinical manifestations, potential complications and the epidemiology is described. Furthermore,
the challenges of estimating chlamydia related complications are discussed. Studying the natural
history of chlamydia comes with many challenges. Due to the asymptomatic nature of the infection,
misclassifications of the chlamydia status is common. Case definitions, specifically of PID, are
challenging due to unclear diagnostic criteria. A long follow-up is needed because complications
of infections often only become apparent after women try to get pregnant, years following infection.
And last a large sample size is required because of low incidences of ectopic pregnancies and
TFI. With these challenges and the general limitations of cohort studies in mind, NECCST will be
‘NECCST best’ design in estimating late complications of chlamydia infections.
Part 1 The risk of complications following chlamydia infection: setting up the Netherlands Chlamydia
Cohort study
This first part of the thesis focuses on setting up the cohort and the validation studies performed
to increase accuracy and reproducibility of the study design. The Netherlands Chlamydia Cohort
Study (NECCST) is a longitudinal cohort study following women of reproductive age who previously
participated in the Chlamydia Screening Implementation (CSI) study. With NECCST we aimed to
estimate the risk for late complications in women with and without a previous infection. Furthermore,
the chance of getting pregnant following infection was estimated. Last, determinants associated
with developing complications were assessed to help identify women with the highest risk for late
complications. Chapter 2 described the study protocol of NECCST. The study started in 2015 and
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will be ongoing until 2022. Information was gathered concerning previous chlamydia infections,
late complications, fertility issues, pregnancies and also demographics, sexual risk behaviour
and health characteristics. To validate parts of the used methodology, two further studies were
performed. Chapter 3 describes a validation method of the use of home collected capillary blood
samples for the assessment of chlamydia IgG antibody presence. Validity was high between
chlamydia IgG antibody concentration of samples with and without centrifugation delay, therefore
this home collection of blood samples introduced a low cost method with simple logistics and is
therefore easy to use in large epidemiological studies. Chapter 4 describes a pilot study in which
the reuse of previously collected CSI samples for isolating host DNA was tested. Additionally in
these samples we tried to confirm the role of four genes by investigating proven associated single
nucleotide polymorphisms (SNPs, i.e. TLR2 +2477 G>A, NOD1 +32656 T->GG, CXCR5 +10950
T>C, and IL10 -1082 A>G) in the susceptibility and severity of a chlamydia infection. The majority
of previously found associations could not be confirmed. This study underscores the relevance
of confirmatory studies and confirmed the use of old biological samples for host DNA isolation.
Part 2 The value of Chlamydia trachomatis serology
This second part of this thesis focuses on the use and value of chlamydia serology in either
identifying people previously infected or to identify antibody patterns associated with chlamydia
disease progression. Chapter 5 describes the study of the value of chlamydia serology in addition
to using previous NAAT results and self-reported infections in estimating chlamydia lifetime
prevalence. Among women with previous negative chlamydia tests, eight percent tested positive
for chlamydia antibodies. This significantly increased chlamydia lifetime prevalence with six
percent compared to using NAAT results and self-reported infections only. Combining NAAT
outcomes, self-reported positive tests, and antibody testing reduced misclassification in chlamydia
prevalence estimates. In chapter 6 chlamydia whole-proteome microarrays were utilized to identify
antibody patterns associated with infection and with complications in a subsample of NECCST
participants. Serum pools were analyzed on whole-proteome arrays. The most reactive antigens
were used for further analyses with minimized microarrays. To discriminate between seropositive
and seronegative serum samples; a panel of eighteen antigens was created which identified 96%
of all microarray positive samples. Using a whole-proteome array to select antigens for minimized
arrays allows for the identification of novel informative antigens as general infection markers. It
is however vital to the validate this assay, panel, and potential disease related antigens before it
can be used in medical practice.
Overall, chlamydia serology can aid to the surveillance, evaluation of chlamydia control activities
and identification of disease specific risk. Current assays however lack sensitivity and specificity
in determining population seroprevalence. This reduces the value of chlamydia serology for
this purpose. Whole proteome arrays are useful in determining important potential antigens for
inclusion in assays which might increase sensitivity and specificity in future assays.
Part 3 Long-term complications of chlamydia infections and predictive factors
In Chapter 7 and 8 studies were described in which risks and risk factors for PID, ectopic
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pregnancy, TFI and (time to) pregnancies were estimated. About 30% of 5,704 included women
were chlamydia-positive. Incidence rates for all complications were low, between 1.3 and 4.4 per
1,000 person-years. However, the incidence rate of PID was two times higher among chlamydia
positives compared to chlamydia negatives. For TFI this was four times higher among chlamydia
positives. Incidence rates for ectopic pregnancy were similar. Among chlamydia-positive women,
the strongest risk factor for PID was symptomatic versus asymptomatic infection and for TFI this
was a young age (<20) at first infection. Overall pregnancy rates were similar in chlamydia positive
and negative women, both fifty percent. However, among women with a pregnancy intention,
chlamydia positive women became significantly less often pregnant within twelve months than
chlamydia negative women. Additionally, pregnancy rates were twenty percent less over time among
chlamydia positives <33 years of age compared to chlamydia negatives. From these studies it
can be concluded that chlamydia-positive women have a considerable higher risk for PID and
TFI, and have a longer time to pregnancy. However, the overall incidence rates of complications
remained low and ultimately overall pregnancy rates did not differ between chlamydia positive
and negative women.
Last, in chapter 9 a general discussion is provided on all topics described above, as well as
recommendations for the future. Building on a previous study provided long-term follow up, relevant
data and a large sample size that allowed the estimation of chlamydia risk for late complications.
The overall risk for complications was low and overall pregnancy rates were similar. Currently in
the Netherlands over 60,000 infections are diagnosed and treated yearly without solid evidence
that this will decrease chlamydia prevalence or chlamydia complications. A shift from prevention
of infection to prevention of complications can be more effective. The ultimate measure will be
to have an prognostic tool which differentiates between women with and without an increased
risk for late complications. The NECCST cohort will continue to develop a prognostic tool using
among other genetic and serology markers. In the meantime different options can explored for
testing high risk groups, i.e. high risk for late complications instead of high risk for infections.
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Chlamydia trachomatis infectie bestrijding is grotendeels gericht op het diagnosticeren en
behandelen van asymptomatische infecties, het verminderen van transmissie en daarmee het
verlagen van de incidentie van chlamydia gerelateerde complicaties zoals eileiderontstekingen,
buitenbaarmoederlijke zwangerschappen en onvruchtbaarheid veroorzaakt door verklevingen
in en rondom de eileiders. Ondanks alle activiteiten om chlamydia transmissie te onderbreken,
door het steeds meer testen en behandelen van infecties, blijft de prevalentie van chlamydia in
de bevolking onveranderd. Daarnaast is er onzekerheid over hoe vaak complicaties voorkomen
na een chlamydia infectie bij vrouwen en welke risicofactoren de kans op complicaties verhogen
dan wel verlagen. Om in te kunnen schatten wat het risico van het doormaken van een chlamydia
infectie op lange termijn complicaties is en om inzicht te krijgen in de risicofactoren ervan is de
Nederlandse Chlamydia Cohort Study (NECCST) opgezet.
Dit proefschrift beschrijft het onderzoek over chlamydia gerelateerde complicaties en geassocieerde
risico factoren in NECCST.
Deel 1 ‘Het risico op chlamydia gerelateerde lange termijn complicaties: Het opzetten van de
Nederlandse Chlamydia Cohort Studie’ beschrijft en bediscussieert de voor het onderzoek
gebruikte methode.
Deel 2 richt zich op de waarde van Chlamydia trachomatis serologie voor het bepalen van een
doorgemaakte chlamydia infectie en als mogelijke factor in de ontwikkeling van complicaties.
Deel 3 ‘Lange termijn complicaties van chlamydia infecties en voorspellende factoren’ beschrijft
de risicoschattingen voor het ontwikkelen van complicaties en het zwanger worden na een
chlamydia infectie.
Het eerste hoofdstuk (Hoofdstuk 1) bestaat uit een algemene introductie over Chlamydia
trachomatis, de karakteristieken, het klinisch beeld, mogelijke complicaties en de epidemiologie.
Vervolgens worden de uitdagingen van het bepalen van de risico’s op chlamydia gerelateerde
complicatie uitvoerig besproken. Het bestuderen van het natuurlijke beloop van een chlamydia
infectie kent vele uitdagingen. Chlamydia heeft vaak een asymptomatisch beloop waardoor
missclassificatie van de chlamydia status veel voorkomt. Definities van complicaties, vooral
van PID, zijn lastig door onduidelijk diagnostische criteria. Een lange follow-up is nodig omdat
complicaties van chlamydia vaak pas zichtbaar worden zodra vrouwen proberen zwanger te
worden, meestal jaren na een infectie. Als laatste is een grote onderzoekspopulatie nodig i.v.m.
het weinig voorkomen van buitenbaarmoederlijke zwangerschappen en onvruchtbaarheid
(veroorzaakt door eileiderafwijkingen). Door deze uitdagingen, naast de algemene limitaties van
cohort studies, heeft NECCST een ‘NECCST best’ studieopzet in het bepalen van het risico op
chlamydia gerelateerde complicaties.
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Deel 1 Het risico op chlamydia gerelateerde lange termijn complicaties: Het opzetten van de
Nederlandse Chlamydia Cohort Studie
Het eerste deel van het proefschrift richt zich op het opzetten van het cohort en bijbehorende
validatie studies om de validiteit en de betrouwbaarheid van de studie te verhogen. NECCST is
een longitudinale cohort studie waarin vrouwen in de reproductieve leeftijd gevolgd worden die
eerder hebben meegedaan aan de chlamydia screening implementatie (CSI) studie. Het doel van
NECCST is het risico op late complicaties te schatten onder vrouwen met en zonder doorgemaakte
chlamydia infectie. Ook de kans op zwangerschap (na een infectie) is geschat. Vervolgens is er
gekeken naar factoren die geassocieerd zijn met het ontwikkelen van late complicaties. Met behulp
van deze risicofactoren kunnen vrouwen met het hoogste risico op late complicaties geïdentificeerd
worden. In hoofdstuk 2 is het studie protocol van NECCST beschreven. Het onderzoek is gestart in
2015 en zal doorlopen tot 2022. Er is informatie verzameld over doorgemaakte chlamydia infecties,
late complicaties, vruchtbaarheidsproblemen, zwangerschappen, maar ook demografische
factoren, seksueel risicogedrag en gezondheidsdeterminanten. Om de validiteit te bepalen
van onderdelen van de gebruikte methode zijn er twee validatiestudies uitgevoerd. Hoofdstuk
3 beschrijft de validatie over het gebruik van thuis afgenomen vingerprikbloeddruppels waarin
chlamydia antistoffen zijn bepaald. De validiteit was hoog tussen chlamydia immunoglobuline
G (IgG) antistof concentraties in bloedmonsters met en zonder verwerkingsvertraging. Deze
thuisafname methode van bloeddruppels introduceert een logistiek gemakkelijke en relatief
goedkope methode om bloed te verzamelen in grote epidemiologische studies. Hoofdstuk 4
beschrijft een pilot studie waarin het hergebruik van de eerder verzamelde CSI monsters (vaginale
swabs en urine monsters) is getest om humaan DNA uit te isoleren. Daarnaast is in de geteste
monsters getracht eerder gevonden associaties te herbevestigen tussen singlepolymorphisms
(SNPs) in vier genen en chlamydia vatbaarheid en het verloop van chlamydia infecties. Specifiek
ging het om de volgende SNPs: TLR2 +2477 G>A, NOD1 +32656 T->GG, CXCR5 +10950 T>C,
and IL10 -1082 A>G. Humaan DNA bleek goed te isoleren uit de ‘oude’ verzamelde monsters.
Het merendeel van de eerder gevonden associaties kon niet worden bevestigd. Deze studie laat
daarmee het belang zien van bevestigingsstudies.
Deel 2 De toegevoegde waarde van Chlamydia trachomatis serologie
Het tweede deel van het proefschrift richt zich op het gebruik en de waarde van chlamydia serologie
in enerzijds het identificeren van vrouwen die eerder geïnfecteerd zijn (geweest) met chlamydia en
anderzijds in het identificeren van antistofpatronen die geassocieerd zijn met chlamydiapathologie.
Hoofdstuk 5 beschrijft de studie waarin de waarde van chlamydia serologie is bepaald als
aanvulling op het gebruik van CSI-Nucleic Acid Amplification testen (NAAT) en zelf-gerapporteerde
infecties voor het schatten van de chlamydia ‘lifetime’ prevalentie. Acht procent van vrouwen die
eerder NAAT-negatief zijn getest, testten positief op chlamydia antistoffen waardoor de chlamydia
lifetime prevalentie met zes procent werd verhoogd. Het combineren van chlamydia serologie,
NAAT uitkomsten en zelf gerapporteerde chlamydia infecties reduceerde misclassificatie in
chlamydia status. In hoofdstuk 6 is beschreven hoe chlamydia ‘whole proteome arrays’ gebruikt
zijn om te kijken naar associaties tussen antistofpatronen en infecties en antistoffen en chlamydia
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complicaties in een subset van NECCST deelnemers. Serum groepen zijn geanalyseerd op
whole-proteome arrays. De meest reactieve antigenen zijn vervolgens gebruikt in de ‘minimized
microarrays’. Om seronegatieve en seropositieve monsters te onderscheiden is er een panel van
achttien antigenen gecreëerd dat uiteindelijk 96% van alle microarray positieve monsters kon
identificeren. Door gebruik te maken van whole-proteome arrays om antigenen te selecteren voor
de minimized arrays is het mogelijk om nieuwe informatieve antigenen te selecteren als infectie
(-ziekte) markers. Het is zeer belangrijk om de minimized array, het panel van achttien antigenen
en de potentieel aan chlamydia complicaties geassocieerde antigenen te valideren alvorens het
te gebruiken in de (medische) praktijk.
Chlamydia serologie kan de chlamydia surveillance ondersteunen, het kan gebruikt worden bij
de evaluatie van chlamydia control activiteiten en in de identificatie van het risico op chlamydia
pathologie. De huidige (commercieel verkrijgbare) testen hebben een onvoldoende hoge
sensitiviteit en specificiteit in het bepalen van de populatie prevalentie wat de toegevoegde
waarde van chlamydia serologie voor dit doel verlaagt. Whole proteome testen kunnen gebruikt
worden om potentiele relevante antigenen voor inclusie in testen te bepalen. Hiermee zou de
specificiteit en sensitiviteit van testen verhoogd kunnen worden.
Deel 3 Lange termijn complicaties van chlamydia infecties en voorspellende factoren
In hoofdstuk 7 en 8 worden de studies beschreven waarin het risico en de risicofactoren zijn
bepaald op een eileiderontsteking, buitenbaarmoederlijke zwangerschap, onvruchtbaarheid
en (tijd tot) zwangerschap. Ongeveer dertig procent van alle 5704 vrouwen die geïncludeerd
zijn in NECCST hebben ooit een chlamydia infectie doorgemaakt. Complicaties kwamen niet
vaak voor en de incidenties van alle complicaties waren laag, tussen de 1,3 en 4,4 per 1000
persoonsjaren. De incidentie van een eileiderontsteking was wel twee keer zo hoog voor vrouwen
die ooit t.o.v. vrouwen die nooit een chlamydia infectie hadden doorgemaakt. Onvruchtbaarheid,
door eileiderafwijkingen, kwam zelfs vier keer zo vaak voor bij vrouwen die ooit een chlamydia
infectie hebben doorgemaakt. Incidenties van buitenbaarmoederlijke zwangerschappen verschilden
niet van elkaar. Onder vrouwen met en doorgemaakte chlamydia infectie was het hebben van
symptomen tijdens een infectie geassocieerd met een verhoogd risico op een eileiderontsteking.
Een jonge leeftijd bij de eerste chlamydia infectie (<20 jaar) was geassocieerd met een verhoogd
risico op onvruchtbaarheid (door eileiderafwijkingen).
Vijftig procent van alle vrouwen in NECCST zijn ooit zwanger geweest. Hier was geen verschil
in tussen vrouwen met en zonder doorgemaakte chlamydia infectie. Echter, onder vrouwen met
een zwangerschapsintentie bleken vrouwen met een doorgemaakte chlamydia infectie significant
minder vaak zwanger binnen twaalf maanden dan vrouwen zonder doorgemaakte infectie.
Uit deze beider studies kan geconcludeerd worden dat een doorgemaakte chlamydia infectie
geassocieerd is met een verhoogd risico op een eileiderontsteking, op onvruchtbaarheid (door
eileiderafwijkingen) en op een verlengde tijd tot zwangerschap. Maar de incidentie van complicaties
is laag en het uiteindelijke aantal vrouwen dat zwanger werd is niet verschillend tussen vrouwen
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met en zonder doorgemaakte infectie.
In hoofdstuk 9 volgt de algemene discussie over alle bovengenoemde studies en onderwerpen
als ook de aanbevelingen op basis van dit proefschrift en huidige literatuur. NECCST borduurde
voort op de eerder uitgevoerde CSI studie. Deze opzet zorgde voor een lange follow-up van
deelnemers, relevante gegevens en een grote onderzoekspopulatie. Hierdoor was het mogelijk om
het risico op lange termijn complicaties van een chlamydia infectie te kunnen schatten. Het risico
op late complicaties was klein en zwangerschappen kwamen even vaak voor onder vrouwen met
een zonder doorgemaakte infectie. Momenteel worden er in Nederland jaarlijks meer dan 60.000
chlamydia infecties gediagnosticeerd en behandeld zonder dat er bewijs is dat dit de prevalentie
verlaagt of dat het complicaties voorkomt. Een shift in focus van preventie van chlamydia infecties
naar preventie van chlamydia complicaties is een mogelijk effectievere manier van chlamydia
bestrijding. Hiervoor is een tool nodig om vrouwen met een verhoogd risico op complicaties te
kunnen onderscheiden van vrouwen met een laag risico. Het NECCST cohort zal worden vervolgd
met als doel een prognostische tool te ontwikkelen op basis van o.a. genetische kenmerken
en serologische markers (ZonMw grant gestart per 1 februari 2021). Totdat een dergelijke tool
is ontwikkeld kan worden onderzocht of het mogelijk is om hoog risico groepen specifiek voor
chlamydia complicaties te testen i.p.v. hoog risicogroepen voor een chlamydia infectie.
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Chlamydia trachomatis (hereafter referred to as ‘chlamydia’) is the most common bacterial sexually
transmitted infection (STI) among young women. The infection can result in pelvic inflammatory
disease (PID), leading to severe complications, such as prolonged time to pregnancy, ectopic
pregnancy, and tubal factor infertility. The natural history of chlamydia has been studied for
decades, but questions remain and challenges in studying the natural history of chlamydia are
not easily resolved. The risk of and risk factors for complications following a chlamydia infection
had not been assessed in a long-term prospective cohort study. Therefore, the Netherlands
Chlamydia Cohort Study was set up to estimate the risk and risk factors for these reproductive
tract problems in women with and without a previous chlamydia infection. Almost 6,000 women
participated and were followed for five to ten years. We found that having had a chlamydia infection
increased the risk for PID and tubal factor infertility by two to four times and slightly increased the
time to pregnancy when compared to women without a previous chlamydia infection. However,
complications following chlamydia infections were rare; PID was found in five percent and tubal
factor infertility only in one percent of chlamydia positive women. Furthermore, the overall pregnancy
chances were similar for women with and without a previous chlamydia infection.
These conclusions together with the set up of the cohort helped in estimating more robust
risk estimates for late complications following chlamydia infections. The longitudinal cohort
design; building on a previous study (from 2008-2011 that included 60,000 women), long-term
follow-up (>ten years) and the extensive manner in which previous chlamydia infections was
determined overcome many limitations previously mentioned in studies estimating the risk for late
complications following chlamydia infections. Moreover, the results are supportive and contribute
highly to the discussion of a new proposed chlamydia control approach concerning testing and
treating infections: shifting the focus from preventing chlamydia infections to preventing chlamydia
complications. The reason for extensive chlamydia testing is primarily to prevent the spread of
chlamydia infections by interfering transmission and to prevent women from severe complications
related to a chlamydia infection. But despite a sharp increase in chlamydia testing over the
past decades, chlamydia background prevalence remained similar over the last twenty years.
PID, ectopic pregnancy and tubal factor infertility is not monitored in a standard and frequent
manner, which makes it difficult to assess if the current chlamydia control results in less cases
of PID, ectopic pregnancies or tubal factor infertility. In some ecological studies a decline in PID
or ectopic pregnancy cases was seen, however declines in these outcomes were also seen in
countries with minimum or no systematic chlamydia screening. This information combined with
the results from the thesis, which showed low risks for complications, do not support extensive
(and therefore expensive) chlamydia testing.
A shift in chlamydia control approach from preventing chlamydia infections to preventing chlamydia
complications will have a major impact. Extensive chlamydia testing can be shifted to more targeted
chlamydia testing. Targeted testing will be based on risk factors that identify women at highest risk
of chlamydia related complications. These risk factors can be based on demographics, infection
characteristics, immunological factors and genetic factors. This thesis provides several risk factors
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related to an increased or decreased risk for late complications. When these risk factors can
be confirmed and when in future a validated prognostic model will be available, the number of
chlamydia tests and treatments will decline drastically and with it the costs. Besides the economic
impact the shift will have, it will also have a significant social impact. In the current chlamydia
control strategy several risk groups are being tested and treated free of charge. If a shift will be
made to only targeted testing for women at high risk for late chlamydia complications, than the
criteria and advise for chlamydia testing will change. There will be a lesser need to test boys and
men for an infection. And probably many women will not be tested either. Communication will be
key during a shift in chlamydia control, in which the low complication rates and similar pregnancy
chances for women with and without previous infections will be reassuring for both health care
professionals and for girls and women tested positive for chlamydia.
Targeted testing can only be effective if a clear distinction between women with and without high
risk for late complications can be made. The Netherlands Chlamydia Cohort Study is further funded
until 2025 in which the overall aim is to develop a prognostic tool by which high risk women can
be identified. This tool will be piloted to test acceptability and feasibility in which all important
stakeholders will be involved. The ultimate aim is to increase effectiveness and efficiency of
chlamydia control activities, targeted at high risk women to control chlamydia related complications.
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Dankwoord

Dankwoord
En dan is daar het moment dat je mag gaan zitten voor het schrijven van je dankwoord en
eindelijk iedereen mag bedanken die een directe dan wel indirecte bijdrage heeft geleverd aan
dit proefschrift. Vreselijk spannend, maar het voelt vooral als een eer. Velen hebben niet alleen
inhoudelijk bijgedragen, maar hebben er ook voor gezorgd dat de tijd van mijn promotieonderzoek werkelijk fantastisch was. Te beginnen met mijn promotieteam.
Beste Servaas, het is al vaker gezegd, maar dat maakt het niet minder waar: Je bent werkelijk
de meest enthousiaste promotor die ik me kan voorstellen. Je ziet overal kansen en mogelijkheden en problemen zijn er om op te lossen. Als ik graag een extra onderzoek wilde uitvoeren
of een samenwerking wilde aangaan was de vraag niet of ik dat kon doen, maar hoe ik dat kon
aanpakken. En dan je ongekende bereikbaarheid. Vakantie betekende voor jou een wisseling
van werkplek. Op een memorabele dag ergens in mijn eerste maanden als promovendus was jij
op vakantie in Spanje. Die ochtend mailden we wat heen en weer over niet-dringende zaken. In
de middag kreeg ik een mail van je: “Ik ben even niet bereikbaar i.v.m. een excursie, over twee
uur ben ik weer terug.“ Ik heb me serieus afgevraagd wat er van mij werd verwacht zodra ik op
vakantie zou gaan. Toch was deze ongekende bereikbaarheid bijzonder prettig of dit nu per telefoon, per app of per email was. Bijvoorbeeld toen ik er op Koningsdag achter kwam dat ik mijn
manuscript bij een verkeerd journal had ingediend en lichtelijk in paniek was, kon ik je gewoon
bereiken. Je lachte, stelde me gerust, we bedachten een oplossing en iedereen kon weer verder
met zijn dag. Ontzettend bedankt voor je vertrouwen, de begeleiding en kansen tijdens mijn promotieonderzoek en voor de mooie mogelijkheid om nu als postdoc bij jou aan de slag te gaan.
Beste Birgit, ik wil je ten eerste heel erg bedanken dat je mij de kans hebt gegeven om te starten
als PhD student bij jou op de soa afdeling. Naast dat je mijn leidinggevende was en de projectleider van NECCST werd je, ongeveer twee jaar nadat ik begonnen was, ook mijn copromotor.
Ik vond de samenwerking hierin erg prettig. Onze gesprekken over de studie, de analyses, de
resultaten waren altijd zeer levendig met vele zijpaadjes (over van alles en nog wat) en we liepen
eigenlijk altijd uit. Daarnaast bewonder ik je nuchtere en praktische kijk op zaken. Ik ben met enige regelmaat gestrest bij je kantoor binnen gelopen om binnen enkele minuten met een gerust
hart weer naar buiten te komen. Maar daarnaast ook bedankt voor alle gezelligheid en lachen
bijvoorbeeld tijdens avondjes uit midden in Ipanema in Rio de Janeiro.
Beste Jan, in het begin van mijn promotieonderzoek hebben we je gevraagd om als tweede
promotor deel te nemen in mijn promotieteam. Jouw ervaring op het gebied van chlamydia en
publieke gezondheid was een ontzettend waardevolle aanvulling tijdens mijn onderzoek en het
interpreteren van alle resultaten. Je kritische houding t.o.v. het huidige chlamydia beleid heeft
veel stof gegeven tot nadenken. Tijdens onze gesprekken samen op het RIVM had je niet alleen
aandacht voor het inhoudelijke, maar vroeg je altijd even hoe het ging en hoe ik de promotie en
alle onderdelen ervaarde. Bedankt!
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Beste Sander, jij was het eerste aanspreekpunt binnen het VUmc voor mij als copromotor en
later binnen het Amsterdam UMC. Vele verhuizingen hebben we meegemaakt en jij was diegene
die iedereen rondleidde, op het gemak liet voelen en kennis leerde te maken met het lab. Heel
erg bedankt dat ik altijd binnen kon lopen als ik ergens tegenaan liep, of dit nu ging om host
genetica, serologie of logistieke vragen rondom de studie.
Beste Ingrid en Louise, hoewel jullie inmiddels (al jaren) niet meer bij het RIVM werken, waren
jullie diegene die mij hebben ingewerkt op het NECCST onderzoek. Ingrid jij bent diegene die
begonnen is met het opzetten van NECCST en het schrijven van alle aanvragen. Louise, jij hebt
veel gedaan in de methodologie en de voorbereiding op de studie. Ontzettend bedankt voor
jullie enthousiasme, jullie hulp en begeleiding en voor de inspiratie voor dit proefschrift.
Geachte leden van de beoordelingscommissie, Prof. dr. P.H.M. Savelkoul, Prof. dr. R.F.P.M Kruitwagen, Prof. dr. D.D.M. Braat en Dr. Y. Pannekoek bedankt voor het lezen en beoordeling van
mijn proefschrift.
Een dergelijke grote en ingewikkelde studie als NECCST kan niet zonder een goede
adviescommissie. Beste Prof. dr. Marianne van der Sande, Prof. dr. Christian Hoebe, Dr. Nicole
Dukers-Muijrers, Dr. Hannelore Götz, Dr. Arjan Hogewoning, Dr. Jolande Land, Prof. dr. Frank de
Vries, Prof. dr. Henry de Vries ontzettend bedankt voor het kritisch doch enthousiast meedenken
met alle studieperikelen, het meedenken en geven van feedback op manuscripten en vooral ook
voor de interessante discussies en de motivatie die dit mij iedere keer weer gaf. Dank ook aan
alle coauteurs die de manuscripten weer tot een hoger niveau tilden.
Ook een grote dank aan alle NECCST studiedeelneemsters.
Mijn paranimfen Merel en Daphne. Ik vond het een eer paranimf bij jullie te mogen zijn en ik ben
ontzettend blij en opgelucht dat jullie mij straks bijstaan. Lieve Merel, al zo lang vriendinnen en
bijna gelijktijdig begonnen we met een promotieonderzoek. Voor lange tijd ook aan dezelfde
universiteit. Wat was het fijn om dit samen te kunnen doen. De koffiepauzes in en rondom de
VU waren altijd broodnodig. Was het niet om successen te bespreken dan vooral om lekker te
klagen over hoe het allemaal ging. Al kon dit overigens ook prima in de nabijgelegen sauna of
onder het genot van sushi. Bedankt lieverd dat je, waar het ook over ging, altijd vierkant achter
me stond!
Lieve Daphne, ik kan mijn promotieonderzoek niet los zien van jou. Ik vond het fantastisch om
zo gelijktijdig met jou te kunnen promoveren. Zoals jij het al verwoordde ontstond er al snel een
hele mooie vriendschap. En wat hebben we een gave dingen meegemaakt, in het prachtige
Oxford, het mooie en enge Rio en toen nog naar Vancouver. Regelmatig sta ik nog stil voor een
‘Daphne-momentje’. Maar misschien wel de fijnste momenten waren de ‘goeie koffie pauzes’
op het RIVM, het liefst buiten in de zon. Bedankt voor al het lachen, luisteren, de gezelligheid
en het er zijn!
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Graag wil ik ook mijn (oud) collega’s van het RIVM bedanken. Janneke H, Fleur, Maartje, Chantal, Eline Hannelore en Laura en nu ook de nieuwe soa collega’s, bedankt voor alle interessante
discussies, het meedenken met mijn onderzoek, maar vooral ook de gezelligheid binnen de
soa groep de afgelopen jaren. Zoïe, jij neemt het stokje van mij over als PhD student op NECCST en ik heb er alle vertrouwen in dat we vele mooie onderzoeken tegemoet gaan zien, veel
succes! Petra, Daphne en Maartje bedankt voor de gezellige koffiepauzes en marktuitjes waar
we altijd heel fijn onze PhD of werkzaken met elkaar konden bespreken. Lieve Maarten, alleen
al als ik aan je denk hoor ik je lach en waarschijnlijk de rest van de afdeling ook. Als jij er was
kon mijn dag al niet meer stuk. Wat is het fijn je nu weer af en toe te zien! Mijn kamergenoten
Irene, Pim, Abby, Janneke en Emma, ik vond het altijd erg gezellig met jullie op de kamer. Alle
leden van de feestcommissie, Tom, Maartje, Maarten, Marit, Daphne en Irene, bedankt voor al
het lachen, de gezelligheid, de verkleedpartijen en vooral de borrels! Janneke V en Joram en
andere ‘derde verdiepingers’ bedankt voor alle gezelligheid. De stagiaires bij de soa afdeling,
Maud en Michelle. Maud altijd even enthousiast en assertief en Michelle heel nauwkeurig en
betrokken, bedankt voor jullie inzet en top bijdrage aan twee verschillen onderzoeksprojecten.
Het secretariaat van de afdeling EPI en in het bijzonder Ilse en later Saskia, ontzettend bedankt
voor jullie hulp rondom alle logistiek van NECCST en uiteraard de gezellige praatjes.
Twee dagen per week mocht ik aan de slag bij het VUmc, laboratorium immunogenetica. En
ook daar wil ik graag mijn collega’s bedanken. Eerst mijn medepromovendi. Lieve Ea, jij maakte
echt mijn tijd op het VUmc. Twee dagen waren eigenlijk te weinig om bijgepraat te raken, alles
was bespreekbaar! Van chlamydia onderzoek tot borstvoeding. Bedankt voor alle gezelligheid,
jouw fijne en nuchtere kijk op het leven en uiteraard je bijdrage aan dit proefschrift. Martin jouw
droge humor was een welkome afwisseling. En hoewel niet altijd even stipt, was je er altijd. Je
stond altijd klaar om te helpen, mee te denken of gewoon om te luisteren. En je filmavonden
met de meest vreselijkste films, waren fantastisch. Bedankt! Lieve Dewi als iemand weet wat
gezelligheid is ben jij het, maar ik kon je ook altijd om hulp vragen. En damn wat pippeteer jij
snel! Bedankt voor de leuke tijd, zowel in de O|2 toren als op congressen. Lieve Omaima, we
hebben tijdens ons PhD traject beiden ons eerste kindje gekregen en dat maakte dat we ons
heel goed konden inleven in hoe de combinatie was. Jij ook nog veel succes met het afronden
van je proefschrift.
Beste Jolein, vooral jij maakte me wegwijs in het lab op het VUmc. Met name de chlamydia ELISA’s zijn we vol ingedoken. Ontzettend bedankt ook voor al het harde werk op de letterlijk duizenden NECCST serum samples! Een ongelooflijk waardevolle bijdrage aan mijn proefschrift.
Roel ook jij stond altijd klaar om te helpen of om iets uit te leggen. Het liefst met mooie hitjes op
de achtergrond wat het werken op het lab altijd een stuk gezelliger maakte.
De stagiaires op het VUmc, Vincent en Yolanda, bedankt voor jullie harde werk. En Jelmer! Ik
weet niet waar we meer over geleerd hebben: inhoudelijk over SNPs en chlamydia of het hebben
van heel veel geduld en nog meer doorzettingsvermogen. Maar het resultaat mag er wezen!
Maar ook alle andere collega’s waar ik langer of korter mee heb samen mogen werken Anne,
Melisa Mansi, Wies, June, Naomi, Esmee en Jan-Henk, bedankt voor de gezellige werksfeer.
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Dear Katrin, we met in Oxford at the ESCR, which turned out to be a great start of our collaboration. I really enjoyed working with you. Especially when you came to Amsterdam and even more
so when you welcomed me in Heidelberg at the DKFZ, many thanks for the hospitality!
Mijn nieuwe collega’s op de Hogeschool Arnhem en Nijmegen bedankt voor jullie interesse in
mijn onderzoek.
Mijn lieve vrienden en vriendinnen, in het bijzonder Elze, Eefje, Elske, Evelien, Floor, Lisa, Loes,
Malou, Marleen, Merel, Nanne, Nicole en onze fantastische aanhang bedankt voor alle borrelavonden, eetclubs, de kroeg in, of de tegenwoordige babyshowers, luiertaarten maken of wat
dan ook, dit zijn echt de noodzakelijke afleidingen die horen bij een PhD onderzoek. Sabine en
Erik, soms is het juist fijn om wel alle proefschrift perikelen met elkaar te kunnen delen!
Lieve pap en mam, of jullie altijd precies wisten waar ik mee bezig was, dat denk ik niet. Maar dat
jullie trots waren op alles wat ik deed was duidelijk! Jullie hebben me altijd vrij gelaten om zelf
te kiezen wat ik wilde gaan doen. Ook al veranderde ik weleens van richting gaandeweg. Daarnaast stonden jullie altijd klaar om te helpen met onze huizen of het oppassen op de kinderen,
wat mij weer ruimte gaf om met een gerust hart te gaan werken. Ontzettend bedankt hiervoor!
Ook Wiebe en Jelke, Ivanka en Sjaak, Wim en Ineke en verdere schoonfamilie. Bedankt voor
de interesse, het oppassen, het aanhoren van alle proefschrift verhalen en het brengen van
afleiding.
En dan als laatste mijn fantastische man. Lieve Thomas, jij weet als geen ander hoe dit traject
voor mij geweest is, want je staat echt altijd voor me klaar. Sinds het moment dat we elkaar
leerden kennen staan we samen. En dat bleek ook echt de afgelopen jaren. Niet alleen zijn we
getrouwd, ook hebben we onze twee fantastische bengels Ted en Kato gekregen. Een hele
hoop avonturen die ik alleen maar met jou wilde beleven. Ik ben zo ontzettend gelukkig met je
en ik kijk uit naar alles wat nog komen gaat. Bedankt lieverd!
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