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CHAPTER 1

Introduction to this thesis

Over the last decades, the awareness and understanding of the importance of Chlamydia 

trachomatis as an agent for urogenital tract infections worldwide, and its potential compli-

cations with impact on female reproduction, has increased tremendously in policymakers, 

health workers and research funders. This has led to public sexually transmitted infection 

(STI) prevention campaigns, targeted recruitment, and screening of STI risk groups by social 

health services, assessment of previous C. trachomatis infections in fertility work-up, and 

increased funding for C. trachomatis research. Advanced knowledge in the complex field of 

susceptibility and severity of C. trachomatis infections has led to successful management 

of infection due to a cooperative interaction between workers in the field of public health, 

venereology and epidemiology with attention to monitoring and quality control. Also, the 

development of international clinical guidelines for treatment of urogenital C. trachomatis 

infections has increased evidence-based management of this disease and is a crucial step 

forward to controlling and curing infection and preventing severe long-term complications to 

occur. Once infertility due to C. trachomatis infections in women has occurred, it is difficult 

to determine whether the infertility is caused by C. trachomatis in retrospect, since the infec-

tion is often cleared years before infertility has become evident and is thus not detectable 

anymore. Also, detection of C. trachomatis antibodies in serum, does not necessarily imply 

C. trachomatis as the cause of infertility. This can impede adequate and timely diagnosis 

in women with tubal factor infertility. Detection of antibodies in the patients’ blood, formed 

by the adaptive immune system after encounter(s) with C. trachomatis bacteria, hint at an 

increased risk of development of sequelae. Therefore, chlamydia antibody tests are used 

in fertility clinics. Even though knowledge about C. trachomatis is increasing every day, 

there is a hiatus in knowledge of assessing chlamydial induced infertility. This thesis aims 

to contribute to improvement of the prediction of chlamydia-induced infertility in order to 

reduce the health burden of the complications of C. trachomatis infections.

In this introduction section of this thesis, the host immune response to a chlamydial infec-

tion is briefly outlined, followed by discussing pathogenesis, clinical manifestations and 

epidemiological aspects of C. trachomatis infections and its complications. The history 

and current aspects of application of C. trachomatis serology in fertility clinics is extensively 

outlined in this introduction since the focus of this thesis is improvement of prediction of 
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tubal factor infertility based on C. trachomatis antibodies, additional serum markers and 

the patients’ clinical features.

Contents of this chapter

1. General characteristics of the C. trachomatis bacterium

2. Immunologic response to C. trachomatis infection

3. Epidemiology of C. trachomatis infections

4. Clinical manifestations of a Chlamydia trachomatis infection

5. Detection and treatment of infection

6. Factors that influence the course of infection

7. Prevalence of complications

8. Clinical approach to tubal factor infertility

9. Chlamydia antibody tests

10. Aims and outline of this thesis

1. General characteristics of the C. trachomatis bacterium
Chlamydia trachomatis is a gram-negative intracellular bacterium with one of the smallest 

bacterial genomes, and is fully dependent on its eukaryotic host cell to complete its develop-

mental cycle (figure 1.)(1, 2). Chlamydia is an exceptional bacterium since it has an infectious 

cycle with two developmental forms, the elementary body (EB) and the reticulate body (RB). 

The EB is the transmissible form of the bacterium that attaches to an epithelial cell and is 

taken up by the cell. By invading the epithelial cell the intracellular infection has been initiated. 

Within the first 12 hours after entry, the EBs are converted to metabolically active RBs. The 

RB is the replicative form of the chlamydial bacterium that divides to 100-1000 progeny per 

infected cell within 24 hours. After 40-48 hours after infection, the RBs are converted back 

to EBs and are released to infect new host cells(3, 4). This unique developmental cycle is 

a characteristic of all Chlamydia species such as the human pathogens C. trachomatis, C. 

pneumoniae, and C. psittaci, but also related species that infect animals(1). 

Outside the host cell, the EB is protected by its rigid membrane that is for 60% composed of 

major outer membrane protein (MOMP). MOMP is a protein that is involved in maintaining 

rigidity of the chlamydial membrane, attachment to the human epithelial cell, and functions 

as a pore to provide Chlamydia with nutrients once the bacteria has entered the human 
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cell(5-7). MOMP and the ompA gene coding this protein are used to classify Chlamydia 

trachomatis into respectively serovars and genovars, variants within the C. trachomatis 

species. Different variants can cause different infections. Serovar A-C cause ocular C. 

trachomatis infections, whereas D-K cause urogenital infections and serovar L1-L3 cause 

lymphogranuloma venereum (LGV) and proctocolitis in men(8-10). Naturally, since C. 

trachomatis infections are sexually transmitted infections (STIs) the transmission of the 

bacterium is most commonly through sexual intercourse with mucosal contact. But also 

transmission of the urogenital serovars from genital-to-eye by hands and during birth are 

described. Ocular infections of the A-C serovars are transmitted via flies, from eye-to-eye 

by fingers, and by sharing towels and clothes(8). 

Released EBs

Infectious EB
attaches and enters

EB to  RB
differentiation

RB to  EB
differentiation

Endosome

Persistent
form

Reactivation

EB accumulation

Inclusion
exocytosis

RB association
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rh 21rh 2
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40–48 hr

RB fission and
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Figure 1. C. trachomatis infection and life-cycle. The metabolically inactive but infectious EB is taken up by the 
mucosal epithelial cell in an endosomal inclusion. Within the inclusion the EB transforms into a metabolically active 
RB that multiplies rapidly. Within 48 hours the RBs transform back into infective EBs and are discharged from the 
endosome to the extracellular environment. EB: elementary body. RB: reticulate body. Figure from: Immunology of 
Chlamydia infection: implications for a Chlamydia trachomatis vaccine. Robert C. Brunham & José Rey-Ladino. Nature 
Reviews Immunology 5, 149-161 (February 2005) 
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2. Immunological response to C. trachomatis infection 
When a pathogen enters the human body, the innate immune system is the first one to 

react. The innate immune system is a general and non-specific defense against pathogens. 

Neutrophils, macrophages, dendritic cells and natural killer cells are the key elements of 

the innate immunity. Besides white blood cells, also epithelial cells are of great importance 

in the early response to infection. Cells of the innate immune system possess pathogen 

recognition receptors (PRRs) bound on the cell surface and located intracellularly. PRRs 

recognize pathogen-associated molecular patterns (PAMPs) on the cell surface of foreign 

organisms. When a PRR binds to a PAMP an intracellular signal transduction cascade that 

induces production of pro-inflammatory cytokines and chemokines is initiated(11, 12). In 

case of a urogenital C. trachomatis infection, the epithelial cells of the urogenital tract are 

the first line of defense. When PRRs of the epithelial cells bind to the bacterium, pro-inflam-

matory chemokines are produced which induce migration of circulatory innate immune 

cells to the site of infection. Neutrophils, macrophages and dendritic cells also recognize 

the pathogen, ingest it by phagocytosis and destroy it within the cell. Natural killer cells 

destroy the human cells that are already infected by the intracellular bacterium directly by 

cytolysis. Dendritic cells and macrophages are antigen presenting cells (APCs) and express 

major histocompatibility complex (MHC) proteins on their surface. By presenting digested 

particles of C. trachomatis on the MHC proteins on their cell surface, these APCs are able 

to activate the second line of defense; the acquired immune system(13).

This so called acquired immune system or adaptive immune system is a specific defense 

mechanism which develops after the first contact with a pathogen. Induced by a first contact 

with a pathogen, it responds rather slowly, however, it initiates memory against that pathogen 

which enables a quick immune response following a re-infection. The acquired immunity 

consists of the humeral response and the cellular response. The humeral response consists 

of B lymphocytes activated by APCs that become antibody producing plasma cells. The anti-

bodies or immunoglobulins (Ig’s) that are formed are pathogen specific and can neutralize or 

opsonize the pathogen. Several types of Ig’s (IgA, IgD, IgE, IgG, IgM) are produced in different 

stages of infection. IgG is known for providing long-term memory against a pathogen and 

provides the majority of antibody based immunity(14). The activated B lymphocytes also 

serve as APCs to activate T lymphocytes. The cellular immune response is formed by 

T cells that are activated by APCs from the innate immune system or B lymphocytes. It 

consist of T helper (Th) cells that stimulate the cellular response (Th1) or humeral response 
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(Th2), cytotoxic T cells that destroy infected human cells, and T suppressor cells that are 

crucial in the negative feedback mechanism of the immune response in order to prevent 

hyper-inflammation and excessive levels of host damage(13). Proliferation of the acquired 

immune system takes about two weeks after a first encounter with a pathogen. Memory has 

formed by the time of re-infection and the pathogen will be killed within days(14). When C. 

trachomatis has invaded the genital tissue and is presented by APCs from the innate immune 

system, the acquired immune system proliferates, pathogen specific Ig’s are formed and 

invaded host cells will be destroyed by T cells and innate immunity cells. A normal immune 

response is essential to clear the C. trachomatis bacterium and to prevent the infection 

from ascending to the upper genital tract. However, a subset of infected women develop 

a long-lasting infection which increases their risk for development of late sequelae(15-17).

3. Epidemiology of C. trachomatis infections
Chlamydia is the most prevalent curable STI worldwide: WHO estimated 130.9 million new 

cases in 2012. And within men and women between the age of 15-49 years, 4.2% and 

2.7%, respectively, had a C. trachomatis infection in that year(18). In developed countries C. 

trachomatis infections are most common in young heterosexual adults in the age group of 

15-24 years. This age group accounts for almost two thirds (63%) of cases in Europe and 

the United States(19, 20). Other risk groups are men who have sex with men (MSM) and sex 

workers. In the Netherlands the estimated population prevalence of C. trachomatis infections 

in the age group of 16-29 years is 2.7%(21). In 2017 a total of 21,404 chlamydia infections 

were diagnosed in STI clinics and in general practice in 2016 the number of infections was 

estimated at 36,600. In STI clinics 15.4% of women and 18.3% of men tested positive for 

C. trachomatis in 2017 (figure 2.). Obviously the prevalence of C. trachomatis infections is 

higher in STI clinics due to targeted screening of high risk patients and patients seeking help 

because of complaints or notifications from their sex partner(s). Also, in the Netherlands, 

the highest prevalence of infection is found in young adults under the age of 25. This age 

group accounts for 64% of all cases in the Netherlands. Women and men in the age group 

of 15-19 year who were tested in an STI clinic had high chlamydia positivity rates of 23.3% 

and 23.5%, respectively. There is an increasing trend in the chlamydia positivity rate among 

heterosexual men, from 10.6% in 2008 to 18.3% in 2017 (18.0% in 2016). Among women, 

the positivity rate also increased in the same period but remained stable in 2017 (15.4%) 

compared to 2016 (15.3%).The increase of reported infections in the Netherlands is due to 

a stronger focus on high risk groups and patients with symptoms(22). Increase of positivity 
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in tested patients over the last 20 years has also occurred in other European countries and 

the US(19, 20). Also seroprevalence provides an important insight in the amount of people in 

the population that has ever had a C. trachomatis infection. Within the Netherlands, 9.8% of 

women and 5.7% of men between the age of 15-39 years ever had a chlamydia infection(23). 

In the United Kingdom, the seroprevalence rates are described as much higher: 24.4% in 

women and 13.9% in men in age group 16-44 years)(24). 
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Figure 2. Total number of tests and positivity rate of chlamydia by gender and type of sexual contact, 2008-2017. 
MSM: men who have sex with men. Figure from: Sexually transmitted infections in the Netherlands in 2017. 
National Institute for Public Health and the Environment (RIVM), The Netherlands.

4. Clinical manifestations of a Chlamydia trachomatis infection
Urogenital infections

In women, urogenital C. trachomatis can cause a broad variety of infections such as cervici-

tis, urethritis and bartholinitis. If present, clinical features of a urogenital tract infection can 

be vaginal discharge, postcoital bleeding and dysuria. However 70-80% of women with a C. 

trachomatis infection are asymptomatic(25, 26). If the C. trachomatis infection ascends to the 

upper genital tract it can lead to severe complications such as pelvic inflammatory disease 

(PID), chronic pelvic pain, ectopic pregnancy, and tubal factor infertility (TFI). PID involves 

any combination of endometritis, salpingitis, tubo-ovarian abscesses, and peritonitis(27), 

and is often diagnosed based on clinical features and laboratory test results instead of 

invasive diagnostics, such as laparoscopy. Chlamydia-induced PID is difficult to diagnose 

since many cases are asymptomatic or subclinical. Clinical features may be lower abdominal 
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or pelvic pain, vaginal discharge, intermenstrual and postcoital bleeding, and painful vaginal 

examination(28, 29). PID can lead to tissue scarring and obstruction of the fallopian tubes 

which can cause ectopic pregnancy or TFI(30).

In men, urogenital C. trachomatis infections can cause urethritis, epididymitis, epididy-

mo-orchitis, prostatitis, and seminal vesiculitis. Only 50% of men have clinical symptoms 

such as dysuria, urethral discharge, testicular tenderness, and scrotal swelling(31). The role 

of chlamydia infections in male infertility is still controversial. Studies show that semen 

production and quality may be negatively influenced during a C. trachomatis infection but 

post-infectious effects on fertility in men remain unclear(32).

Lymphogranuloma venereum (LGV) is a more invasive chlamydial infection and is found 

most frequently in tropical and subtropical areas of the world in both men and women, but 

since 2003, this infection has been increasingly reported in developed countries in MSM, 

predominantly in HIV positive men(33, 34). In western countries LGV infections in women 

are rare. In (sub)tropical areas LGV mostly manifests as the classic form of disease with 

genital ulcers and painful inguinal lymphadenopathy, whereas in Western countries most 

men infected with LGV present with proctitis(33, 35).

Anorectal infections

Anorectal infections caused by C. trachomatis serovar A-K occur in both women and 

MSM(36). It results from direct inoculation of the rectum in either men or women through 

receptive anal intercourse but can also be caused by secondary spread of genital secretions 

in women. Anorectal infections next to urogenital infections are common, even in women 

who don’t report anal sex(37). Many patients with an anorectal C. trachomatis infection are 

asymptomatic. Symptoms of anorectal infection or proctitis are anal pruritus, pain, and 

mucous rectal discharge(38). Proctitis caused by LGV occurs mainly in MSM in developed 

countries(39).

Non-urogenital infections

Trachoma is an eye infection that is caused by serovar A-C. It is a common eye disease in 

sub-Saharan Africa and can cause scarring of the eyelids and blindness when it remains 

untreated(40). Urogenital serovars (D-K) can also infect the eye, leading to conjunctivitis. 

Unlike trachoma, this inclusion conjunctivitis is resolved mostly without complications. In 
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over half of the patients with conjunctivitis caused by serovar D-K, a urogenital C. trachomatis 

infection is present(41). This may be due to auto-inoculation. Therefore, testing and treatment 

of concurrent (asymptomatic) urogenital infection should be contemplated when treating 

a patient with ocular C. trachomatis infections. The risk of transmission of a urogenital C. 

trachomatis infection from the mother to her child during labor is 60-70%. In neonates, C. 

trachomatis can cause ocular infections and pneumonia(42).

5. Detection and treatment of infection
Since C. trachomatis is an intracellular bacterium, it cannot be cultured on a blood plate. 

Culture of C. trachomatis is laborious and replication of the bacterium within culture is slow 

compared to non-intracellular bacteria and has a high failure rate. Therefore, detection of C. 

trachomatis infections is done with a nucleic acid amplification test (NAAT) on cervical swab 

or urine specimens. NAAT is a fast and reliable diagnostic tool for the detection of current 

infections and is based on the detection of DNA of the bacterium by polymerase chain 

reaction (PCR)(43). Because of the slow natural clearance rate, a C. trachomatis infection 

antibiotic treatment is required to prevent severe tissue damage. According to the European 

guidelines the treatment of uncomplicated urogenital, (non-LGV) rectal, and pharyngeal 

C. trachomatis infections is oral treatment with either azithromycin 1 gram in one gift or 

doxycycline 100 mg twice a day for seven days. Doxycycline is contraindicated in pregnant 

women and women who breastfeed (44). A complicated urogenital infection, based on 

lower abdominal pain, painful vaginal examination, and fever, needs to be treated with oral 

ofloxacine 400 mg and metronidazole 500 mg twice a day for two weeks. 

6. Factors that influence the course of infection
The course of a urogenital C. trachomatis infection and development of complications is 

influenced by host factors, pathogen factors, epidemiological factors, and immunological 

factors(45). Studies show that different chlamydial serovars are detected in different patient 

groups. For example, serovar D and I are more prevalent in asymptomatic women and 

serovar G is associated with symptomatic infections(46). Also serovar D and E urogenital 

infections cause the highest immune responses in women(47, 48). It is suggested that 

variance in chlamydial genotypes influence the ability of ascending of the infection and 

survival of the organism in the upper genital tract. Also polymorphism of genes that encode 

for virulence factors influence the host immune response to the bacterium(45). However, 

it should be kept in mind that these findings have not been consequently found in different 
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studies, possibly due difference in study design and difference in ethnicity, age and coinfec-

tions in the study populations. Therefore it may not be appropriate to draw fast conclusions 

from these data. Also, many genital tract infection studies have been done in murine models 

with C. trachomatis mouse strains which are more pathogenic to the mouse genital tract 

than human strains are to the human genital tract(49). Studies showed that the majority 

of untreated infections with C. trachomatis are persistent in both men and women, even 

after extended periods of time(50, 51). 45% of women who have an urogenital infection 

clear it within one year without treatment(52). 80% has cleared the infection within 2 years 

and 94% has cleared in 4 years(51, 53). Immunological factors are clearly critical in the 

response to infection and its outcome and are possibly the major determinants in whether 

an infection is cleared or will result in pathology. Several studies have shown that certain 

pro-inflammatory cytokines are increased in endocervical secretions of women with C. 

trachomatis infections compared to women without infection(54-56). Also, cervical IgG 

titers directed against chlamydial heat shock protein 60 (cHSP60) are found to be higher 

in recurrent infections than in primary infections(55). Furthermore, pathogen recognition 

receptors (PRRs) are upregulated on cervical monocytes when stimulated with EBs(57). 

So the immune system in the urogenital tract responds to a C. trachomatis infection by 

upregulation of cytokines, PRRs, and excretion of immunoglobulins in order to eradicate the 

bacterium from the body. However, upregulations of certain cytokines by the innate immune 

system and subsequent proliferation of Th1 lymphocytes results not only in cytotoxic 

response that is needed to resolve an infection but also in tissue pathology and sequelae 

when the Th1 response is imbalanced. This hypothesis is called the cellular paradigm in C. 

trachomatis pathogenesis(58). How the Th1 profile results in either clearance or pathology 

is not yet well understood. Epidemiological factors are also associated with chlamydial 

infections and infertility. Repeat infections are a substantial proportion of C. trachomatis 

infections detected annually. Reinfections of C. trachomatis are known to increase the risk 

of PID and ectopic pregnancy(59). However, it should be kept in mind that reinfections are 

not the only cause of tubal factor infertility. A study in the United Kingdom showed that the 

reinfection-rate in a general practice setting was 29.9% in the age group 16-24 years(60). 

Reinfection may be due to the host susceptibility of getting infected (immunologic factors), 

treatment failure of the hosts or their partners, and sexual behavior of the patients. It should 

be kept in mind that PCR detection methods for C. trachomatis may also detect residual 

DNA from dead bacteria, causing a false positive result for reinfection. A hypothesis that 

is increasingly stated by professionals in the chlamydial field is that, due to an increase in 
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chlamydia screening and subsequent early detection and treatment of urogenital infections, 

the development of natural immunity is impaired, which leads to an increase in repeat 

infections. This so-called arrested-immunity hypothesis states that repeat infections and 

pathological sequelae are less likely to occur in women who have protective immunity from 

a naturally resolved infection(61). A common co-infection with C. trachomatis is Neisseria 

gonorrhoeae. Even though this co-infection occurs in 4.4% of women who test positive 

for C. trachomatis in the STI clinic, there is no clear evidence yet that the combination 

of the two pathogens would lead to more TFI than C. trachomatis infections alone(22). 

However, it is known that these two pathogens are the most common cause of PID and that 

a co-infection of C. trachomatis and N. gonorrhoeae elongates time to treatment compared 

to a N. gonorrhoeae mono-infection(17, 62). Patients with bacterial vaginoses who recently 

had sexual contact with a C. trachomatis infected male have an odds ratio (OR) of 3.4 of 

testing positive for chlamydial infection compared to women with normal vaginal flora. The 

presence of H2O2-producing lactobacilli in the vagina is protective against acquisition of 

infection(63). Bacterial vaginosis during a C. trachomatis infection increases the risk of PID 

and thus subsequent infertility(64). 

Younger age is a risk factor in the likelihood of acquiring a C. trachomatis infection and PID 

rates are higher in adult (>20 years) women, likely due to the amount of sexual partners 

that increases with age(29, 65). Also oral contraceptive use is a risk factor for infection. A 

younger age at first coitus, a higher number of sexual partners, and a self-reported history 

of STI have been associated with TFI(45, 66). However, a recently published large Dutch 

cohort study showed that a younger age at first C. trachomatis infection was the only risk 

factor for TFI in their univariate analyses(67).

It has been shown that black women are more prone to development of TFI, which strongly 

suggests that genetic predisposition plays a role in getting infected with C. trachomatis and 

the development of sequelae(68). A previous twin study showed that almost 40% of the 

variation of the clinical course of C. trachomatis infection and its outcome is determined 

by the genotype of the host (figure 3)(69). Even though the finding of almost 40% was not 

statistically significant, other studies showed that the development of C. trachomatis-related 

infertility in some women may be contributed to a genotypic predisposition. For example, 

variations of the Toll-like receptor (TLR) 2, which is a PRR on the human cell surface and is 

essential for the recognition of the C. trachomatis bacterium, have a protective role against 
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TFI. Single nucleotide polymorphisms (SNPs) of TLR2 are found more frequently in patients 

without TFI who have a history of C. trachomatis infections compared to patients with 

TFI(70). More knowledge of SNPs that influence the outcome of infection is of great impor-

tance and will be of high value in the identification of women with chlamydia induced TFI.

Figure 3. Summary of host, pathogen, immunological and epidemiological factors that influence the course and 
outcome of C. trachomatis infection in women. Figure from: Human and Pathogen Factors Associated with Chlamydia 
trachomatis-Related Infertility in Women. Menon et.al. Clin Microbiol Rev 28, 969-85 (October 2015) 

7. Prevalence of complications
Despite the clear international data about the prevalence of C. trachomatis infection, data 

about occurrence of complications are limited. This is partly due to the fact that PID is a 

clinical diagnosis based on poorly defined criteria of symptoms, which can make PID difficult 

to diagnose and easily missed(27). Also, a large proportion of PID cases are asymptomatic 

(11%) or subclinical (66%) and these patients often do not seek medical help(71). It should 

also be noted that PID is not exclusively caused by C. trachomatis: about 30–40% of PID 

cases are C. trachomatis PCR-positive(72). Also Neisseria gonorrhea is a known pathogen for 
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PID. The National Health Service (NHS) of the United Kingdom has estimated a PID incidence 

of 2.5% per year. Almost 63% of PID episodes are in women aged over 24 years(29). Based 

on several prospective studies and randomized controlled trials, it is estimated that the 

probability that an untreated C. trachomatis infection will cause clinical PID is 0.16(73). A 

large population-based cohort study that analyzed data from women aged 15-44 years 

between 1992-2011 found that at least one positive C. trachomatis test increased the risk 

of PID, ectopic pregnancy and TFI with 30%. This risk remained throughout all the years of 

follow-up, which is much longer than the estimated duration of a urogenital C. trachomatis 

infection. This study showed a cumulative incidence of PID of 3.1% in women who at least 

once tested positive, 2.5% in C. trachomatis negative women, and 0.6% in women who were 

never tested for urogenital infections. The cumulative incidence for TFI was 0.6%, 0.5% and 

0.1% respectively. There is a 1.37 times higher risk for TFI in women who test positive for 

C. trachomatis infections at least once, compared to women who never tested positive(74). 

Based on UK infertility surveys, the prevalence of TFI in women aged 44 years was 1.1%and 

an estimated 29-45% of TFI cases is attributable to C. trachomatis infections(75). Every 1000 

CT infections in women aged 16–44 years, on average, gives rise to approximately 171 epi-

sodes of PID, 2.0 ectopic pregnancies and 5.1 women with TFI at age of 44 years(29). Even 

though 0.5-1.4% of the urogenital C. trachomatis infections may result in TFI, the significance 

of this complication should not be underestimated considering the high prevalence of this 

STI worldwide(29, 76). The highest impact and disease burden of a urogenital C. trachomatis 

infection may be TFI since childlessness can influence the psychological well-being of the 

concerning couple. TFI also has its economic impact because the psychological problems 

that occur often lead to absenteeism, and the diagnostics of TFI and the in vitro fertilization 

(IVF) treatments are very money and time consuming. Therefore, it is not only of great 

importance to prevent and detect urogenital C. trachomatis infections, but also to detect 

women with TFI such that the accurate treatment can be offered without losing time and 

waiting money.

8. Clinical approach to tubal factor infertility
With only a 20% monthly chance of conceiving after unprotected intercourse, humans are 

fairly infertile mammals, especially compared to rabbits who have a 90% chance of conceiv-

ing after intercourse(77, 78). Infertility is defined as 1 year of unwanted non-conception with 

unprotected intercourse in the fertile phase of the menstrual cycles(78). Eighty percent of 

pregnancies occur in the first six cycles with intercourse in the fertile phase. Fifty percent 
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of the women with unsuccessful cycles during the first six months will conceive during the 

second half of that year. So 90% of women who try to conceive will become pregnant within 

the first year(79). In 2010, the WHO estimated a global infertility rate of 1.9-10.5%. These find-

ings suggest that in 2010, an estimated 48.5 million couples worldwide were unable to have 

a child after five years(80). In the Netherlands, one-third of infertility is due to male factors 

(semen quality), one-third is due to female factors (anovulation, tuboperitoneal factors), and 

one-third is unexplained (normal test results). Within developed countries 10-30% of these 

female factors are tuboperitoneal problems, whereas in developing countries 85% of female 

factor infertility is due to TFI(81). Tuboperitoneal disease can clinically be diagnosed by 

hysterosalpingography (HSG) or laparoscopy. Laparoscopy is considered to be the reference 

test for diagnosing TFI but it is an invasive and expensive procedure that has to be performed 

under general anesthesia, and it bears a risk of rare but serious complications such as 

intra-abdominal perforation and bleeding. HSG is a less invasive procedure that is more 

commonly used for tubal patency testing due to its lower costs. However, sensitivity and 

specificity of HSG for TFI are respectively between 62-75 and 74-91(82), and adhesions 

around the fallopian tubes that can influence fertility cannot be visualized with HSG(83). 

Many studies have shown that patients with C. trachomatis antibodies have a higher risk for 

TFI and higher titers are found to correlate with TFI(84, 85). Infertile women with positive C. 

trachomatis serology had a higher rate of tubal damage than infertile women with negative 

serology (85.7% vs. 48.9%)(86). Also positive C. trachomatis IgG serology was associated 

with a statistically significant 33% lower probability of an ongoing pregnancy in women 

without visual tubal pathology(87). Fertility clinics in the Netherlands use chlamydia IgG 

antibody testing (CAT) as a screening test prior to tubal patency testing. In high risk patients, 

TFI laparoscopy is considered, whereas in low-risk patients less invasive procedures (as 

HSG) or no additional testing is performed(88).  

9. Chlamydia antibody tests 
In the late 70’s and early 80’s Scandinavian researchers found elevated levels in serum of 

C. trachomatis IgG antibodies in women with PID or infertility due to distal occlusion of the 

fallopian tubes(84, 89). They found the height of the microimmunofluorescence (MIF) test 

titers to correlate with the severity of tubal inflammation and duration of lower abdominal 

pain during PID(90). Others have confirmed that high titers of chlamydial antibodies were 

found more frequently in women with TFI compared to pregnant women or infertile women 

with a normal HSG or normal laparoscopy findings(84, 91-93). It was also found that patients 
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with distal occlusions of the fallopian tubes had a higher prevalence of C. trachomatis IgG 

antibodies than women with peritubal adhesions(91). Since the presence of chlamydia 

antibodies was associated with the presence of tubal disease in infertile women, it was 

suggested to introduce the serological test for C. trachomatis as part of a routine infertility 

investigation in clinical settings. Since the association between C. trachomatis antibodies 

and TFI was found, CAT has been used in the Netherlands in the fertility work-up as a 

risk screening test for TFI. Initially, the MIF test was developed for the classification of C. 

trachomatis serotypes in epidemiological studies(94). The MIF test has been considered as 

the gold standard for the detection of C. trachomatis infection and has a broad spectrum 

of antigens from EB’s of 15 serotypes of C. trachomatis that were included in the test. This 

made serotype-specific testing possible. These serovar specific immune responses have 

also been studied in murine models. Serovar D showed, for instance, to induce higher titers 

of IgG antibodies than serovar H in such murine model. Also, infections with serovar D were 

more virulent and lasted longer(95). Later on, since preparation of a test of 15 antigens made 

the test technically difficult, the number of antigens in the MIF was reduced by pooling of 

antigens of epidemiological related serotypes (A-C, D-K and L1-L3) or by using the broadly 

reaction serotype L2. Even though the MIF performed well in the detection of C. trachoma-

tis antibodies, cross-reactivity with Chlamydia pneumoniae occurred. To overcome this, 

species-specific MIF tests were developed. Nevertheless, two major disadvantages of the 

MIF remained: the labor intensiveness and the inter-laboratory variation. The reading of the 

MIF test is very observer dependent(96). To overcome these drawbacks, the enzyme-linked 

immunosorbent assay (ELISA) tests have been developed(97). ELISA tests are character-

ized by high throughput, objective endpoints, technical accessibility, and are commercially 

available. The first generations of C. trachomatis ELISAs were not species-specific since C. 

trachomatis lipopolysaccharides (LPS) were used to detect antibodies. LPS is a genus-spe-

cific epitope, thus ELISAs based on LPS cannot discriminate C. trachomatis antibodies 

from C. pneumoniae or C. psittaci antibodies. Also cross reactivity between antibodies 

directed against C. trachomatis LPS and Escherichia coli, Acinetobacter calcoaceticus and 

several Salmonella strains have been described(98, 99). Therefor careful consideration and 

interpretation of serology results for Chlamydia species based on LPS ELISA is required. 

In the newer C. trachomatis ELISAs cross-reactivity is less a problem. However Land et al. 

evaluated five chlamydia antibody tests and found that cross-reactivity with C. pneumoniae 

antibodies was present in all CAT tests evaluated, except in pELISA Medac(100). This pELISA 

1



22

CHAPTER 1

is based on peptides of the species-specific epitopes of the major outer membrane protein 

(omp-1)(98, 100). 

In the fertility clinic ELISA tests generally use recombinant peptides of the C. trachomatis 

MOMP. Several studies have compared the performance of MIF with ELISA in general and 

for the prediction of TFI. Sensitivity and specificity of MIF for the prediction of TFI varied 

between 44%-91% and 30%-95%, respectively. For ELISA this was 23%-69% and 62%-100%(5, 

100, 101). Comparison of the performance of several MIF and ELISA tests for the prediction 

of TFI showed that MIF is superior to ELISA and the Medac p-ELISA (Medac GmbH, Wedel, 

Germany) has a better prediction for TFI than other C. trachomatis ELISA tests(100). The 

positive predictive value (PPV) for TFI of CAT ranges between 29%-60% and the negative pre-

dictive value is between 62%-93%(100, 102). In many studies, improvement of the predictive 

value of CAT is researched. For example, presence of slightly elevated levels of C-reactive 

protein (CRP), as a marker of chronic low-grade infection, might indicate an elevated risk 

for TFI and might thus contribute to the predictive value of a positive CAT for TFI(103). One 

of the chapters of this thesis addresses the possible role of CRP for increasing the positive 

predictive value (PPV) of the CAT. Also, presence of anti-chlamydial IgG and IgA in vaginal 

mucosa has been researched as potential predictors for TFI. Presence of anti-chlamydial 

IgA in swabs might be suggestive for TFI, but this was found in a small study population 

only(104). A promising method for improvement of the predictive value of the CAT for TFI is 

the multi-target C. trachomatis IgG ELISA and immunoblot, developed by Mikrogen. These 

tests can detect C. trachomatis antibodies directed against MOMP, TARP, CPAF, cHSP60 

and OMP2. As explained previously, MOMP is an immunodominant antigen that is crucial for 

replication and survival of the bacterium(5-7). Translocated actin-recruiting phosphoprotein 

(TARP) is a protein that plays a key role in the internalization of chlamydia into the epithelial 

cell. After the chlamydial cell attaches to the human cell, TARP is transported into the 

human cell and recruits actin to the chlamydial binding site to facilitate internalization of 

the bacterium(105). Chlamydial protease-like activity factor (CPAF) has been described as 

an immunodominant protein that is released into the cytosol of the human cell to maintain 

the infection and survival of the bacterium inside the epithelial cell(106). TARP and CPAF are 

transcribed from genes that are associated with virulence. They are commonly expressed 

during C. trachomatis infection and are epitopes for antibodies. Chlamydia heat shock 

protein60 (cHSP60) is a Chlamydia genus-specific protein, serving as a strong antigenic 

target for the immune system. Heat shock proteins are intracellular proteins in prokaryotic 
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and eukaryotic cells that are upregulated when the cell experiences stress(107). It has been 

hypothesized that when antibodies directed against chlamydia HSP60 are formed, they 

may cross-react with human HSP60 expressed on the cell surface of stressed fallopian 

tube cells and an immune response directed against the fallopian tubes may occur which 

leads to TFI(15, 108). Also, heat shock proteins are associated with chronic inflammation 

and may therefore be a good predictor for the risk of TFI(45). Previous studies have revealed 

a strong association of anti-C. trachomatis and anti-HSP60 antibodies with TFI, but in a 

more heterogenic population the prediction of cHSP60 for TFI was not statistically signif-

icant anymore(109, 110). Also, the combination of an anti-cHSP60 test and a CAT did not 

significantly increase the prediction for TFI(111). A novel ELISA that detects IgG antibodies 

directed against chlamydial plasmid gene product 3(Pgp3) has a 14% higher sensitivity for 

C. trachomatis IgG antibodies than MOMP ELISA’s such as the Medac ELISA. These results 

were found in female patients who visited a sexual health department in England(112). 

Pgp3 is transcribed from the highly conserved C. trachomatis plasmid and has been found 

to be highly immunogenic. Pgp3 has not been found in human C. pneumonia isolates and 

antibodies to Pgp3 do not cross react with C. pneumonia proteins. Also after a C. trachomatis 

infection Pgp3 antibodies are present in serum for at least 12 years in 96% of women(113). 

The higher sensitivity of the anti-Pgp3 ELISA might be promising for improvement of the 

predictive value of the CAT for TFI. Unfortunately, this has not been researched since the 

Pgp3 IgG ELISA is not commercially available yet.

The research for improvement of C. trachomatis antibody testing for the prediction of TFI has 

not achieved its goals yet. The ultimate goal would be a serological test that allows clinicians 

to diagnose TFI with high accuracy. Such test would improve the velocity of diagnosing TFI 

and reduce the time until treatment. This thesis aims to improve the prediction of TFI, based 

not only on CAT but also on clinical patient factors and CRP in serum. 
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10. Aims and outline of this thesis
This thesis aims to contribute to the quest for a more accurate prediction for TFI in the 

fertility work-up. In this thesis, different serological C. trachomatis antibody tests have been 

compared and evaluated within a population of infertile women, with and without TFI. Also, 

the additional value of CRP as a marker for low-grade persisting inflammation has been 

evaluated.

The introduction of this thesis, Chapter 1, provides a general overview of Chlamydia tra-

chomatis from a biological, clinical and epidemiological point of view and emphasizes the 

importance of the work that has been done in the chlamydia-research field. 

Chapter 2 Chlamydia trachomatis antibody detection in home-collected blood samples for 

use in epidemiological studies. 

This chapter evaluates the stability of C. trachomatis antibodies in home-collected blood 

samples after they have been analyzed 2 hours, four days and seven days after sampling.

Chapter 3 Performance of the multi-target Mikrogen Chlamydia trachomatis IgG ELISA in the 

prediction of tubal factor infertility (TFI) in subfertile women. 

In this chapter, the predictive value of the new multi-target Mikrogen ELISA is compared with 

the currently most frequently used mono-target Medac pELISA in a group of infertile women 

who have undergone tubal patency testing with either laparoscopy or HSG.

Chapter 4 Comparison of the Mikrogen multi-target ELISA with the Mikrogen recomLine 

immunoblot for in the detection of Chlamydia trachomatis IgG antibodies in serum in infertile 

women. 

This chapter compares the performance of the Mikrogen ELISA with the Mikrogen immuno-

blot. Also their PPV and NPV are investigated in a cohort of subfertile women who underwent 

tubal patency testing. 

Chapter 5 Predictive value of individual Chlamydia trachomatis IgG antibodies MOMP, TARP, 

CPAF, OMP2 and HSP60 for tubal factor infertility. 

The individual predictive values for TFI of five antibodies detected with Mikrogen immunoblot 

are analyzed in this chapter. Also, a new algorithm is developed based on the combination 
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of antibodies with a high clinical predictive value in order to improve the predictive value for 

TFI of the Mikrogen CT IgG immunoblot.

Chapter 6 C-reactive protein as a marker of persistent Chlamydia trachomatis infection is not 

associated with tubal factor infertility - an independent clinical validation study. 

In this chapter, the additional value of slightly elevated CRP, as a marker of low-grade 

persistent inflammation, is explored to improve the predictive value for TFI in CAT positive 

infertile women.

Chapter 7 Development of a prediction model for tubal factor infertility based on patient 

characteristics, medical data and chlamydia antibody test results. 

In this chapter, we developed two prediction models for the prediction of any tuboperitoneal 

abnormalities and for the prediction of severe TFI, based on CAT results and clinical patient 

characteristics from medical history and physical examination.

The general discussion of this thesis is provided in chapter 8. In this final chapter the results 

of previous chapters are summarized and combined. The discussion reviews different 

approaches to improvement of the prediction of TFI based on both serological and clinical 

factors, and draws future perspectives for subsequent research.
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CHAPTER 2

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.

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 self-reported 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).
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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. 2
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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 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 concentra-

tion <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. 
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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 meas-

urements, raw data (including upper and lower agreement limits) were log transformed for 

use in Bland Altman plots (18).

2
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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 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 agree-

ment: 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 
sample (t0)

Positive Grey-zone Negative Total Positive Grey-zone Negative Total

Positive 13 (100.0) 0 (0.0) 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

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

 N
True 

positive (n)
False 

positive
True 

negative
False 

negative
PPV
(%)

NPV
(%)

Sensitivity
(%)

Specificity
(%)

t1 30 17 1 12 0 94 100 100 92

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.
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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. 

2



42

CHAPTER 2

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 sepa-

ration 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).

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 partic-

ipation 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 3

Abstract

Background: There is a need for more accurate Chlamydia trachomatis (CT) IgG antibody 

tests for tubal factor infertility (TFI) diagnostics. We evaluated the predictive value for TFI of 

Medac ELISA plus (MOMP) and multi-target Mikrogen ELISA (MOMP-CPAF-TARP).

Method: Based on Medac ELISA plus results 183 subfertile women underwent either hys-

terosalpingography (HSG) or laparoscopy to diagnose TFI. TFI was defined as extensive 

adhesions and/or distal occlusion of at least one tube. Women not fulfilling the definition 

of TFI served as controls. Serum was subsequently tested with Mikrogen ELISA and results 

were compared.

Results: 48 patients had TFI, 135 were controls. Mikrogen ELISA tested 125 patients positive/

borderline of which 32% had TFI. Medac ELISA plus tested 77 patients positive/borderline of 

which 29.9% had TFI. Mikrogen tested 40 out of 48 TFI patients positive/borderline, Medac 

23 out of 48. Kappa value was 0.34. PPV of Mikrogen ELISA and Medac ELISA plus were 

respectively 32% (95%CI 26-39%) and 30% (95%CI 24-37%), and NPV 86% (95%CI 81-91%) 

and 76% (95%CI 70-82%).

Conclusion: Both tests were comparable in the prediction of TFI. However, Mikrogen ELISA 

had a higher NPV and might be more reliable in identifying patients without TFI. Kappa-value 

showed limited concordance between both tests.
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Introduction

Over 80% of Chlamydia trachomatis (CT) infections in women run an asymptomatic course 

and thus will most likely not be treated (1). Untreated CT infections can lead to severe com-

plications (2, 3), such as pelvic inflammatory disease (PID), ectopic pregnancy, and tubal 

factor infertility (TFI) (4, 5). It has been estimated that 6.7% of 35 year old women who at 

least once tested positive for CT will develop TFI (6). Patients who are repeatedly exposed 

to CT, for example in persistent infection or re-infection, have a higher risk of developing 

tissue damage in the upper genital tract (7, 8).

The pathogenesis of CT infection and its sequelae is multifactorial and determined by 

interactions between pathogen, host, and (local) environmental factors (e.g. co-infections). 

Chlamydial antigens and bacterial load, the cytokine profile during infection, HLA subtypes 

and other host genetic factors are all determinants in the outcome of a CT infection (9-11). 

Cellular host responses triggered by CT infection contribute to both protective immunity and 

pathogenesis. Tissue damage of the upper genital tract emerges when the cell-mediated 

immune reaction persists for long or when a hypersensitivity response arises after infection 

(7, 12). As a result of an (over)acting adaptive immune system, persisting species-specific 

IgG antibodies are formed. Antibodies against CT are more frequently found in women 

with tubal pathology as compared to women without tubal pathology (13-16). Therefore CT 

IgG antibody testing (CAT) has been introduced in the fertility work-up to screen subfertile 

women for their risk of TFI (17).

In the Netherlands, women with a positive CAT are considered at high risk for TFI and are 

offered a laparoscopy, considered the gold standard for diagnosing TFI (18). In case of TFI 

these women are referred for in vitro fertilization (IVF). In CAT negative women the risk of TFI 

is considered to be low and no invasive testing by laparoscopy is performed, but tubal status 

is assessed by hysterosalpingography (HSG). If HSG does not show any abnormalities, in 

most of these couples expectant management is proposed before IVF. The most frequently 

used test for CAT in the Netherlands is the species-specific ELISA plus from Medac (Medac 

GmbH, Wedel, Germany). The test accuracy of Medac ELISA plus for TFI however is not 

optimal. Up to 45% of women who are CAT positive do not have TFI at laparoscopy, while 

10-20% of women with a negative CAT do have tubal pathology (19). Therefore, the current 

fertility work-up leads to a considerable number of unnecessary invasive and expensive 
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procedures in CAT positive women without TFI or delayed IVF procedures in CAT negative 

women with TFI. There is an unmet clinical need for a serological test for a previous CT infec-

tion that can predict TFI more accurately, and the newly developed multi-target Mikrogen 

ELISA (Mikrogen GmbH, Neuried, Germany) might have more favorable test characteristics 

as compared to Medac ELISA plus.

MOMP is the immunodominant antigen of CT and Medac ELISA plus uses MOMP peptides 

to detect CT IgG antibodies. Mikrogen ELISA also contains MOMP antigens and two addi-

tional antigens, i.e. translocated actin-recruiting phosphoprotein (TARP) and Chlamydial 

protease-like activity factor (CPAF). TARP and CPAF are virulence factors that are expressed 

during CT infection and are likely epitopes for antibodies. In previous studies Medac pELISA 

was used for the prediction of TFI (20), while in this study all samples were tested by ELISA 

Medac plus. Medac pELISA and Medac ELISA plus both employ the same MOMP-peptide, 

but Medac ELISA plus has an added calibrator and uses a single-point quantification for titer 

quantification, based on a lot-specific calibration curve. According to Medac’s datasheets 

concordance between the tests is 99% (21).

In this study the predictive value for TFI of Medac ELISA plus is compared to Mikrogen ELISA. 

We hypothesized that Mikrogen ELISA might improve the diagnostic accuracy of CAT in 

patients with CT induced TFI, because Mikrogen ELISA detects, besides the MOMP target, 

antibodies directed against virulence factors of the C. trachomatis bacterium.
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Methods

Sample collection and definitions
The study was performed in Dutch Caucasian women who visited the fertility clinic of the 

University Medical Center Groningen (UMCG) between 2007 and 2013 because of subfertility 

(i.e. not having conceived after at least one year of unprotected intercourse). As part of the 

fertility work-up blood was drawn in all women and CAT (Medac ELISA plus) was determined. 

All spare sera were cryopreserved in -20 degrees Celsius. After excluding couples with severe 

male factor subfertility, CAT positive women were referred for laparoscopy with tubal testing. 

HSG was performed only in those CAT positive women who had a relative contraindication 

for laparoscopy (e.g. body mass index >35 kg/m2). In CAT negative women HSG was per-

formed, and when tubal occlusion or abdominal pockets was seen on HSG, patients were 

referred for laparoscopy to confirm the presence of TFI. In women with patent tubes on 

HSG, no additional testing was done because of the high negative predictive value of HSG 

(22). CAT negative women who were considered at high risk for TFI due to endometriosis 

(based on history, physical examination and/or findings at ultrasound) were referred for 

laparoscopy immediately. Only women with available CAT result and who had undergone 

HSG and/or laparoscopy were included in the present study. Patients who had undergone 

previous pelvic surgery (except for an uneventful appendectomy or Caesarean section) 

were excluded. No data had been systematically collected on previous sexually transmitted 

diseases and CT infections.

The 183 patients in this study were a selection of all CAT positives and TFI positives, and a 

selection of CAT negatives, TFI negatives, and patients without abnormal HSG out of 613 

consecutive subfertile patients. We chose a distribution of 1:2.5 for cases and controls. Tubal 

factor infertility (TFI) was defined as extensive adhesions and/or distal occlusion of at least 

one tube (23). Severe TFI (sTFI) was defined as bilateral extensive peri-adnexal adhesions 

and/or bilateral distal occlusions, and was thus a subgroup of the total TFI population of 

this study (24). Controls were selected such that they had no abnormalities on HSG and/or 

did not fulfill the definition of TFI at laparoscopy.

The study population and its subgroups are given in figure 1. Between 2007-2013 613 

couples visited the fertility center in the UMCG, and in 183 women CAT results by Medac 

CT IgG ELISA plus (Medac GmbH, Wedel, Germany) and findings at HSG and/or laparoscopy 
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were available. In 77 women CAT was positive, and in 106 CAT was negative, and these 183 

women are referred to as group 1. Within group 1 a subgroup was selected of 101 patients 

who had undergone laparoscopy and thus were proven TFI cases or controls. This subgroup 

of 101 patients is referred to as group 2 (Figure 1). Another 101 patients underwent HSG, and 

19 had an abnormal HSG and underwent laparoscopy, of whom 13 had TFI at laparoscopy. 

As fi gure 1 shows, in the total study population (group 1) 48 women were diagnosed as TFI 

(cases) and 135 women had no abnormalities on HSG or laparoscopy (controls). Within 

group 2, 48 patients had TFI and 53 patients had laparoscopically proven no TFI. In groups 

1 and 2 the serological test performance of CT IgG Mikrogen ELISA and CT IgG Medac 

ELISA plus were compared.

Intake
2007-2013

n = 613

CAT result and 
tubal evaluation

n = 183

CAT +
n = 77

CAT -
n = 106

Laparoscopy
n = 54

HSG normal
n = 16

Laparoscopy
n = 28

HSG
n= 23

TFI
n= 19

Controls
n= 35

TFI
n= 4

Controls
n= 3

Controls
n= 16

TFI
n= 16

Controls
n= 12

TFI total
n= 48

Controls total
n= 135

Laparoscopy
n = 54

Laparoscopy
n = 28

puorG
2

Gr
ou

p
2

CAT +
n = 77

CAT -
n = 106

Gr
ou

p
1

HSG abnormal
n = 7

Laparoscopy
n = 7

HSG normal
n = 66

HSG
n= 78

TFI
n= 9

Controls
n= 3

Controls
n= 66

HSG abnormal
n = 12

Laparoscopy
n = 12

Figure 1. Flowchart of the study population. Group 1 (red box) consists of 183 patients who underwent either 
HSG or laparoscopy. Group 2 (orange boxes) consists of patients who underwent laparoscopy. HSG: Hysterosalp-
ingography. TFI: Tubal Factor Infertility (extensive adhesions and/or distal occlusion of at least one tube). 
Controls were women who did not fulfi ll the criteria of TFI or had a normal HSG.
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Serological methods
During the fertility work-up serum samples were tested for the presence of CT IgG antibodies 

with Medac ELISA plus (Medac GmbH, Wedel, Germany). Medac ELISA plus detects IgG 

antibodies directed against a CT specific synthetic peptide of a variable domain from an 

immunodominant region of the MOMP. Medac ELISA plus tests were performed in the 

diagnostic laboratory of the UMCG according to the manufacturer’s instructions. The cut-off 

for the Medac ELISA plus samples was 25 AU/ml and samples were considered borderline 

when the antibody levels were between 22-28 AU/ml. For clinical decision making and 

referral for HSG or laparoscopy, borderline results were considered negative.

For this study spare serum samples were defrosted, and the recomWell ELISA from Mikro-

gen was used (Mikrogen GmbH, Neuried, Germany). This indirect sandwich ELISA detects 

antibodies to highly purified proteins MOMP, TARP, and CPAF. The Mikrogen ELISA was 

performed on spare cryopreserved serum samples, that had been stored for 2 to 8 years. 

ELISA tests were carried out and analyzed following the suppliers manual. Mikrogen ELISA 

samples were considered negative when < 20 U/ml and positive when >24 U/ml. Samples 

between 20-24 U/ml were borderline. Borderline results with the Mikrogen ELISA and Medac 

ELISA plus were considered to be positive in the analyses in this study.

Ethical approval
Women attending the UMCG fertility clinic were offered a broad “no objection” procedure 

and the participating women declared no objection for the use of their anonymized medical 

data and spare serum samples. This procedure was approved by the medical ethical board 

of the VU University medical center in Amsterdam.

Statistical analyses
Descriptive statistics were performed and results presented in tables and as a Venn-diagram. 

The number of positive, borderline, and negative test results in TFI cases and controls 

were compared between the Mikrogen ELISA and Medac ELISA plus for groups 1 and 2. 

Kappa-values for groups 1 and 2 were calculated in order to quantify concordance between 

the two tests. A Venn-diagram visualizes the overlap between the amount of positive results 

in both tests and TFI cases. The negative predictive value (NPV) and positive predictive value 

(PPV) of the two tests, and their confidence intervals were calculated. P-values <0.05 were 

considered as being statistically significant.
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Results

Patients characteristics
The median age in the total study population of 613 patients at intake in the fertility center 

was 32 years (range: 18 – 41). The prevalence of laparoscopically proven TFI in the total 

population of 613 patients was 7.8%. The TFI prevalence in the study population of 183 

patients used in this study was 26.2%.

Comparison of Medac ELISA plus and Mikrogen ELISA

 
Table 1. Results of Mikrogen ELISA and Medac ELISA plus in patients with tubal factor infertility (TFI) (n=48) and 
controls (n=135) in group 1 (all 183 patients).

Patients Patients

Mikrogen 
ELISA

Total
(n = 183)

Control
(n = 135)

TFI
(n = 48)

Medac
ELISA plus

Total
(n = 183)

Control
(n = 135)

TFI
(n = 48)

Negative 58 50 8 Negative 106 81 25

Borderline 32 23 9 Borderline 14 11 3

Positive 93 62 31 Positive 63 43 20

 
 
Table 2. Concordance and discordance between results by Mikrogen ELISA and Medac ELISA plus in group 1 (n=183).

Medac

Negative Borderline Positive Total Kappa

Negative 52 1 5 58  0.34

Mikrogen Borderline 23 3 6 32

Positive 31 10 52 93

Total 106 14 63 183

 

Within group 1 (all 183 patients who underwent either laparoscopy or HSG), Mikrogen ELISA 

tested 125 samples positive or borderline, of which 40 (32.0%) were from patients with 

laparoscopically proven TFI and 85 (68.0%) from control patients. Medac ELISA plus tested 

77 patients positive or borderline, of which 23 (29.9%) had proven TFI and 54 (70.1%) were 

controls (Table 1). Mikrogen ELISA found 73.9% more TFI as compared to Medac ELISA plus, 

but also found 57.4% more IgG positives and borderlines in the control group. The difference 

between the number of IgG positive patients with TFI in both tests was not significant. In 

the analyses borderline test results were considered to be positive, but the percentages of 
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patients with TFI did not change significantly when borderline results were considered to 

be negative.

Mikrogen ELISA tested 58 patients negative, of which 8 (13.8%) did have TFI and 50 (86.2%) 

were controls. Medac ELISA plus tested 106 serum samples negative, of which 25 (23.6%) 

belonged to patients with TFI and 81 (76.4%) to controls (Table 1). In the control group 

Mikrogen ELISA detected more IgG positive and borderline patients than Medac ELISA plus.

Table 2 shows the (dis)concordance between both tests within group 1. The kappa value 

between Mikrogen ELISA and Medac ELISA plus was 0.34, which was a fair to moderate 

concordance (25).

Table 3. Results of the Mikrogen ELISA and the Medac ELISA plus in patients with tubal factor infertility (TFI) (n= 48) 
and controls (n= 53) in group 2 (all 101 patients that underwent laparoscopy).

Patients Patients

Mikrogen 
ELISA

Total
(n = 101)

Control
(n = 53)

TFI
(n = 48)

Medac
ELISA plus

Total
(n = 101)

Control
(n = 53)

TFI
(n = 48)

Negative 19 11 8 Negative 40 15 25

Borderline 17 8 9 Borderline 7 4 3

Positive 65 34 31 Positive 54 34 20

 
Table 4. Concordance and discordance between results by Mikrogen ELISA and Medac ELISA plus in group 2 (n=101).

Medac

Negative Borderline Positive Total Kappa

Negative 15 0 4 19  0.32

Mikrogen Borderline 10 2 5 17

Positive 15 5 45 65

Total 40 7 54 101

 

Within group 2 (i.e. 101 patients who underwent laparoscopy) Mikrogen ELISA identified 82 

patients as CT IgG positive or borderline, of which 40 (48.8%) had TFI and 42 (51.2%) were 

controls. Medac ELISA plus tested 61 patients positive or borderline, of which 23 (37.7%) 

had TFI and 38 (62.3%) were controls (Table 3). The difference between the number of IgG 

positive patients with TFI in both tests is not significant. As in group 1, the percentages of 
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detected patients with TFI did not change when borderline test results were considered 

positive instead of negative.

In group 2 Mikrogen ELISA classified 73.9% more TFI cases as CT IgG positive or borderline 

than Medac ELISA plus did, and identified four controls more as IgG positive than Medac 

ELISA plus did. Mikrogen ELISA tested 19 samples as negative of which 8 (42.1%) belonged to 

cases and 11 (57.9%) to controls. Medac ELISA plus tested 40 samples negative, of which 25 

(62.5%) were TFI cases and 15 (37.5%) were controls. As in group 1, Mikrogen ELISA identified 

more women with IgG positive or borderline results than Medac ELISA plus in group 2.

Table 4 shows the (dis)concordance between both tests in group 2. The kappa value between 

Mikrogen ELISA and Medac ELISA plus was 0.32, which is a moderate concordance. Between 

two completely concordant tests a Kappa value between 0.8 and 1.0 is to be expected (25).

 

Figure 2. Venn diagram of overlapping numbers of TFI samples and positive Mikrogen ELISA and positive Medac 
ELISA plus results. Borderline test results were considered as positive. 

Figure 2 illustrates that results obtained by Mikrogen ELISA do not fully overlap those by 

Medac ELISA plus. Seventy-one (23 plus 48) samples have either a positive or borderline 
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results in both ELISAs, of which 23 belong to TFI cases. Mikrogen ELISA detected 17 more 

positive or borderline samples in TFI cases than Medac ELISA plus did. Also Mikrogen ELISA 

detected 37 positive or borderline patients that did not have TFI. Medac ELISA plus detected 

6 patients without TFI as positive or borderline.

Table 5. Positive predictive value (PPV) and negative predictive value (NPV) of Mikrogen ELISA and Medac ELISA 
plus in 183 patients who underwent either HSG or laparoscopy (group 1) and the subgroup of 101 patients who 
underwent laparoscopy (group 2).

PPV 95% CI NPV 95% CI

Group 1 Mikrogen ELISA 32% 26-39% 86% 81-91%

Medac
ELISA plus

30% 24-37% 76% 70-82%

Group 2 Mikrogen ELISA 49% 39-58% 58% 48-67%

Medac
ELISA plus

38% 29-47% 38% 29-47%

 

Table 5 shows PPV for both tests in group 1 (all 183 patients) and group 2 (101 patients 

who underwent laparoscopy). For calculation of PPV and NPV we considered the borderline 

results as positive. Differences in PPV and NPV for both tests in groups 1 and 2 were not 

statistically significant.

Ten TFI patients (20.8%) fulfilled the criteria of severe TFI (sTFI), i.e. bilateral extensive peri-

adnexal adhesions and/or bilateral distal tubal occlusions. These 10 samples tested positive 

with Mikrogen ELISA with a titer ranging between 52.9 and 205.5 U/ml, which indicates that 

high titers are not predictive for sTFI per se. With Medac ELISA plus 8 out of 10 sTFI patients 

tested positive. The two remaining patients tested negative and had CT IgG antibody titers of 

4.1AU/ml and 6.3 AU/ml respectively. The eight IgG positive sTFI patients had titers between 

30 and 342.5 AU/ml.

At the standard detection level of 20U/ml the Mikrogen ELISA detected 125 CT IgG positive 

samples (40 TFI and 85 controls). Increasing the detection cut-off to 50U/ml resulted in 58 

CT IgG positive samples (24 TFI and 34 controls), effectively increasing the PPV (from 32% 

to 41%) but actually detecting less TFI cases.
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Discussion

The aim of screening subfertile women by CAT is to identify those patients with previous CT 

infections who are prone to develop late complications, e.g. tubal factor infertility. Ideally, 

based on CAT, invasive tubal testing is selectively offered to patients at high risk for TFI 

only. Medac ELISA plus, based on MOMP-antibody detecting, is widely used for CAT, but its 

sensitivity and PPV are limited. We were the first to evaluate the predictive value for TFI of 

Mikrogen ELISA, a recently developed multi-antibody test targeting MOMP, TARP, and CPAF 

antibodies. Compared to Medac ELISA plus, no significant improvement was found in the 

prediction of TFI by Mikrogen ELISA. Mikrogen ELISA detected almost all TFI cases, but 

detected patients with IgG antibodies who had no TFI as well. Medac ELISA plus on the other 

hand had found less IgG positive patients without TFI, but identified only half of all TFI cases.

In our present study the rates of CT IgG positive TFI cases and CT IgG positive controls 

with Medac ELISA plus were comparable to the results obtained in a previous study using 

the a similar assay (Medac pELISA) in another population of subfertile women (20). In this 

previous study cases and controls were laparoscopically verified, which makes their study 

population similar to our group 2. Den Hartog et al. however, found a higher amount of IgG 

positive patients with TFI (54.2%) and lower amount of CT IgG positive patients without TFI 

(7.9%), which may be due to using MIF as serological test for CAT, which is known to have 

a higher predictive value for TFI (13).

In our study Mikrogen ELISA resulted in less CT IgG negative TFI patients, as compared to 

Medac ELISA plus (13.8% vs. 23.6%). Therefore, the Mikrogen ELISA seems a more suitable 

assay for the identification of patients without TFI.

We observed that although (PPV) of both tests is low (32% and 30%) the negative predictive 

value (NPV) of the Mikrogen ELISA was 10% higher as compared to the NPV of the Medac 

ELISA plus (table 5; not significant). In the literature higher PPV’s and NPV’s, of respectively 

95% and 70%, for TFI have been described. However, these values relate to MIF serology 

instead of ELISA serology (26, 27). Land et.al. described a PPV and NPV of the Medac pELISA 

for TFI of respectively 38% and 90% in subfertile women who underwent laparoscopy (20). 

In group 1 of our study the PPV’s and NPV’s of the Medac ELISA plus were not comparable 

with those of Land et.al. In group 2, which is similar to the population of Land et.al., NPV’s 
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and PPV’s of both tests were lower, except for the Mikrogen ELISA which had a PPV of 49% 

in group 2.

The fact that the Medac ELISA plus outcomes in this study differ from those in the study 

of Land et.al. may be due to the relatively small size of our present population, or due to 

performing more laparoscopies in CAT negative patients at high risk for not CT related TFI. 

This difference seems not to be due to the different test that is used, since the concordance 

between the Medac pELISA and Medac ELISA plus is 99% (21).

The NPV was higher for Mikrogen ELISA, but no significant differences were found as 

confidence intervals were overlapping. A larger sample size would be needed to confirm 

this finding. In clinical practice a screening test with high NPV would be useful, to rule out 

CT related TFI in subfertile women.

Even though the PPV and NPV of both tests are comparable, it is remarkable that the kappa 

value did not exceed 0.34 (Tables 2, 4, 5) This indicates that the CT IgG positive women 

identified by both tests were not the same women. We had expected that the positive 

samples of Medac ELISA plus would also be positive with Mikrogen ELISA since both tests 

detect antibodies directed against (parts of) MOMP. An explanation for this finding may be 

that Medac ELISA plus uses a synthetic peptide of an immune-dominant region of MOMP 

that differs from the synthetic MOMP immune-dominant region used in Mikrogen ELISA 

and that both tests thus detect slightly different antibodies.

In this study we observed eight out of 48 TFI patients to test negative in both assays (Figure 

2). In these patients TFI may have another, not-Chlamydia related etiology, such as prior 

Neisseria gonorrhoea infection or endometriosis (28). Therefore, even if highly accurate CT 

antibody testing is available, CAT cannot predict all cases of TFI. For optimal risk assessment 

in an individual patients CAT result should be combined with patient history and findings at 

physical examination and ultrasound (29, 30).

All 10 severe TFI cases in our study group were positive by Mikrogen ELISA, and Medac 

ELISA plus identified 80% of sTFI patients. Severe TFI was not necessarily related to high IgG 

titers. It needs to be confirmed in larger studies whether Mikrogen ELISA is more suitable 

than Medac ELISA plus in detecting high risk patients for more extensive disease. Proper 
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identification of severe TFI is very relevant in the clinical setting, as these patients have no 

chances to conceive spontaneously and should be referred to IVF without delay.

Our finding that not all subfertile women with positive C. trachomatis IgG titers have TFI with 

laparoscopy may be explained by the fact that tubal pathology does not necessarily have 

to be visible as macroscopic damage of the tubes. Microscopic intraluminal damage of the 

mucosa may also impair the ability to conceive(31-33).

A limitation of this study is the potential introduction of bias. We compared the two tests with 

each other, with laparoscopic results as the gold standard. Laparoscopy-based selection has 

biased the TFI prevalence. Referral for laparoscopy was based on Medac ELISA plus test 

results, which might have caused verification bias. Due to this verification bias most CAT 

negative patients have undergone HSG instead of laparoscopy, and TFI might have remained 

unnoticed as HSG is a less accurate test in diagnosing adhesions and tubal occlusion. 

However, it is difficult to prevent selection and verification bias in a clinical study, since 

performing CAT and invasive, costly laparoscopies in all patients is not feasible.

In conclusion, the recently developed multi-target Mikrogen ELISA did not improve the PPV 

of CT IgG antibody testing for TFI. However, Mikrogen ELISA may have additional value 

because of its higher NPV as compared to Medac ELISA plus, identifying subfertile women 

without TFI more accurately. In our study the difference in NPV between the two ELISA tests 

was not statistically significant, and further research in a larger population should be done 

to confirm our findings. Further research should focus on testing of panels of chlamydial 

antigens by Mikrogen’s recomLine IgG immunoblot including individual antigens such as 

TARP, CPAF, OMP2 and Chlamydia heat shock protein 60 (cHSP60) in order to potentially 

obtain a better risk assessment for TFI. Although an immunoblot is more time consuming, 

it may be valuable in the identification of TFI patients in a group of high risk patients.
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CHAPTER 4

Abstract

Objectives: Chlamydia trachomatis (CT) IgG serology is used in many fertility clinics in order 

to estimate the risk for tubal factor infertility (TFI) in the fertility work-up. The predictive value 

for TFI of the currently used mono-target CT serology test should be improved. This study 

compares the performance of the new multi-target Mikrogen recomWell CT IgG ELISA with 

the Mikrogen recomLine CT immunoblot and visualizes distribution of individual antibodies 

in serum with the immunoblot in order to potentially improve the current CT IgG serology 

test that is clinically used.

Methods: Study population consisted of 183 Dutch Caucasian infertile women who under-

went laparoscopy and/or hysterosalpingography. 48 women had TFI, 135 were controls. 

Serum was tested with Mikrogen CT IgG ELISA, which detects 3 CT IgG antibodies in one 

well, and Mikrogen CT immunoblot, which can individually detect 5 CT IgG antibodies. Tests 

were compared based on the results in general and in the case and control group also 

taking the individual antibodies into account. Sensitivity, specificity, negative predictive value 

(NPV), positive predictive value (PPV), Kappa value and distribution of individual antibodies 

in positive samples were calculated.

Results: In 183 patients 51% tested positive in the ELISA versus 35% in the immunoblot. 

32% versus 65% tested negative. Difference between PPV was not statistically significant 

(33% and 39% respectively) and NPV in both tests was 81%. Difference in sensitivity and 

specificity was statistically significant, respectively 65% vs. 52% and 54% vs. 71%. Kappa 

was only 0.45. 64.5% of samples that tested positive with ELISA were positive for at least 4 

individual CT antibodies with the immunoblot.

Conclusion: The concordance between CT ELISA and CT immunoblot is moderate. Due to 

separate criteria for positivity of both tests there is a significant difference in sensitivity and 

specificity. PPV and NPV, the most relevant characteristics for clinicians, of both tests did 

not differ significantly. The distribution of individual antibodies and the adjustment of the 

immunoblot algorithm will be further explored in the future in order to develop a potentially 

better prediction method for TFI with a higher clinical accuracy.
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Introduction

Chlamydia trachomatis (CT) serology is used in epidemiological studies to determine the 

incidence and prevalence of CT in the population, and in clinical studies CT IgG is used to 

identify women at risk of CT complications such as pelvic inflammatory disease (PID), ectopic 

pregnancy, and tubal factor infertility (TFI). In fertility clinics CT IgG assays are used in order 

to estimate the patient’s risk for TFI (1, 2).

To assess the risk of TFI, the most commonly used commercial CT IgG test in Dutch fertility 

clinics is a mono-target ELISA (Medac IgG pELISA) that detects antibodies directed against the 

CT major outer membrane protein (MOMP). However, the predictive value for TFI of this MOMP 

ELISA is limited and there is a clinical unmet need for more accurate tests for the prediction of 

TFI (3, 4). In a study population of infertile women, the new Mikrogen multi-target ELISA has 

been shown to detect a higher percentage of TFI patients as CT IgG positive than the Medac 

MOMP ELISA. However, this difference was not statistically significant (5). This Mikrogen CT 

serology test is an indirect sandwich ELISA that detects antibodies directed against MOMP as 

well as the highly purified translocated actin-recruiting phosphoprotein (TARP) and chlamydial 

protease-like activity factor (CPAF). TARP and CPAF are virulence factors expressed during CT 

infection and have immunodominant epitopes (6-8). Within one Mikrogen multi-target ELISA 

well that tests positive, it is not possible to differentiate which antibodies are responsible for the 

positive test result. In addition to this multi-target ELISA, in order to differentiate between the 

antibodies in serum, Mikrogen developed an IgG immunoblot that detects antibodies directed 

against five CT epitopes: MOMP, TARP, CPAF, chlamydial heat shock protein 60 (cHSP60), 

and outer membrane protein 2 (OMP2). cHSP60 and OMP2 also play an important role in the 

pathogenesis of CT infection and are immunogenic proteins (9, 10). Immunoblots visualize 

the antibody reactivity to each individual antigen, and potentially provide a broader picture of 

the antigenic response compared to currently used immunoassays. More knowledge about 

the predictive value for TFI of individual or combinations of antibodies is needed since more 

accurate tests will improve the accuracy of the fertility work-up.

This study compares for the first time the performance of the Mikrogen CT IgG recomWell 

ELISA with the Mikrogen recomLine Chlamydia immunoblot in the prediction of TFI in infer-

tile women. Also the distribution of positive individual antibodies will be visualized with the 

Mikrogen immunoblot.

4
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Methods

The study population consisted of 183 Dutch Caucasian infertile (i.e. not having conceived 

after at least one year of unprotected intercourse) women who attended the fertility clinic 

of the University Medical Center in Groningen (UMCG), the Netherlands, between 2007 

and 2013. The 183 patients in this study were a selection out of 613 consecutive subfertile 

patients. As part of the fertility work-up 101 patients (55%) underwent laparoscopy and 

82 patients (45%) underwent hysterosalpingography (HSG) to assess tubal patency. In 

this group of 183 patients 48 (26%) patients had laparoscopically verified TFI (defined as 

extensive adhesions and/or distal occlusion of at least one tube (11)) and were considered 

as cases, and 135 patients did not meet the TFI criteria and were considered as controls. 

As part of the fertility work-up blood was drawn in all women and a chlamydia antibody test 

(CAT) was performed by Medac IgG pELISA. CAT positive patients were considered at high 

risk for TFI and underwent laparoscopy, while in CAT negative patients HSG was done. All 

spare sera were cryopreserved in -20 degrees Celsius.

For this study spare serum samples were defrosted after two to eight years, and the Mikro-

gen recomWell ELISA and recomLine immunoblot (strip immune assay) were performed 

(Mikrogen GmbH, Neuried, Germany). ELISA tests were carried out and analyzed following 

the suppliers manual. Mikrogen ELISA samples were considered negative when <20 U/

ml and positive when >24 U/ml. Samples between 20-24 U/ml were borderline. For the 

calculation of sensitivity, specificity, negative predictive value (NPV), and positive predictive 

value (PPV) ELISA borderline samples were considered negative.

For comparison and analysis of the individual antibodies the Mikrogen recomLine Chlamydia 

IgG immunoblot was used (Mikrogen GmbH, Neuried, Germany). This nitrocellulose strip 

immunoassay with recombinant species-specific antigens detects IgG antibodies against 

C. trachomatis, C. psittaci, and C. pneumoniae. In this study only antibodies directed 

against C. trachomatis antigens MOMP, TARP, CPAF, cHSP60 and OMP2 were taken into 

account. Work-up of the cryopreserved blood samples was according to the manufacturer’s 

instructions. The immunoassay strips were analyzed with the ‘recomScan’ software from 

Mikrogen, that classifies samples as positive, borderline, or negative based on an algorithm 

of summation of the individual antibodies that are present in a blood sample.
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Descriptive statistics were performed and presented as numbers and percentages and as 

a Venn-diagram. Kappa values were used to test for agreement between the two assays. 

Furthermore, we calculated the positive and negative predictive values (PPV and NPV) 

of both assays for TFI using MedCalc (12). P-values <0.05 were considered statistically 

significant. Chi-square and McNemar tests were performed for the calculations of p-values.

4
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Results

Of the 183 patients 51% tested positive in the ELISA versus 35% in the immunoblot, and 

32% versus 65% tested negative (table 1). In the ELISA 17% tested borderline, versus 0% 

with the immunoblot.

Table 1. Results of the Mikrogen recomWell CT IgG ELISA and the Mikrogen recomLine CT IgG immunoblot in 183 
infertile patients.

Mikrogen ELISA N % Mikrogen Immunoblot CT % of total

CT IgG neg 58 32% CT IgG neg 119 65%

CT IgG borderline 32 17% CT IgG borderline 0 0%

CT IgG pos 93 51% CT IgG pos 64 35%

total 183 100% total 183 100%

Table 2. Results of the Mikrogen CT IgG ELISA and the Mikrogen CT IgG immunoblot in patients with tubal factor 
infertility (TFI) and controls. For the calculation ofsensitivity and specificity Mikrogen ELISA borderline samples 
were considered negative.

Mikrogen ELISA

Positive Negative sens spec PPV NPV

TFI (n = 48) 31 65% 17 35% 65% 54% 33% 81%

Control (n = 135) 62 46% 73 54% (95% CI: 
57.4%-
71.1%)

(95% CI: 
46.8%-
61.1%)

(95% CI: 
26.9%-
40.4%)

(95% CI: 
74.8%-
86.1%)

Mikrogen Immunoblot

Positive Negative sens spec PPV NPV

TFI (n = 48) 25 52% 23 48% 52% 71% 39% 81%

Control (n = 135) 39 29% 96 71% (95% CI: 
44.9%-
59.2%)

(95% CI: 
64.2%-
77.2%)

 (95% CI: 
32.3%-
46.3%)

(95% CI: 
74.3%-
85.7%)

Within the 48 TFI patients the ELISA detected 31 (65%) as CT IgG positive and the immuno-

blot detected 25 (52%) as positive. In the control patients this was 46% and 29% respectively. 

In the patients with TFI 17 (35%) samples were negative with the ELISA and 23 (48%) samples 

were negative with the immunoblot (table 2). The PPV of the ELISA and immunoblot was 33% 

and 39% respectively, with no statistically significant difference. NPV in both tests was 81%.
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The ELISA had higher sensitivity (65%) than the immunoblot (52%), but the specificity was 

lower (54% vs. 71% respectively). The differences in sensitivity and specificity between both 

tests are statistically significant (for sensitivity p= 0.04123, for specificity p=1.083*10-5).

Of positive ELISA samples 32% were negative with the immunoblot. All negative ELISA 

results remained negative when analyzed with the immunoblot. Kappa was 0.45, which 

indicates a moderate concordance of both tests according to Landis and Koch (13). Within 

the 48 cases with TFI the kappa value was 0.46 (moderate). Within the 135 infertile controls 

who did not meet the TFI criteria kappa was 0.42 (moderate). When the borderline ELISA 

samples were considered to be negative, the kappa value in the total study population 

(n = 183), TFI cases (n = 48) and controls (n = 135) was respectively 0.66, 0.75, and 0.62 (all 

substantial concordance). By considering borderline ELISA results as positive, the kappa 

value in the total population, TFI cases and controls was 0.40, 0.36, and 0.39 respectively 

(all fair concordance).

About two third of the samples that were positive with the ELISA were also positive for 

MOMP (65%), TARP (59%), CPAF (65%), and OMP2 (62%) antibodies (table 3). For the 

cHSP60 antibodies this was 40%. In all but two samples that were positive for cHSP60 

other antibodies were positive as well.

Table 3. Positive individual antibodies of the Mikrogen immunoblot compared to the results of the Mikrogen ELISA.

Mikrogen immunoblot

MOMP TARP CPAF cHSP60 OMP2

Mikrogen ELISA

CT IgG neg (n = 58) 0 1 (2%) 0 0 0

CT IgG borderline (n = 32) 1 (3%) 2 (6%) 0 1 (3%) 1 (3%)

CT IgG pos (n =93) 60 (65%) 55 (59%) 60 (65%) 37 (40%) 58 (62%)

total 61 58 60 38 59

Figure 1 shows the number of samples that are positive for one or more of the five antibodies 

that can be detected with the immunoblot. Of all combinations of positive antibodies in the 

immunoblot (n = 76) 36.8% of the samples were positive for all antibodies, and 18.4% were 

positive for all antibodies except cHSP60. Forty-five (59.2%) samples were positive for the 

combination of MOMP, TARP, and CPAF. These samples were also positive with the ELISA. 

Forty-nine (64.5%) samples were positive for at least four antibodies.

4
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Figure 1. Distribution of the samples positive for MOMP, TARP, CPAF, OMP2 and/or cHSP60 in the Mikrogen 
recomLine immunoblot. Twenty-eight samples were positive for all antibodies. The total amount of combinations 
is 76. 
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Discussion

The aim of this study was to compare the performances of the Mikrogen CT IgG ELISA to the 

Mikrogen CT IgG immunoblot to identify women with TFI in an infertile population. There is a 

difference between the amount of positive and negative results of both assays, as the ELISA 

detected 51% of the study population as CT IgG positive, whereas the immunoblot detected 

over 35% of the samples as positive (table 1). The immunoblot has a statistically significant 

higher specificity and lower sensitivity than the ELISA (table 2). Lower sensitivity but higher 

specificity of the immunoblot is also found in studies that investigated the performance of 

immuno-assays for the diagnosis of leptospirosis and Lyme’s disease (14, 15). Difference 

in sensitivity and specificity of both tests is due to the fact that the tests have two separate 

criteria for positivity. Presence of antibodies in the serum directed against MOMP, TARP, 

or CPAF will give a positive signal within the ELISA well. When optical density (OD) of the 

well is higher than the detection limit the test will be positive, regardless of the amount of 

antibodies directed against each of the three targets. Thus combining these antigens in one 

well leads to an increase of sensitivity but lowers the specificity. In contrast to the ELISA the 

immunoblot allows distinction of the various molecular targets and the test will be positive 

if a combination of individually positive antibodies are present. Therefore serum will be 

negative when individual types of CT IgG antibodies are low and do not separately exceed 

the cut-off value of the immunoblot. This increases the specificity of a serum assay, but 

lowers the sensitivity compared to a multi-target ELISA.

The PPV in both test was relatively low (33% and 39% respectively) and the difference was 

not statistically significant. This means that neither ELISA nor immunoblot is highly accurate 

in identifying infertile women with TFI. NPV was similar (81%) in both tests. High NPV is 

of value to detect patients without TFI, but in clinical practice an NPV of 81% is too low to 

consider test-negative patients not to have TFI.

Of samples that tested positive with ELISA 68% also had a positive result in the immunoblot, 

but there were no samples that tested negative with ELISA and had a positive immunoblot 

result. This may be due to the manufacturer’s algorithm of the immunoblot in which a 

certain value is assigned to the presence of individual antibodies when they exceed the 

cut-off value. When the sum of the values of those antibodies exceeds a certain threshold, 

the immunoblot result is considered to be positive. In this algorithm MOMP has the highest 

4
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value, followed by TARP and CPAF. OMP2 and cHSP60 have the lowest additive value. This 

explains why certain individual antibodies present in samples that tested negative with ELISA 

may not add sufficient value to exceed the threshold in the immunoblot algorithm, and the 

test remains negative.

Even though both tests analyze the presence of CT IgG antibodies in serum in a different 

way, the concordance between both tests is moderate. These findings were unexpected 

since both tests are manufactured by the same company and detect three of the same IgG 

antibodies. The agreement of 45% between both assays is lower than results from a study 

in which the immunoblot assay for detection of IgG antibodies directed against cytomeg-

alovirus (CMV) was compared to conventional enzyme immuno-assays (16). The ELISA 

does not detect OMP2 and cHSP60 but the immunoblot does. This could mean that the 

immunoblot is able to detect other samples (e.g. those with high OMP2 or cHSP60 antibody 

titers) and this may explain why the kappa value is moderate according to the Landis & Koch 

classification (13). There were no borderline results found with the immunoblot, which lowers 

the kappa agreement between the two tests. A substantial or high agreement between 

tests was expected since both tests detect MOMP, TARP, and CPAF IgG antibodies and are 

manufactured by the same company.

The results of the immunoblot show that the combination of antibodies directed against 

MOMP, TARP, and CPAF is most prevalent in the blood samples of our study population. 

These three antibodies are also detected by the Mikrogen ELISA. Also 62% of samples that 

tested positive with ELISA were positive for OMP2. However, the majority of OMP2 positive 

samples were also positive for MOMP, TARP, or CPAF.

A strength of this study is that we were able to include a patient infertility group with a 

high prevalence of TFI for evaluation of the predictive performance of both tests. Also, 

all patients had undergone HSG and/or laparoscopy to diagnose TFI, and that TFI was 

clinically well defined. A disadvantage is the possibility that not all TFI were the result of a 

CT infection, since TFI can also be caused by severe endometrioses, previous pelvic surgery 

and other sexually transmitted infections like Neisseria gonorrhoeae. This might lead to CT 

IgG negative outcome in samples that do have TFI. These factors were not excluded in our 

study population, but severe endometriosis, non-CT pelvic infections and pelvic surgery were 

infrequent causes for infertility. Also, it should be kept in mind that both tests are not initially 
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designed to predict TFI, but to test for CT IgG seropositivity. Therefore it is not possible to 

speculate about false positives and false negatives in our study. Sensitivity and specificity 

of the test should be interpreted as the percentage of TFI or controls that do or do not have 

a positive or negative test result.

Based on the results of this study we conclude that there is a moderate concordance 

between ELISA and immunoblot and that the immunoblot had a statistically significant 

different sensitivity and specificity because of separate criteria for positivity. However, 

PPV and NPV, the most relevant characteristics for clinicians, of both tests did not differ 

significantly. Given the comparable PPV and NPV for identifying infertile women with TFI, 

immunoblot is not to be preferred over ELISA for the prediction of TFI, since the immunoblot 

is more expensive and labor intensive to perform. In further research it might be interesting 

to redefine the current Mikrogen immunoblot algorithm of individual CT IgG antibodies 

levels, such that the prediction of TFI is possible with a higher clinical accuracy in a specific 

subgroup of high risk patients.
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CHAPTER 5

Abstract

Problem: Tubal factor infertility (TFI) is a severe complication of genital C. trachomatis 

infections. In fertility work-up chlamydia antibody test (CAT) is used to predict TFI. The 

predictive value for TFI of most commonly used CAT is moderate.

Method of study: 183 infertile Dutch Caucasian women were included in this study. All 

underwent tubal patency testing (HSG or laparoscopy). Cases had TFI, controls had no TFI 

(i.e. normal findings during HSG or laparoscopy). TFI was categorized based on severity 

(TFI 1-TFI 4). This study investigated the predictive values of MOMP, TARP, CPAF, HSP60, 

and OMP2 for TFI. A predictive algorithm is developed to detect TFI with a high certainty 

based on combinations of antibody titres. Serum was tested with the Mikrogen recomLine 

immunoblot and quantified with the recomScan. A greedy algorithm that explores all pos-

sible antibody combinations was developed.

Results: Significant differences in the distributions of antigen titres between cases and 

controls were observed for CPAF (P: 0.0021), HSP60 (P: 0.0061), MOMP (P: 0.0497), and 

OMP2 (P: 0.0016). Single antibodies could not discriminate between TFI and controls by 

themselves. The greedy algorithm performs better in specificity, PPV, accuracy, and clinical 

utility index than the original Mikrogen algorithm. CPAF combined with HSP60 identified 

18.2% of TFI cases with 100% certainty. Most of the TFI 4 cases were identified with cut-offs 

of CPAF>10.7 or OMP2>3.9.

Conclusions: This proof of principle study shows that combinations of antibodies in serum 

are predictive for TFI. A commercially available test can be adapted to predict TFI with a 

100% specificity.



81

 Introduction

Chlamydia trachomatis (C. trachomatis) infections are the most prevalent bacterial sexually 

transmitted infections (STI) worldwide: WHO estimated 130.9 million new cases in 2012(1). 

The health burden of C. trachomatis infections is high due to its asymptomatic course in up 

to 80% of women and 50% of men(2, 3). In women unnoticed and thus untreated urogenital 

C. trachomatis infections can lead to severe complications such as pelvic inflammatory 

disease (PID), ectopic pregnancy, and tubal factor infertility (TFI).

C. trachomatis infections are most prevalent in young adolescents, but complications such 

as TFI can become evident more than 10 years later when these women fail to conceive 

and present with infertility. By that time the C. trachomatis bacterium has been cleared by 

the immune system, and C. trachomatis DNA is not detectable any more by PCR. Serum C. 

trachomatis IgG antibodies however may remain detectable for many years after infection, 

even after antibiotic treatment(4).

In Dutch fertility clinics serological chlamydia antibody tests (CAT) are used in infertile 

women as markers of a previous C. trachomatis infection and to estimate the risk for TFI. 

Based on CAT, high risk patients for TFI might be referred for invasive diagnostic testing (e.g. 

laparoscopy), whereas in low risk patients less invasive procedures (e.g. hysterosalpingog-

raphy) might be preferred or it may be decided to refrain from further testing.

The predictive value for TFI of the currently most frequently used CAT is poor, with a negative 

predictive value (NPV) of 74-90% and a positive predictive value (PPV) for TFI of 32-63%(5-7). 

These poor predictive values of the CAT are due to the fact that CATs are designed to detect 

C. trachomatis antibodies and not TFI. In clinical practice false positive CAT results may lead 

to unnecessary laparoscopies in women without TFI, and false negative CAT results may 

cause delay in diagnosis and treatment in women with TFI.

The CAT that is most frequently used in Dutch fertility clinics is the mono-target Medac C. 

trachomatis IgG ELISA plus, which is a MOMP-peptide based assay. This ELISA detects 

antibodies against het major outer membrane protein (MOMP) on the C. trachomatis cell 

surface and is considered as species specific with a minimal cross-reactivity with Chla-

mydia pneumoniae antibodies(5). MOMP is an immunodominant protein that is involved 
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in maintaining rigidity of the chlamydial membrane, attachment to the human epithelial 

cell, and functions as a pore to provide the bacterium with nutrients once it has invaded 

the human cell(8-10). A previous study compared the predictive value for TFI of the Medac 

ELISA plus (Medac GmbH, Wedel, Germany) with a multi-target Mikrogen ELISA and immu-

noblot(7). This multi-target ELISA detects antibodies directed against MOMP, translocated 

actin-recruiting phosphoprotein (TARP; involved in the internalisation of Chlamydia into the 

host cell) and Chlamydial protease-like activity factor (CPAF; involved in host and bacterial 

protein regulation and bacterial survival), all immunodominant C. trachomatis epitopes. Even 

though the multi-target ELISA detects a broader spectrum of C. trachomatis IgG antibodies, 

no significant improvement of the predictive value for TFI was found(7). The disadvantage of 

a multi-target ELISA is that it does not allow differentiation of C. trachomatis IgG antibodies 

against different antigens, thus it remains unclear which antibodies are positive in one well. 

It is hypothesized that certain C. trachomatis IgG antibodies are more predictive for TFI than 

others. For example, chlamydial heat shock protein-60 (HSP60) and CPAF have been found 

to be more prevalent in women with TFI as compared to fertile women(6, 11, 12). Therefore 

analysing the presence and composition of individual antibodies in infertile women is of 

great importance.

The Mikrogen immunoblot detects C. trachomatis IgG antibodies directed against MOMP, 

TARP, CPAF, cHSP60, and outer membrane protein 2 (OMP2), which are immunodominant C. 

trachomatis proteins. The benefit of an immunoblot is that it allows differentiation between 

the C. trachomatis IgG antibodies in the serum. Although previous research showed that 

ELISAs have a higher sensitivity than immunoblots, the specificity of the immunoblot is 

higher than the ELISA(13, 14). However there is no significant difference in the NPV and PPV 

of the Mikrogen C. trachomatis IgG ELISA and immunoblot(15). Therefore it is interesting to 

analyse the predictive value for TFI of the separate antibodies in the Mikrogen immunoblot 

and of different antibody titre cut-off values, and to adjust the algorithm of the immunoblot 

analysing software in order to improve the prediction of TFI.

There is a clinical unmet need for improvement of the clinical predictive value of CAT for 

TFI, since CAT assays have been validated in STI patients and not TFI patients specifically. 

In this proof-of-principle study we research the contribution of separate types of antibodies 

in the prediction of TFI, in order to create a predictive value of CAT for TFI. We will also 

research whether adjustments in cut-off values will increase the clinical predictive value of 
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C. trachomatis serology for TFI. Since previous studies have shown that different serological 

tests do not lead to an increase in PPV and NPV for TFI, our aim is to find a combination 

and cut-off of antibody titres that detects the most TFI cases with a very high certainty.

Methods

Sample collection and definitions
The study was performed in Dutch Caucasian women, between the age of 18 and 41, who 

visited the fertility clinic of the University Medical Center Groningen (UMCG) between 2007 

and 2013 because of infertility (i.e. not having conceived after at least one year of unprotected 

intercourse). As part of the fertility work-up blood was drawn in all women and CAT (Medac 

ELISA plus) was determined. All spare sera were cryopreserved in -20 degrees Celsius. After 

excluding couples with severe male factor infertility, CAT positive women were referred for 

laparoscopy with tubal testing. In CAT negative women HSG was performed, and when 

tubal occlusion or intra-abdominal pockets were seen on HSG, patients were referred for 

laparoscopy to verify the presence or absence of TFI. In women with bilateral patent tubes 

on HSG, no additional testing was done because of the high NPV of HSG(16). Only women 

with available CAT results and who had undergone HSG and/or laparoscopy were included in 

the present study. Patients who were diagnosed with severe endometriosis on laparoscopy 

and patients who had undergone previous pelvic surgery (except for an uneventful appen-

dectomy or Caesarean section) were excluded from this study. The inclusion is graphically 

represented by the flow diagram in figure 1. No data had been systematically collected on 

previous sexually transmitted diseases and C. trachomatis infections.
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Figure 1. Flow diagram of the inclusion of patients in the study. CAT: Chlamydia Antibody Test. HSG: 
Hysterosalpingography. LAP: Laparoscopy. TFI: Tubal Factor Infertility

For this study 158 patients were selected from 613 consecutive subfertile patients from the 

UMCG fertility clinic between 2007 and 2013. These 158 consist of all CAT positives and 

all TFI positive women, and women with a negative CAT, TFI negative women, and women 

without abnormal HSG. We chose a distribution of 1:2.5 for cases and controls.

TFI was categorized into TFI 1, TFI 2, TFI 3 and TFI 4 respectively, based on different defini-

tions representing the degree and location of abnormalities(17). In TFI 1 tubal pathology was 

defined as any peritubal and/or periovarian adhesions, and/or proximal or distal occlusion 

of at least one tube, and in TFI 2 tubal pathology was defined as extensive periadnexal 

adhesions and/or proximal occlusion of at least one tube. In TFI 3 tubal pathology was 

defined as extensive periadnexal adhesions and/or distal occlusion of one tube, and in TFI 

4 tubal pathology was defined as extensive periadnexal adhesions and/or distal occlusion 

of both tubes. TFI 3 and TFI 4 are considered to represent severe TFI, and these women 

have a very limited or no chance to conceive naturally.

Controls had no abnormalities on HSG and/or did not fulfil any definition of TFI at 

laparoscopy.
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Of the 158 women included in this study, 33 (20.9%) had TFI. The others were defined as 

controls. Within the TFI groups no patients had TFI 1, 11 patients had TFI 2, 14 patients had 

TFI 3, and 8 patients had TFI 4.

Serological methods
For analysis of the individual antibodies in the serum samples the Mikrogen recomLine 

Chlamydia IgG immunoblot was used (Mikrogen GmbH, Neuried, Germany). The Mikrogen 

recomLine immunoblot is a nitrocellulose strip immunoassay with recombinant spe-

cies-specific antigens and detects IgG antibodies against C. trachomatis, C. psittaci, and C. 

pneumoniae. For this study only antibodies directed against C. trachomatis antigens MOMP, 

TARP, CPAF, cHSP60, and OMP2 were taken into account. Work-up of the cryopreserved 

blood samples was according to the manufacturer’s instructions.

The immunoassay strips were analysed with the ‘recomScan’ software from Mikrogen, which 

classifies samples as positive, borderline, or negative based on an algorithm of summation 

of the individual antibodies that are present in a blood sample(18).

Ethical approval
Women attending the UMCG fertility clinic between 2007 and 2013 were offered a broad 

“no objection” procedure. The participating women declared no objection for the use of 

their anonymized medical data and spare serum samples. This study was approved by the 

medical ethical board of the VU University medical center in Amsterdam.

Statistical analyses
Frequencies of TFI patients identified with the decision rules are presented in table 1. The 

Wilcoxon-Mann-Whitney test was used to assess the mean difference in the distribution of 

the individual antigen titres between TFI patients and controls. A p-value <0.05 was consid-

ered significant. Corrections for multiple testing were done with the Holm-Bonferonni test. 

Analyses were done using R version 3.4.4.

Algorithm for an optimal prediction rule
In order to identify the optimal prediction rule to discriminate TFI patients from controls, 

we developed a greedy algorithm that explores the set of all possible combinations of 

parameters (MOMP, TARP, CPAF, HSP60, and OMP2). Within each subset of parameters, 
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the algorithm checks for all possible combinations of logical operators (i.e. “and” and “or”). 

The number of subsets of a given size k in a set of n elements is given by . A subset of 

size k requires k-1 logical operators, and the number of possible combinations is 2k-1. The 

total number of combinations tested is therefore given by:

In our case, n=5 and the total number of combinations tested is 3165.

For each subset with specific logical operators, we searched for an optimal cut-off for each 

parameter. The search was done based on the empirical values measured for each param-

eter. The resulting prediction rule includes the parameters to include, their corresponding 

cut-offs, and the logical operators to bind them together.

A greedy algorithm keeps the best solution after each iteration. Therefore, it is usually 

computationally intensive and often requires heuristics. In our case, since there was only a 

small number of parameters (n=5) we were able to calculate all the possible options. The 

optimal prediction rule was defined as the rule that could maximize the number of true 

positives with an additional constraint such that the ratio of false to true positives detected 

does not exceed 20%. The algorithm was performed using R version 3.4.4.
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Results

Individual antigens
The distribution of the CPAF, HSP60, MOMP, OMP2, and TARP antigens as observed in this 

study is presented in figure 2. Significant differences in the distributions of antigen titres 

between TFI patients and controls were observed for CPAF (P: 0.0021), HSP60 (P: 0.0061), 

MOMP (p: 0.0497), and OMP2 (P: 0.0016). After Holm-Bonferonni correction for multiple 

testing CPAF (Padj.: 0.0084), HSP60 (Padj.: 0.018), and OMP2 (Padj.: 0.008) remained sig-

nificant. As can be seen in figure 2, due to the overlap in antigen titres none of the individual 

antigens can distinguish between TFI patients and controls by itself.

Figure 2: Distribution of the antigens CPAF, HSP60, MOMP, OMP, and TARP in TFI patients (blue plots) and TFI 
negative controls (red plots). Violin plots show the distribution of the antigen titres. The width of the violin represents 
the number of samples for the particular titres. The heights of the violin represents the height of the titre. Antigen titres 
are measured as the relative intensity of the bands on the immunoblot by the recomScan. Boxplots in the ‘violins’ 
show the median, interquartile range, and outliers. Notches in the boxplots show the confidence intervals around 
the median. Wilcoxon-Mann-Whitney p-values and Holm-Bonferonni adjusted p-values are given for each antigen.
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Combined antigens
We employed a greedy algorithm to create a prediction rule to distinguish between TFI cases 

and controls. The algorithm allows to define what percentage of ‘false positives’(i.e. non-TFI 

patients with positive test results) will be included. In the algorithm this percentage is defined 

as the maximum percentage of identified ‘true positives’ (i.e. TFI patients with positive test 

results) that may be ‘false positives’, e.g. if the ‘false positive’ cut-off is 20% and the algorithm 

identifies 10 TFI cases, then no more than 2 ‘false positives’ are allowed (table 1).

By allowing the algorithm to include more non-TFI patients (‘false positives’) the algorithm 

is able to include more true TFI patients resulting in almost doubling of the sensitivity, with 

only a slight reduction in specificity. Slight increases were observed in the NPV, the accuracy, 

and the clinical utility indices (table 1). Change of the maximum allowed percentage of ‘false 

positives’ also changes which combination of antigens is the best predictor for TFI.

When analysed with the recomScan the immunoblot results have a higher sensitivity 

(57,6%) compared to the algorithm outcomes in this study, but at a cost of increase in ‘false 

positives’. The algorithm outcome performs better in specificity, PPV, accuracy, and clinical 

utility index.

Setting the algorithm to allow no ‘false positives’ to be included, this still resulted in antigen 

cut-offs that would identify 18.2% of all TFI cases in this study with a 100% certainty (CPAF 

> 9.5 or HSP60 > 3.9; table 1). When up to a maximum of 30% ‘false positives’ were allowed 

(cut-offs: CPAF > 10.7 or OMP2 > 3.9; table 1) 33.3% of all TFI cases in this study could be 

identified. However, of all patients that would be considered positive at these antigen cut-off 

levels, 21.4% would be ‘false positive’, i.e. not have TFI.

As table 1 shows, all different prediction rules produced by the algorithm include CPAF. TARP 

was not included in any of the decision rules.

The majority of the TFI cases identified by both the original immunoblot results (as analysed 

with the recomScan) and the greedy algorithm in this study are the severe TFI cases (either 

TFI 3 or TFI 4)(17), for the recomScan 78.9% and 81.8% – 83.3% for the greedy algorithm 

(table 2). Most (7/8) of the most severe cases (TFI 4) with occlusions of both fallopian tubes 

could be identified when the cut-offs of CPAF > 10.7 or OMP2 > 3.9 were used (table 2).
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Table 1. Comparison of ‘sensitivity’, ‘specificity’, ‘predictive values’, clinical ‘accuracy’, and clinical utility indices (CUI) 
for the immunoblot with positivity defined according to the manufacturer’s instructions, and according to our greedy 
algorithm(19). N.B.: The immunoblot was never designed to primarily detect TFI.

Cut-off False 
positives

TFI 
identified

“False 
positives” 
(%)

Sens Spec PPV NPV Accuracy CUI + CUI - Decision rule

0.00 6 0 (0.0) 18.2 100.0 100.0 82.2 82.9 18.2 82.2 CPAF > 9.5 or HSP60 > 3.9

0.05 6 0 (0.0) 18.2 100.0 100.0 82.2 82.9 18.2 82.2 CPAF > 9.5 or HSP60 > 3.9

0.10 6 0 (0.0) 18.2 100.0 100.0 82.2 82.9 18.2 82.2 CPAF > 9.5 or HSP60 > 3.9

0.15 9 1 (10.0) 27. 3 99.2 90.0 83. 8 84.2 24.5 83.1 CPAF > 8.8 or HSP60 > 3.9

0.20 10 2 (16.7) 30.3 98.4 83.3 84.2 84.2 25.3 82.9 CPAF > 8.8 & MOMP > 8.1, or 
OMP2 > 4.3

0.25 10 2 (16.7) 30.3 98.4 83.3 84.2 84.2 25.3 82.9 CPAF > 8.8 & MOMP > 8.1, or 
OMP2 > 4.3

0.30 11 3 (21.4) 33.3 97.6 78.6 84.7 84.2 26.2 82.7 CPAF > 10.7 or OMP2 > 3.9

0.35 11 3 (21.4) 33.3 97.6 78.6 84.7 84.2 26.2 82.7 CPAF > 10.7 or OMP2 > 3.9

0.40 11 3 (21.4) 33.3 97.6 78.6 84.7 84.2 26.2 82.7 CPAF > 10.7 or OMP2 > 3.9

Immunoblot original results

19 34 (64,2) 57.6 72.8 35.9 86.7 69.6 20.6 63.1

Total TFI

33

Table 2. Distribution of severity of TFI in identified TFI patients. TFI classification according to Land et al.(17) The 
majority of the TFI cases identified by both the original immunoblot results and the adapted cut-offs defined in our 
decision rule are the most severe TFI patients.

Cut-off False positives TFI identified TFI2 (%) TFI3 (%) TFI4 (%) Decision rule

0.00 6 1 (16,7) 1 (16,7) 4 (66,7) CPAF > 9.5 or HSP60 > 3.9

0.05 6 1 (16,7) 1 (16,7) 4 (66,7) CPAF > 9.5 or HSP60 > 3.9

0.10 6 1 (16,7) 1 (16,7) 4 (66,7) CPAF > 9.5 or HSP60 > 3.9

0.15 9 2 (22,2) 2 (22,2) 5 (55,6) CPAF > 8.8 or HSP60 > 3.9

0.20 10 2 (20,0) 2 (20,0) 6 (60,0) CPAF > 8.8 & MOMP > 8.1, or OMP2 > 4.3

0.25 10 2 (20,0) 2 (20,0) 6 (60,0) CPAF > 8.8 & MOMP > 8.1, or OMP2 > 4.3

0.30 11 2 (18,2) 2 (18,2) 7 (63,6) CPAF > 10.7 or OMP2 > 3.9

0.35 11 2 (18,2) 2 (18,2) 7 (63,6) CPAF > 10.7 or OMP2 > 3.9

0.40 11 2 (18,2) 2 (18,2) 7 (63,6) CPAF > 10.7 or OMP2 > 3.9

Immunoblot original results

19 4 (4,8) 7 (36,8) 8 (42,1)

Total TFI

33 11 (33,3) 14 (42,4) 8 (24,2)
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Discussion

This proof-of-principle study researches the contribution of separate types of antibodies in 

the prediction of TFI, in order to create a predictive value of CAT for TFI. Also combinations 

of antibody titres and adjustments in cut-off values to increase the clinical predictive value 

of CAT for TFI are studied.

Significant differences between antigen levels in TFI patients and controls were observed, 

however with these differences no clear distinction could be made between TFI patients 

and controls (figure 2), meaning that single antigens cannot be used to identify TFI patients. 

In this study we showed that with the adaptation of the original recomScan decision rule, 

we were able to correctly identify 18% of the TFI patients included in this study, with 100% 

specificity (table 1). The adapted decision rule that identifies 18% of TFI patients is ‘CPAF > 

9.5 or HSP60 > 3.9’. The sensitivity of this decision rule can be increased to detect more TFI 

patients (up to 33%), however this would slightly lower the specificity (100% to 97%), resulting 

in the inclusion of women without TFI (n=3; table 1). In this case most of the most severe 

TFI cases (TFI 4) would be included (7 out of 8; table 2). Due to overlap in titres between the 

antigens (figure 2) between TFI patients and controls we were not able to further distinguish 

between TFI patients and controls.

Initially the Mikrogen immunoblot was not developed for the prediction of TFI, but our results 

show the proof of principle that changing the cut-off values of the immunoblot can be 

used to increase identification of TFI patients with a high certainty. This also means that 

this assay can be used as a regular CAT with the added benefit of being able to predict 

TFI. Depending on the use of the decision rule in a clinical setting, changes in the decision 

rule can be made to either optimise specificity or to increase sensitivity. As can be seen in 

table 1, with adjustments in the decision rule sensitivity, specificity, negative and positive 

predictive values change. With the decision rule ‘CPAF > 9.5 or HSP60 > 3.9’ the sensitivity 

is relatively limited, but the specificity is high. When implementing such algorithm into the 

fertility work-up this would mean that the physician could decide to immediately refer these 

patients to IVF treatment without further testing, reducing the time to IVF and diagnostic 

costs for these patients.



91

If such decision rule would be implemented decisions on how such rule should be used in 

the fertility work-up should be made. The current decision rule identifies a few TFI patients 

very specifically. This is also reflected in the clinical utility indices. The clinical utility index 

was developed to incorporate both occurrence of an outcome (e.g. positive Chlamydia 

serology) and discrimination of the test (19). Our decision rule has a high negative clinical 

utility index of 82.2% - 83.1% which means that is able to accurately exclude most of the TFI 

negative patients (19). The positive clinical utility index is low (18.2% - 26.2%) which means 

that the decision rule is not able to accurately identify all TFI patients, but those that are 

identified are identified with high certainty. Fertility clinicians will have to choose whether 

identification of as many TFI patients as possible or identification of fewer TFI patients 

but with 100% certainty is preferred. When the immunoblot is implemented instead of the 

current CAT ELISA, then one test would give information on the Chlamydia serology (with 

the manufacturers algorithm), but will also give additional information on the likeliness of 

TFI when the cut-offs from our study are applied to the same antibody measurements. One 

test would therefore yield more information than the current CAT ELISA.

It should be kept in mind that not all TFI is caused by previous C. trachomatis infections and 

that this decision rule is based on C. trachomatis serology. Therefore some TFI patients will 

not be detected by this decision rule and this decision rule can therefore not fully rule-out 

TFI. For patients that are negative with this decision rule additional diagnostics remain 

advised. Due to the low sensitivity of the decision rule it cannot be used as a screening test, 

however the high specificity of the decision rule makes it valuable detection of TFI patients 

when the rule is applied.

The sensitivity, specificity, PPV, and NPV of the decision rule is higher than the algorithm 

of the Mikrogen immunoblot studied previously within the same study population(15). This 

was expected since the decision rule is made on this study population.

We observed that in all decision rules generated with our greedy algorithm CPAF antibody 

levels were included, while TARP was not discriminative enough in any of the decision rules.

This is in concordance with the study of Graspeuntner et al. that also found a significant 

higher level of IgG antibodies targeting chlamydial antigens MOMP, OMP2, CPAF, and HSP60, 

but not TARP in infertile women(20). Like the findings in our study their results also highlight 
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the role of HSP60, CPAF, and OMP2 in host-pathogen interactions in females with postin-

fectious infertility. The fact that CPAF antibodies were included in all decision rules made 

with our algorithm shows a strong predictive value for CPAF and may indicate an underlying 

biological mechanism. A previous trachoma study found that IgG antibody responses to 

CPAF are likely to be a marker and risk factor for infectious ocular disease severity(21). 

CPAF vaccinations in mice lead to protection against infertility following repeated genital C. 

trachomatis infections(22). CPAF is an important chlamydial virulence factor that enhances 

persistence of an infection by inhibiting cytokine production of the host’s immune system 

and degradation of host antimicrobial peptides(23, 24). This suggests that CPAF contributes 

to C. trachomatis pathogenicity and complications by aiding in ascending of infection.

The decision rule developed in this study is only based on the antigens available in the 

Mikrogen immunoblot. It shows the proof of principle that the analysis of this existing test 

can be extended to help improve TFI diagnosis. However, the sensitivity is relatively low for 

TFI prediction. The antigens in the Mikrogen immunoblot are likely not the only predictive 

antigens for TFI. The prediction of TFI could be improved with the addition of other antigens. 

Budrys et al. developed an antigen panel consisting of HSP60, CT376, CT557, and CT443 

that distinguish women with TFI from fertile women, who had at least one live birth and 

normal pelvic findings at laparoscopy, with a detection sensitivity of 63% and a specificity 

of 100%. However, the same combination of antigens also reacted with sera from STI 

patients(12). Even though our decision rule does not have such high sensitivity, we found a 

high specificity of HSP60 in the detection of TFI. Some antigens used in the study of Budrys 

et al. are not commercially available yet, but combining the antigens found by Budrys et 

al. with the antigens from the immunoblot may improve the sensitivity of the algorithm. 

Besides bacterial antigens, addition of other clinical variables (e.g. duration of subfertility), 

host (genetic) biomarkers(25), and/or the host vaginal microbiome(26) may further improve 

the TFI prediction.

One of the strengths this study is the well-defined study population that all underwent tubal 

patency testing after CAT. The TFI cases have been diagnosed with laparoscopy which is 

the reference test for detection of TFI.

The Mikrogen immunoblot was developed for the detection of C. trachomatis and not for the 

detection of TFI specifically. The test was therefore never validated in an infertility population. 
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However, this study shows the proof-of-principle that by adapting the cut-off values of the 

test without further altering the actual test itself, we were able to improve prediction of TFI 

patients in our study population. Our study population is relatively small and has a high 

prevalence of TFI and may therefore not be fully representative for a population in a clinical 

infertility setting. For clinical use these results should be validated in a larger cohort.

Since the Mikrogen Immunoblot was not developed for the detection of TFI the use of the 

statistical terms sensitivity, specificity, negative and positive predictive values is not fully 

correct in this study, however the underlying statistical principles remain the same and 

these terms are familiar to most readers making the interpretation of our outcome easier.

The greedy algorithm used in this study cannot be used in a large dataset with a large 

number of parameters due to its computational complexity which results is very long 

analyses time. To improve analysis times heuristics can be developed.

This study is a proof-of-principle that certain combination antibodies in serum are predictive 

for TFI, and that a commercially available test can be adapted to predict TFI. The decision 

rule made in this study detects 18% of all TFI patients in our study with a 100% specificity. 

Validation of this decision rule in a larger cohort is needed before implementing of such 

model into fertility clinics is possible.
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Abstract

Study question: Does C-reactive protein (CRP) as a marker of persisting low-grade inflamma-

tion, identify Chlamydia trachomatis IgG antibody test (CAT) positive women who are at the 

highest risk for tubal factor infertility (TFI)?

Summary answer: No association was found between slightly elevated CRP (seCRP) levels 

and TFI in our CAT-positive patient population.

What is known already: In the fertility work-up CAT is used to estimate the risk for TFI and to 

select high risk patients for additional invasive diagnostic procedures (e.g. hysterosalpingog-

raphy and laparoscopy). However, a high number of false positives exists among CAT-positive 

patients. In a previous study, it has been suggested that women with TFI may be identified more 

accurately when combining CAT with CRP, a marker for persistent low-grade inflammation.

Study design, size, duration: Our original retrospective cohort consisted of 887 consecutive 

female patients who visited the fertility clinic of a tertiary care centre between 2007 and 2015. 

All CAT-positive women who underwent laparoscopy (as the reference test for evaluation of 

tubal function) and who had not undergone previous pelvic surgery were included in the study. 

CRP was determined in spare serum samples and medical data was obtained by chart review.

Participants/materials, setting, methods: A total of 101 women (11.4%) were CAT positive, 

and 64 of these 101 women (7.2%) met all inclusion criteria. CAT was performed with an ELISA. 

TFI was assessed by laparoscopy and strictly defined as extensive peri-adnexal adhesions 

and/or distal occlusion of at least one tube. In spare sera CRP was performed with a high 

sensitivity CRP ELISA, and CRP levels between 3-10 mg/L were defined as positive. Analyses 

were corrected for BMI, endometriosis, and smoking.

Main results and the role of chance: There was no statistically significant association between 

seCRP level and TFI after adjusting for BMI, endometriosis and smoking (Odds Ratio 1.0; 95% 

CI 0.3-3.3; n=64).

Limitations, reasons for caution: Our retrospective study had a small sample size due to a 

low CAT-positivity rate and a conservative clinical policy with regard to invasive diagnostic 
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testing. Additionally, CRP levels were only measured once, while they may change throughout 

the menstrual cycle and in time.

Wider implications of the findings: Contrary to previous findings, our results show CRP is 

not suitable as a marker of persistent low-grade inflammation in CAT-positive women. Other 

inflammatory markers and immunogenetic host factors should be studied on their clinical 

validity and utility to improve non-invasive risk assessment for TFI in the fertility work-up.

Study funding/competing interest(s): This work was partially supported by the European 

EuroTransBio Grant [Reference number 110012 ETB] and the Eurostars grant (E!9372). S.A.M., 

fulltime employee of Amsterdam University Medical Centres location VUMC (0.56 fte) and the 

Maastricht University Medical Center (0.44 fte), is founder (2011) and CEO of TubaScan Ltd., 

a spin-off company, Dept. of Medical Microbiology and Infection Prevention, Amsterdam, the 

Netherlands. S.O. and E.F.v.E. at the time of conducting this research had a partial appointment 

at TubaScan Ltd.

What does this mean for patients? 

The fallopian tubes act as an internal channel for the movement of eggs and sperm. Chlamydia 

infection can damage the fallopian tubes, causing tubal factor infertility (TFI). TFI is best diag-

nosed by passing dye through the neck of the womb into the tubes to see if they are open, but 

such a test can be invasive, painful and expensive. A blood test (called CAT) can be abnormal 

in some women who are more likely to have TFI, but many women who test positive do not 

actually have this condition. It has been suggested that adding a second test for a protein called 

C-reactive protein (CRP) could help to improve its accuracy. In this study we used the CRP 

test in a group of women in whom the CAT test was abnormal, and who then underwent an 

accurate test for TFI by means of keyhole surgery (laparoscopy). Our results suggest that this 

extra blood test does not improve our chances of diagnosing TFI in women with an abnormal 

CAT test result.

6
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Introduction

The role of Chlamydia trachomatis in tubal factor infertility (TFI) is well established. C. tra-

chomatis antibodies can be detected in 67-84% of women with TFI (1, 2), and C. trachomatis 

IgG antibody testing (CAT) was introduced in the fertility work-up to identify patients at high 

risk for TFI in a non-invasive way. CAT was shown to have a high negative predictive value 

and specificity, both reported around 80-90% (3), which makes it suitable to identify infertile 

women without TFI. However, the positive predictive value and sensitivity have been reported 

to be around 50% (3), which makes CAT less useful in identifying women who have tubal 

pathology. Since CAT-positive women are generally offered an invasive diagnostic procedure, 

i.e. hysterosalpingography (HSG) or laparoscopy, false positive results should be minimized 

as they may lead to unnecessary, painful and expensive procedures.

CAT is a marker of a previous C. trachomatis infection, but CAT is not informative about the 

course of the infection (4). C. trachomatis IgG antibodies may be present in serum after a 

short, fast-cleared infection that most likely will not result in tubal damage. It may, however, 

also give rise to a persistent infection that may induce severe TFI (5). Therefore, a more 

accurate non-invasive screening test (combination) for TFI is needed, and a marker that 

indicates the course and severity of a previous C. trachomatis infection might improve the 

accuracy of predicting the risk of tubal damage and allow a better preselection of patients 

for additional invasive diagnostic procedures.

C-reactive protein (CRP) is excreted by hepatocytes in case of inflammation and is a marker 

for tissue damage (6). CRP levels are increased during acute inflammation (CRP ≥ 10 mg/L), 

but slightly elevated CRP (seCRP) levels (3-10 mg/L) are considered to reflect a persistent 

low-grade inflammation (6, 7). CRP levels have been used in cardiovascular disease to 

identify and monitor patients with ongoing inflammation, for example in atherosclerotic 

plaque formation (8). In cardiovascular disease patients, seCRP was confirmed as a proxy 

for higher risk of stroke and cardiovascular events (9).

In infertile women, Den Hartog et al. found CAT-positive women with seCRP levels to be 

at higher risk for TFI compared to CAT-positive women without elevated CRP (Odds Ratio 

(OR) 39.7, 95%CI 11.2-140.5)(10). This promising result in a small cohort of 22 CAT-positive 

women has not been confirmed so far. We aim to evaluate the association between seCRP 
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levels and TFI in CAT-positive women in an independent cohort. We restricted our study 

to CAT-positive women only since CAT-negative women are considered not to have had 

a previous C. trachomatis infection and a marker for persistent infection is therefore not 

relevant.

6



102

CHAPTER 6

Materials and Methods

Study population
We studied a cohort of consecutive female patients who visited the fertility clinic of the 

University Medical Centre Groningen (UMCG) between 2007 and 2015 for a fertility work-up. 

Blood was drawn for CAT from all patients at their initial visit, and spare serum was cryopre-

served at -20 degrees Celsius. Patients with a positive CAT were offered laparoscopy with 

methylene blue dye testing as part of their fertility work-up, unless anovulation or severe male 

factor infertility (requiring IVF/ICSI) was diagnosed. Only women with positive CAT results 

who had undergone laparoscopy as part of their fertility work-up, of whom spare serum 

was available for CRP testing, and who had not undergone previous pelvic surgery (except 

for an uneventful appendectomy or Caesarean section) were included in the present study 

(Figure 1). Relevant medical data were retrospectively collected from patient files including 

characteristics that may influence CRP levels, such as chronic diseases, endometriosis 

(peritoneal lesions with adhesions, endometrioma, or deep infiltrating endometriosis), 

smoking status (cigarettes/day), and BMI (kg/m2).

Ethical approval
Couples attending the fertility clinic at the UMCG are informed about possible use for 

research purposes of their anonymised medical data and spare serum samples that have 

been initially collected for diagnostic purposes, and a no-objection procedure is followed. 

Patients participating in the present study had not objected to their data and sera being 

used anonymously, and Institute Review Board approval was obtained from Amsterdam 

University Medical Centres (Letter reference: # 10.17.0046).
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Figure 1. Flow diagram showing the selection of CAT-positive patients for a study of C-reactive protein in the 
identification of women at high risk of TFI.CAT: Chlamydia trachomatis IgG antibody test ,CRP: C-reactive protein, 
TFI: tubal factor infertility.

TFI
TFI was based on laparoscopy findings exclusively, as laparoscopy is considered the refer-

ence standard for diagnosing adhesions and tubal patency. In this study TFI was defined as 

extensive peri-adnexal adhesions and/or distal occlusion of at least one tube (11). Women 

with no abnormalities at laparoscopy were considered TFI negative. Women who had few 

adhesions and/or proximal tubal occlusions were excluded, because they could not be 

grouped within our strict definition of TFI, but were also not considered completely TFI 

negative.

6
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CAT
Serum samples were tested for the presence of C. trachomatis IgG antibodies with Medac 

ELISA plus (Medac GmbH, Wedel, Germany) in routine care during the fertility work-up. 

Tests were performed according to the manufacturer’s instructions. The cut-off for the 

Medac ELISA plus samples was 28 AU/ml, and samples with antibody levels ≥28 AU/ml 

were considered positive and <28 AU/ml negative.

CRP testing
CRP was analysed in thawed sera using a high sensitivity CRP ELISA kit outside of routine 

care in a research setting (Alpha Diagnostics, San Antonio, Texas, USA). Levels between 

3.0 and 10.0 mg/L are considered to represent a chronic low-grade inflammation and 

were defined as positive in the present study, whereas results <3.0 and >10.0 mg/L were 

considered negative.

Statistical analyses
Considering the small sample size, baseline characteristics were not statistically analysed 

for differences. Logistic regression analyses were performed for the association between 

seCRP levels and TFI in CAT-positive women. The findings were adjusted for the baseline 

characteristics BMI, endometriosis, and smoking (Table 1) by including them as covariates 

in the logistic regression analyses. For patients suffering from chronic diseases unrelated to 

TFI that can affect CRP levels (e.g. auto-immune diseases, allergies, asthma and psoriasis) 

(12) separate analyses were performed. ORs, and 95% CIs were calculated using IBM SPSS 

22.0 (IBM Corp., Armonk, New York, USA).
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Results

The initial cohort consisted of 887 patients, of whom 101 (11.4%) had a positive CAT result. 

After excluding patients who did not undergo laparoscopy or did not fulfil the strict definition 

of TFI after laparoscopy, of whom not enough spare serum for CRP testing was available 

or had missing data, 64 (7.2%) patients were analysed (Figure 1). Baseline characteristics 

were summarized for both 41 TFI negative and 23 TFI positive patients (Table 1). As shown 

in Table 2, seCRP level was not associated with TFI, and also not after adjusting for BMI, 

endometriosis, and smoking. When analysed separately for patients who did not have a 

chronic disease that might cause elevated CRP levels (n=56), the association remained 

non-significant in both the unadjusted analysis and the analyses adjusted for BMI, endo-

metriosis, and smoking (Table 2).

Table 1. Patient characteristics in 64 CAT-positive women who underwent laparoscopy for assessment of tubal 
factor infertility.

TFI negative (n=41) TFI positive (n=23)

Age (years), mean (±SD) 30.7 (4.8) 30.6 (5.4)

Infertility at intake (years), mean (±SD) 1.3 (1.4) 1.4 (1.1)

Slightly elevated CRP levela, n (%) 12 (29.3) 7 (30.4)

CRP level (mg/L), mean (±SD) 2.8 (3.4) 3.2 (3.5)

BMI (kg/m2), mean (±SD) 23.6 (3.8) 22.8 (2.6)

Smoking (cigarettes/day), mean (±SD) 3.1 (6.3) 3.0 (4.4)

Chronic diseaseb, n (%) 5 (11.6) 3 (13.0)

Endometriosisc, n (%) 3 (2.4) 3 (4.3)

aCRP level 3.0-10.0 mg/L (indicating low-grade inflammation); ballergies, asthma, Crohn’s disease, eczema, hay 
fever, hypercholesterolemia, and psoriasis; cperitoneal lesions with adhesions, endometrioma, or deep infiltrating 
endometriosis

CAT: Chlamydia IgG antibody test, TFI: tubal factor infertility, CRP: C-reactive protein
 
Table 2. Logistic regression results in CAT-positive women to analyse a potential correlation between slightly elevated 
CRP and TFI.

TFI (n=64)
Odds Ratio (95%CI)

TFI excluding chronic diseasesb (n=56)
Odds Ratio (95%CI)

seCRPa

Unadjusted
1.1 (0.4-3.2) 1.2 (0.4-3.9)

seCRPa

Adjusted for BMI, endometriosis, and smoking
1.0 (0.3-3.3) 1.2 (0.4-4.0)

seCRP: slightly elevated CRP 
aCRP-level 3.0-10.0 mg/L (indicating low-grade inflammation); ballergies, asthma, Crohn’s disease, eczema, hay fever, 
hypercholesterolemia, and psoriasis.

6
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Discussion

In our study population of infertile CAT-positive women, seCRP levels were not associated 

with TFI (adjusted OR 1.01; 95%CI 0.31-3.29). In this independent cohort of 64 women we 

could not confirm the results of an earlier retrospective study by Den Hartog et al., who 

showed an improvement of TFI prediction by adding a CRP test to CAT in 22 CAT-positive 

women (10). In both studies the initial patient populations are comparable in terms of referral 

to Dutch fertility clinics and receiving comparable fertility work-up, but there are some differ-

ences between the two studies. Den Hartog et al. considered all patients without extensive 

peri-adnexal adhesions and/or distal occlusion of at least one tube as TFI-negative, while 

we only included women without any abnormalities as TFI-negative (10). In contrast to their 

analyses, we corrected for confounders from the literature, despite the small sample size, 

to illustrate the potential effect and value of these adjustments. Furthermore, the previous 

study used a different CRP test and cut-off value (1-10 mg/L). The cut-off used in the present 

study (3-10 mg/L) was based on recent publications on cardiovascular disease (13), but 

nonetheless, when lowering the cut-off in our study to the levels used in the Den Hartog 

study, the association between CRP and TFI remained non-significant (data not shown). 

Besides differences in the designs between these two studies, characteristics inherent to 

CRP as a marker for low-grade chronic inflammation could also have contributed to our 

non-confirmative results.

CRP is a general marker for inflammation. While we corrected for relevant confounders 

that were documented for the study population, i.e. BMI, endometriosis, and smoking (12), 

other factors may have contributed to not finding an association between CRP and TFI. 

CRP was measured only once in our study population, and it was unknown on which day of 

the menstrual cycle the samples were taken. Since CRP is influenced by hormonal levels 

(7) – oestrogen lowers CRP, progesterone increases CRP levels – it is theoretically possible 

that this factor was not equally distributed in our study population. Furthermore, while we 

excluded known chronic disorders related to low-grade inflammation, undocumented dis-

orders or nonspecific metabolic stress (13) can also have been present in some patients. 

Moreover, while CRP is stimulated through pro-inflammatory cytokines that play a role in cell 

damage, fibrosis and scarring, these cytokines are also necessary to clear an infection (14). 

This might explain why that, while CRP is a marker for low-grade persisting inflammation, it 

may not be a valid marker for tissue damage and C. trachomatis related TFI.
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A limitation of our study is its retrospective design, small sample size, and potential verifica-

tion bias. Only CAT-positive women that underwent laparoscopy were included, leading to 

a small sample size. Although the initial cohort consisted of 887 women, only 101 (11.4%) 

were CAT-positive. A low prevalence of CAT-positivity in infertile women of between 6 and 

16% has been reported by others as well (15-17). Laparoscopy is considered the reference 

test for diagnosing TFI, but not all CAT-positive women underwent this invasive procedure. 

Finally, women who had only a few adhesions or proximal tubal occlusions were excluded 

from the analyses as few adhesions were not considered to compromise fertility, and we 

had previously shown that CAT is not a suitable test to identify proximal tubal pathology (18). 

Although we included consecutive patients in a large fertility centre for a period of 9 years, 

this resulted in a homogeneous cohort of 64 eligible women. Nonetheless, a strength of our 

study lies in the real-life situation where the patient population originated.

In cardiovascular disease patients, CRP has been shown to be a useful marker of persisting 

low-grade inflammation and the risk of late complications, and in a previous study in infertile 

women promising results were seen when combining CAT and seCRP for estimating the 

risk of TFI. In the present study in CAT-positive infertile women we could not confirm these 

findings, and found that CRP is not a suitable marker for identifying a subgroup at highest 

risk for TFI. As there is a clinical need for adequate non-invasive screening tests for TFI, 

to enable preselection of patients for subsequent invasive diagnostic testing by HSG or 

laparoscopy, several other inflammatory factors to predict the course of C. trachomatis 

infection have been studied, such as heat shock protein 60, such as heat shock protein 60, 

and antibodies to specific chlamydial proteins (TroA and HtrA) (5, 19, 20). A sensitive and 

specific serum marker has not been found so far. Another study approach to identify women 

at high risk for TFI could be making use of genetic markers of the host’s immune system, 

as 40% of the variation in the course of infection by C. trachomatis can be explained by 

host genetics (21). Healthcare providers feel that they would perform such a genetic test if 

proven accurate, (cost-) effective and accompanied with professional training (22). Clinical 

validity and utility remain to be established to evaluate if implementation of such testing 

for host genetic factors in the fertility work-up will improve the prediction of C. trachomatis 

induced TFI.

6
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Abstract

Background: Chlamydia antibody testing (CAT) is used in the fertility work-up for the pre-

diction of tubal factor infertility (TFI). The accuracy of the CAT for the prediction of TFI can 

be improved, since non-Chlamydia induced TFI is not detected with CAT. In this study two 

models for detecting any tuboperitoneal abnormalities and severe TFI respectively, were 

developed based on CAT outcome and clinical patient characteristics.

Method: Between 2007-2017 802 infertile women who consecutively visited the fertility clinic 

in the University Medical Center in Groningen underwent either HSG or laparoscopy for tubal 

patency testing. 105 women had any tuboperitoneal abnormalities, of which 45 women had 

severe TFI. Patients with a normal HSG or normal laparoscopic findings were considered to 

be controls for the development model 1, and patients without severe TFI were considered 

controls for model 2. Clinical characteristics were retrospectively collected from the patient 

files. Potential prognostic factors for TFI were selected for the prediction models by binary 

logistic regression with backward selection. Both prediction models were internally validated.

Results: CAT conclusion, infertility duration, previous complicated appendicitis, hydrosalpinx 

or pseudocysts on ultrasound, previous induced abortion, ovarian cysts on ultrasound and 

suspicion of endometriosis at vaginal examination were predictors for any tuboperitoneal 

abnormalities (model 1). Model 1 had a good accuracy for TFI (AUC= 0.819). Model 2, pre-

dicting severe TFI, consisted of CAT conclusion, infertility duration, complicated appendicitis, 

hydrosalpinx or pseudocysts, and BMI, and had an excellent accuracy (AUC= 0.914). The AUC 

of both models was significantly higher than the accuracy for TFI of CAT alone (AUC= 0.69 

and 0.77).

Conclusion: In this study in infertile women two accurate models for the prediction of any 

tuboperitoneal abnormalities and severe TFI respectively, were developed based on CAT 

and various patient characteristics. Before clinical implementation of the models into the 

fertility work-up external validation in an independent cohort is required.
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Introduction

Chlamydia trachomatis (CT) infections is the most prevalent curable sexual transmitted 

infection (STI) worldwide and causes over 130 million cases each year(1). Over 75% of 

women have no clinical symptoms during a CT infection which impedes accurate diagnosis 

and treatment. Delayed treatment or lack of treatment may lead to severe complications 

of CT infection, such as pelvic inflammatory disease (PID), ectopic pregnancy, and tubal 

factor infertility (TFI).

It has been calculated that of urogenital CT infections 17.1% and 0.5% result in respectively 

PID and TFI(2). Even though a small percentage of CT infections result in TFI, the significance 

of this complication should not be underestimated considering the high prevalence of this 

STI worldwide. The highest impact and disease burden of a urogenital C. trachomatis infec-

tion may be TFI since unwanted childlessness often influences the psychological well-being 

of the concerning couple. Studies show that the prevalence of TFI within the subfertile 

female population is between 11% and 30%(3-5).

In the early 80’s Scandinavian researchers found elevated levels in serum of C. trachomatis 

IgG antibodies in women with PID or infertility due to distal occlusion of the fallopian tubes. In 

a group of infertile women, 57% had CT antibodies, compared to 29% in pregnant women(6, 

7). High titers of chlamydial antibodies (≽1/1024, analyzed with microimmunofluorescence) 

were found more frequently in women with TFI (46%) compared to pregnant women (16%) or 

infertile women with a normal hysterosalpingography (HSG) or normal laparoscopy results 

(8%)(7-10). Since the association between CT infection and TFI was found chlamydia anti-

body testing (CAT) has been used in the Netherlands in the fertility work-up as a screening 

test for the risk for TFI. The positive predictive value (PPV) for TFI of CAT ranges between 

29%-60%, for the negative predictive value (NPV) this is between 62%-93%(11, 12). In most 

countries CAT is not implemented in guidelines, or is discouraged due to its low predictive 

value. Guidelines agree that the choice of the method for diagnosing TFI should be based 

on medical history and physical examination(13-17).

In most guidelines worldwide (NVOG, NICE, ASRM, AAFP) hysterosalpingography (HSG) is 

the first choice of tubal patency testing, and laparoscopy is only indicated when there is a 

strong suspicion of advanced stage endometriosis, tubal occlusive disease or peritoneal 

7
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factors, even though laparoscopy is the gold standard for diagnosing TFI(13-16). Laparos-

copy is not recommended as a first choice diagnostic tool since it is an invasive, expensive, 

and time consuming technique that requires anesthesia. Although HSG is often the first 

choice tubal patency test, it should be kept in mind that the sensitivity and specificity of 

HSG for TFI are between 62%-75% and 74%-91% respectively (18), and adhesions around 

the fallopian tubes that can influence fertility cannot be visualized with this technique(19). 

Therefore, most guidelines agree that HSG is first choice for tubal patency testing when the 

patient characteristics, medical history, and physical exam are not or only slightly suspicious 

for TFI.

A meta-analysis shows that the combination of patient characteristics with CAT and HSG 

results give the best diagnostic performance for identifying patients with bilateral tubal 

pathology(18). Another systematic review shows that patient characteristics such as com-

plicated appendicitis, pelvic surgery, PID, endometriosis, and previous STI’s were strongly 

associated with presence of tuboperitoneal pathology(20). A prediction model that combines 

patient characteristics with clinical findings may improve the accuracy of prediction of 

patients with TFI and would be beneficial for the speed of diagnosis and treatment of TFI 

or referral to in vitro fertilization (IVF).

Clinical prediction models and prediction rules may discriminate between high and low risk 

groups of patients, and may support treatment decisions. Therefore, they are commonly 

used in clinical practice of many medical specialties. In fertility clinics prediction models 

for natural conception are used and evaluated in several studies(21-24). For the prediction 

of TFI such a prediction model does not exist yet.

The purpose of this study is to develop two clinical prediction models in a large dataset of 

infertile women to determine the risk of TFI by using clinical patient characteristics, data 

from medical history and physical examination, and CT IgG serology results. These models 

should discriminate female patients with any tuboperitoneal abnormalities (model 1) or 

severe TFI (model 2), from patients without tuboperitoneal abnormalities in the fertility 

work-up setting, to the extent that more accurate referral and timely treatment of patients 

with and without TFI is facilitated. The accuracy of both models for the prediction of TFI are 

compared to the accuracy of CAT only.
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Methods

Study design and population
In this study clinical data and serological samples were collected from 936 Dutch Caucasian 

infertile (i.e. not having conceived after at least one year of unprotected intercourse) women 

who had their first visit in the fertility clinic of the University Medical Center in Groningen 

(UMCG), the Netherlands, between 2007 and 2017. As part of the fertility work-up blood 

was drawn in all women and a chlamydia antibody test (CAT) was performed by Medac 

IgG pELISA. Borderline ELISA results were considered as negative. Patients at high risk 

for TFI (based on positive CAT and/or medical history or physical examination) underwent 

laparoscopy, while in patients with a presumed low risk for TFI HSG was done. Women with 

abnormal findings during HSG were also referred for laparoscopy. Clinical data and CAT 

results were retrospectively collected from the medical files in 2017 in order to build the 

database for this study. Medical history was self-reported by the patients in standardized 

questionnaires. Vaginal examination and ultrasound were done by intake of all patients and 

were performed by gynecologists who worked in the fertility clinic in the UMCG. HSG and 

laparoscopy were done on indication based on the medical intake and CAT results.

Women who had previous reconstructive surgery for reversal of sterilization or had another 

indication for HSG or laparoscopy than tubal patency testing were excluded from the 

database. Also patients with missing relevant data from medical history, physical exam or 

ultrasound were excluded.

After exclusion, 802 patients remained in the database of whom 208 women underwent 

laparoscopy and 594 women underwent HSG only. Patients who underwent HSG only had 

no abnormalities on HSG, since they were not referred to laparoscopy, and were considered 

as controls. Patients who underwent laparoscopy were either cases or controls based on 

the findings during the procedure. Of the total of 802 patients 105 had any tuboperitoneal 

abnormalities and 45 of those 105 had severe TFI.

Ethical approval
Women attending the UMCG fertility clinic were offered a broad “no objection” procedure and 

the participating women declared no objection for the use of their anonymized medical data. 

This procedure was approved by the medical ethical board of the UMCG (METc2016.309).

7
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Outcome
Two models were developed to predict two different outcomes: any tuboperitoneal abnor-

malities and severe TFI.

Model 1 – Any abnormalities: patients with any abnormalities seen during laparoscopy were 

considered cases. Any (tuboperitoneal) abnormalities was defined as any peritubal and/or 

periovarian adhesions, and/or proximal or distal occlusion of at least one tube(25). Patients 

with a normal HSG or normal laparoscopic findings were considered to be controls.

Model 2 – Severe TFI: patients with severe TFI were considered to be cases. Severe TFI was 

defined as extensive periadnexal adhesions and/or distal occlusion of at least one tube, and 

was a subgroup of the total TFI population of this study(25). Patients with abnormalities who 

did not meet the criteria of severe TFI or had a normal laparoscopy or HSG were considered 

to be controls in the development of model 2.

Model 1 discriminates between any abnormalities and no tuboperitoneal abnormalities. 

Model 2 discriminates between severe TFI and others (i.e. normal tuboperitoneal status 

and any abnormalities). By combining these two models, the chances of no TFI, any tubo-

peritoneal abnormalities, and severe TFI can be predicted.

Selection of prognostic factors
Selection of prognostic factors was based on the available data in the patients documents 

and results from previous studies that evaluate the association between TFI and clinical 

findings(20, 26). The following potential prognostic factors were considered as predictor 

for TFI in both models: age at intake in the fertility clinic, infertility duration, medical history 

(chronic systemic diseases, allergic diseases, (un)complicated appendicitis, reconstructive 

ovarian surgery, induced abortion), body mass index (BMI), suspicion for endometriosis 

based on vaginal examination, ovarian cysts on ultrasound, hydrosalpinges or pseudocysts 

on ultrasound, CAT results and CAT titers (table 1). Medical history was self-reported by the 

patients during their fertility intake. Self-reported STI history was not taken into account.

Because of the small numbers of patients with chronic systemic diseases and allergic 

diseases, the variety of conditions was either classified as chronic systemic disease or 

allergic disease.
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Definitions of clinical factors
Medical history, patient characteristics, vaginal exam and ultrasound findings, and CAT 

results were all reported in the database. Listed below are the definitions of the clinical 

factors that were collected in the database.

- Chronic systemic disease: chronic disease that is not caused by an allergen. Crohn’s 

disease, colitis ulcerosa, Graves’ disease, systemic lupus erythematosus, rheumatoid 

arthritis, vasculitis, Sjogren’s disease, autoimmune hepatitis, cystic fibrosis, and Bech-

terew’s disease were clustered as chronic systemic disease.

- Allergic disease: this category includes asthma, hay fever, eczema, hives, and allergies 

not further specified.

- Uncomplicated appendicitis: appendicitis that has been treated by appendectomy within 

hours after presentation of symptoms, without rupture of the appendix or postoperative 

complications or infections.

- Complicated appendicitis: appendicitis with perforation of the appendix with subsequent 

peritonitis or appendectomy with postoperative complications.

- Reconstructive ovarian surgery: this category only includes women who underwent a 

cystectomy.

- Induced abortion: all induced abortions in this category were done with curettage (no 

medical abortions).

- BMI: calculated based on self-reported length and weight.

- Suspicion for endometriosis during vaginal examination: palpable anomalies in cavum 

Douglasi suspicious for deep infiltrating endometriosis.

- Ovarian cysts on ultrasound: echogenic anomalies suspious for cysts.

- Hydrosalpinx or pseudocysts on ultrasound: visible unilateral or bilateral hydrosalpinges 

or pseudo-cysts suggestive for adhesions

- CAT titers: CT IgG concentration in serum in AU/ml

- CAT results: CT IgG result based on the Medac ELISA plus. Grey-zone results are con-

sidered to be negative. Cut-off values were according the manufacturers protocol: <22 

AU/ml is negative, 22-28 AU/ml is borderline, and >28 AU/ml is positive.

- Age: patient’s age at time of intake in the fertility clinic.

- Infertility duration: time since attempt to conceive until moment of intake in the fertility 

clinic.

7
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Model building process
Both models were built using the same method. The potential prognostic factors were 

divided into groups: medical history, physical examination, ultrasound, patient characteris-

tics, and CAT (table 1). Each group was separately analysis in binary logistic regression with 

backward selection. P-values for inclusion were either P<0.05 or P<0.157. The predictive 

factors that remained in each group were then combined into a final logistic regression. 

The outcome from the final logistic regression was then used for development of Receiver 

Operating Characteristic (ROC) curves and calculation of the area under the curve (AUC) and 

its 95%-confidence interval (95%CI). Analyses were performed using IBM SPSS statistics 22.

From the logistic regression model a regression formula was built. The first step in the 

regression formula was calculation of the linear predictor. In the linear predictor regression 

coefficients from the logistic regression are multiplied with predictor values. For binary 

predictors 0/1 coding is used in the regression formula, for continuous values the value 

outcome is used. Calculation of the linear predictor (lp) is as follows:

   lp= a + b1*x1 + b2*x2 + b3*x3…

With a=constant factor, b1,2,3…=regression coefficients and x1,2,3…=predictor values.

As a second step, both models were internally validated. This is required because prediction 

models generally perform better in the dataset used to develop the model than in other 

comparable datasets. This results in optimistic regression coefficients and performance 

measures. For this, bootstrapping techniques were used, i.e. to simulate the performance 

of the model with respect to the AUC in comparable patient datasets. Also the regression 

coefficients were adjusted as well as the intercept value (corrected for optimism). Internal 

validation was done using R version 3.4.2 and the ‘rms’ package, version 5.1-2.

As a last step, the linear predictor values should be translated to the predicted probability 

of any tubal abnormalities (using the lp of model 1) or severe TFI (using the lp of model 2). 

Calculation of predicted probability (p):

        P 
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Table 1. Overview of potential prognostic factors for TFI that were analyzed in the model building process. Values 
were either binary or continuous. CAT: Chlamydia Antibody Test. BMI: Body Mass Index.

Medical history

Chronic systemic disease yes/no

Allergic disease yes/no

Uncomplicated appendicitis yes/no

Complicated appendicitis yes/no

Reconstructive ovarian surgery yes/no

Induced abortion yes/no

Patient characteristics

Age at intake continuous value

Infertility duration continuous value

Physical examination

BMI continuous value

Vaginal examination: suspicion for endometriosis yes/no

Ultrasound

Ovarian cysts yes/no

Hydrosalpinx or pseudocysts yes/no

CAT

CAT result positive/negative

CAT titer continuous value

7
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Results

Table 2 shows the baseline characteristics of the study population. All women were between 

18 and 41 years of age at time of presentation, with a mean age of 31.4 years. Infertility 

duration varied from 0-16 years with a mean duration of 1.56 years. Of all women 69.5% 

suffered from primary infertility and 30.5% had secondary infertility. The mean BMI in this 

study population was 24.1 kg/m2. Table 3 shows the number of patients that were positive 

for the variables and the mean and range of the continuous values.

Chronic systemic and allergic diseases, uncomplicated appendicitis, reconstructive ovarian 

surgery, age at intake, and CAT titer were neither predictive for any tuboperitoneal abnor-

malities nor severe TFI in model 1 and 2.

Table 2. Baseline characteristics.

Baseline characteristics (n= 802) Mean Range

Age at intake (years) 31.4 18-41

Infertility duration 1.6 0-16

Infertility, primary (%) 69.5

BMI 24.1 16.0-41.0

Smoking (%) 22

 
Prediction model 1 (any tuboperitoneal abnormalities)
The predictive factors per block were medical history: complicated appendicitis, reconstructive 

ovarian surgery, and induced abortion; patient characteristics: age at intake and infertility dura-

tion; physical examination: suspicion for endometriosis during vaginal examination; ultrasound: 

ovarian cysts and Hydrosalpinx or pseudocysts; CAT: CAT conclusion. The results from the 

logistic regression with p<0.05 were comparable to those with P<0.157. Therefore, only the data 

from the models with P<0.05 are presented. The variables that remained after the block logistic 

regressions were used in the final logistic regression. The outcome is presented in table 4.
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Table 3. The number (N) of patients that were positive for the variables. Continuous variables are expressed in 
mean and range.

Medical history N Mean Range

Chronic systemic disease 33 - -

Allergic disease 90 - -

Uncomplicated appendicitis 35 - -

Complicated appendicitis 17 - -

Reconstructive ovarian surgery 7 - -

Induced abortion 29 - -

Patient characteristics

Age at intake - 31.4 18-41

Infertility duration - 1.53 0-16

Physical examination

BMI - 24.1 16.0-41.0

Vaginal examination: suspicion for endometriosis 14 - -

Ultrasound

Ovarian cysts 15 - -

Hydrosalpinx or pseudocysts 20 - -

CAT

CAT titer - 17.9 0.0-342.5

CAT result (pos/neg) 100/702 - -

Variables in the Equation

Table 4. Outcome of the logistic regression used to detect significant predictive variables for any tuboperitoneal 
abnormalities. Exp(B): exponent of regression coefficient.

Regression 
coefficient (B)

Standard 
error p Exp(B)

95% C.I. for EXP(B)

Lower Upper

CAT conclusion 2.464 .272 .000 11.750 6.900 20.009

Infertility duration .201 .061 .001 1.223 1.086 1.378

Complicated appendicitis 2.027 .621 .001 7.589 2.245 25.655

Hydrosalpinx or pseudocysts 2.766 .594 .000 15.889 4.960 50.903

Induced abortion 1.327 .484 .006 3.770 1.460 9.736

Suspicion endometriosis 2.860 .615 .000 17.464 5.233 58.286

Ovarian cysts 1.953 .614 .001 7.0448 2.115 23.484

Constant -3.259 .219 .000 .038
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After correction for optimism the linear predictor for model 1 becomes:

lp =  -3.1479 + 1.894188 * Complicated appendicitis + 1.2402439 * Induced abortion + 

2.6730729 * Endometriosis + 1.8250610 * Ovarian cysts + 2.5847564 * Hydrosalpinx or 

pseudocysts + 2.302707 * CAT conclusion + 0.1882632 * Infertility duration

As the ROC curve in figure 1 shows, the model had a good discriminative capacity with 

an AUC of 0.826 (0.819 when corrected for optimism; 95%CI 0.775-0.877). The AUC of 

the prediction of any tuboperitoneal abnormalities by CAT serology only was 0.695 (95%CI 

0.632-0.757).

Prediction model 2 (severe TFI)
The predictive variables per block for severe TFI were medical history: complicated appen-

dicitis; patient characteristics infertility duration; Physical examination: BMI; ultrasound: 

Hydrosalpinx or pseudocysts; CAT: CAT conclusion. Also for the prediction of severe TFI 

the results from the logistic regression with p<0.05 were the same those with P<0.157. 

Only the data from the models with P<0.05 are presented. Table 5 shows the variables that 

remained after the block logistic regressions that were used in the final logistic regression.

 

Figure 1. ROC curve of the prediction of model 1 for any tuboperitoneal abnormalities. AUC = 0.819 (95%CI 0.775-0.877)
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Variables in the Equation 

Table 5. Outcome of the logistic regression analysis used for determination of the variables that are significantly 
predictive for severe TFI. Exp(B): exponent of regression coefficient.

Regression 
coefficient (B)

Standard 
Error p Exp(B)

95% C.I. for EXP(B)

Lower Upper

CAT conclusion 3.111 .404 .000 22.451 10.177 49.528

Infertility duration .201 .084 .017 1.223 1.036 1.443

Complicated appendicitis 2.542 .774 .001 12.704 2.789 57.874

Hydrosalpinx or pseudocysts 3.673 .658 .000 39.388 10.851 142.970

BMI -.147 .059 .013 .863 .768 .969

Constant -1.276 1.340 .341 .279

After correction for optimism the linear predictor for model 2 becomes:

lp = -1.3073 + 2.9682207 * CAT conclusion + 0.1918823 * Infertility duration + 2.4250245 * 

Complicated appendicitis + 3.5044826 * Hydrosalpinx or pseudocysts – 0.1405048 * BMI

As the ROC curve in figure 2 shows, the model had a good discriminative capacity with 

an AUC of 0.915 (0.914 after correction for optimism; 95%CI 0.875-0.956). The AUC of the 

prediction of severe TFI by CAT serology only was 0.770 (95%CI 0.685-0.855).

Figure 2. ROC curve of model 2 for the prediction of severe TFI. AUC = 0.914 (95%CI 0.875-0.956)
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Examples of using the prediction models
Table 6 shows the clinical characteristics of two patients that are used as an example to 

demonstrate how to use both models. These examples show how different patient charac-

teristics lead to different chances of any abnormalities and severe TFI.

For patient 1 the risk of any tuboperitoneal abnormalities (model 1) is 26%. The risk for severe 

TFI (model 2) in patient 1 is 12%. For patient 2 the risk of any tuboperitoneal abnormalities 

(model 1) is 97%. The risk for severe TFI (model 2) in patient 2 is 93%.

Table 6. Examples of two patients with different clinical characteristics.

Patient 1 Patient 2

Complicated appendicitis yes (1) no (0)

Induced abortion no (0) yes (1)

Suspicion for endometriosis no (0) no (0)

Ovarian cyst(s) no (0) no (0)

Hydrosalpinx or pseudocysts no (0) yes (1)

CAT conclusion negative (0) positive (1)

Infertility duration 1 year 3 years

BMI 23.8 22.1
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Discussion

In this study we developed two models for the prediction of any tuboperitoneal abnormalities 

and severe TFI in infertile women, defined as any periadnexal adhesions and/or proximal 

or distal occlusion of at least one tube, and as extensive periadnexal adhesions and/or 

distal occlusion of at least one tube respectively. We identified that previous complicated 

appendicitis, Hydrosalpinx or pseudocysts on ultrasound, CAT result and infertility duration 

were associated with both any tuboperitoneal abnormalities and severe TFI. In combination 

with these variables BMI was also of significant influence in the prediction of severe TFI. 

For any tuboperitoneal abnormalities also induced abortion, suspicion for endometriosis 

on vaginal examination, and ovarian cysts on ultrasound contributed to prediction model 1. 

The AUC for model 1 was 0.819 (after internal validation), which implies that model 1 has 

a ‘good’ accuracy for the prediction of women with any tuboperitoneal abnormalities. The 

AUC for model 2 after internal validation was 0.914, which means an ‘excellent’ accuracy for 

the prediction of severe TFI. Both model 1 and model 2 had a significant higher accuracy 

for the prediction of TFI than CAT only. The AUC for the prediction of any tuboperitoneal 

abnormalities by CAT serology only was 0.695 (95%CI 0.632-0.757) and 0.770 (95%CI 

0.685-0.855) for prediction of severe TFI. In reproductive medicine, many models have 

been developed for among others prediction of natural conception, IVF treatment failure, 

and live birth after oocyte cryopreservation, but prediction models for TFI have not been 

developed yet. Therefore, comparison of our models to earlier research is not possible. 

However, some of the variables that are identified in our models have been previously 

investigated for their role in tubal infertility. Systematic reviews and meta-analysis revealed 

no significant association between previous appendectomy and tubal infertility(29, 30), but in 

the meta-analysis no distinction was made between complicated and uncomplicated appen-

dicitis. Although some studies suggest an association between complicated appendicitis 

and TFI, these findings were not statistically significant(31-33). Identification of complicated 

appendicitis as a significant factor in both of our prediction models is explained by the fact 

that a multivariable logistic regression analysis was used. The combination of variables in 

this model is predictive for TFI and each individual variable might be not predictive for TFI in 

its own. Infertility duration is known to be a predictor for pregnancy. After 3 years of infertility 

the prognosis for spontaneous pregnancy is poor. After 3 years of infertility each month of 

infertility reduces the chance of pregnancy with 2%, up to 25% reduction per year(34). The 

association between infertility duration and risk for TFI has not been studied previously. The 
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longer infertility persists, the smaller the change of natural conception and the higher the 

chance that serious tubal damage has occurred. Although the role of CAT in the prediction 

of TFI has been questioned since the last decade, this study shows that in combination with 

other variables CAT can distinguish between patients with and without TFI. The additional 

value of CAT in the prediction models for TFI could be further examined in our database by 

analyzing the clinical variables without CAT in the multivariable logistic regression. This could 

also provide information on the prediction of non-chlamydial induced TFI. The contribution 

of hydrosalpinx or pseudocysts suggestive for adhesions on ultrasound to both model 1 

and 2 was expected. Hydrosalpinx is fluid-filled dilatation of the fallopian tube resulting 

from obstruction of the distal segment. A common cause is prior episodes of PID(35, 36). 

Findings of hydrosalpinx or peritubal adhesions is thus strongly suggestive to TFI. Ovarian 

cysts on ultrasound and suspicion of endometriosis on vaginal exam contributed in model 

1 to the prediction of any tuboperitoneal abnormalities, but not in model 2. Endometriosis 

is common in infertile women and often causes minimal symptoms. Endometriosis most 

often causes superficial peritoneal or ovarian lesions; about 5% of endometriosis patients 

have deep infiltration endometriosis(37). Only severe forms of endometriosis are palpable 

during vaginal examination. The most common site of endometriosis are the ovaries, anterior 

and posterior cul-de-sac, posterior broad ligaments and uterosacral ligaments(38). The 

fallopian tubes are not a common site of endometriosis. In our database 60% of patients 

with ovarian cysts on ultrasound had endometrial cysts (diagnosis based on density of the 

cysts). In case of suspicion for endometriosis during vaginal examination, tuboperitoneal 

adhesions might be expected but tubal blockage is not. This might be an explanation for 

the role of findings of endometriosis and ovarian cysts in model 1, and not in model 2 which 

predicts severe periadnexal adhesions and/or distal occlusion of at least one tube. Induced 

abortion is included in model 1. The prevalence of CT infections in women who undergo 

elective pregnancy termination is 2.5%-8%, which is higher than in the general population. 

The women in studies that report these numbers belong to the risk group for TFI, due to 

their age (15-24 years), socio-economic status, and risk behavior (e.g. multiple sex partners)

(39-41). In our patients we could not confirm this finding, as we had no information on 

socio-economic status and previous number of sex partners. However 24% of patients with 

induced abortion in our database was CAT positive, compared to 12% in women who did not 

have induced abortions in their history. Also 38% of women with induced abortions were 

smokers vs 21% of women without induced abortions. These number suggest more risk 

full behavior in women who have had an induced abortion. History of induced abortion may 
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suggest that the person has had unprotected intercourse several times, which increases the 

risk for STI’s and TFI(42-44). It should be kept in mind that although most variables in both 

models can be clinically explained, the analyses done in this study detect a combination 

of variables that is significantly predictive. The model tries to make the best discrimination 

between cases and controls. The model itself is driven by statistics and not by biological 

mechanisms. Therefore it may not be possible clinically and/or biologically substantiate all 

observed variables. 

BMI was found to be a negative predictor in the prediction model for severe TFI (model 2). 

The negative prediction of BMI for severe TFI in our database may be due to selection of 

the study population from a third line healthcare center. Obesity is well-known to impair 

fertility(45). The probability of a spontaneous pregnancy declines linearly with a BMI over 

29 kg/m2. Women with a high BMI have a 4% lower pregnancy rate per kg/m2 increase(46). 

Therefore it is very well possible that physicians from first and second line healthcare centers 

tend to refer patients with a higher BMI to a third line center for fertility work-up and IVF. 

Since our patient population is from a third line fertility healthcare center, there may be an 

overrepresentation of patients with a high BMI. These patients do have fertility problems, 

but in most cases their infertility is not due to severe TFI. In the database used in this study, 

severe TFI is more common in patients without high BMI, which is represented in model 

2 as BMI being a negative predictor for severe TFI.  One of the strengths of this study 

is the systematic work-up of each patient included in our database and uniformity in the 

collection of our data. Due to the amount of information available about each patient highly 

accurate prediction models could be developed. Limitations of our study is the retrospective 

data collection, self-reported medical history, and the subjectivity of the clinician reports of 

vaginal examination, ultrasound finding, and HSG and laparoscopy outcome. In our study 

HSG outcomes are used in defining most of our controls. As stated before the positive 

predictive value of HSG is not very high, but the negative predictive value is. Therefore, 

it is justified to refrain from further tubal testing in patients with normal HSG results. All 

patients who were considered as controls had a normal tubal patency test. All patients 

with abnormal HSG results were referred to further diagnostics to include or exclude TFI. 

It would have been interesting to verify all HSG outcomes with a laparoscopy, such that all 

HSG outcomes could be included in the logistic regression analyses for the development 

of our models. Obviously, preforming laparoscopy on every patients is neither desirable 

nor feasible. For clinical implementation of the two models that were developed in this 
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study, the models should be transformed into a ready to use form such as a nomogram; 

a graphical calculating device designed to allow the approximate graphical computation 

of a mathematical function. Also calculation devices such as score risk charts are often 

used in daily practice and are easily usable. Before developing a calculation rule our models 

should be externally validated in an independent cohort. A cohort for external validation is 

being collected in the University Medical Center of Maastricht and will be completed next 

year. In conclusion, we have developed two models for the prediction of any tuboperitoneal 

abnormalities and severe TFI respectively in infertile women, which might be applicable in 

the fertility guidelines and work-up after external validation is done. 



131

References

1. Newman L, Rowley J, Vander Hoorn S, Wijesooriya NS, Unemo M, Low N, et al. Global Estimates of the Prev-

alence and Incidence of Four Curable Sexually Transmitted Infections in 2012 Based on Systematic Review 

and Global Reporting. PLoS One. 2015;10(12):e0143304.

2. Price MJ, Ades AE, Soldan K, Welton NJ, Macleod J, Simms I, et al. The natural history of Chlamydia trachomatis 

infection in women: a multi-parameter evidence synthesis. Health Technol Assess. 2016;20(22):1-250.

3. Hull MG, Glazener CM, Kelly NJ, Conway DI, Foster PA, Hinton RA, et al. Population study of causes, treatment, 

and outcome of infertility. Br Med J (Clin Res Ed). 1985;291(6510):1693-7.

4. Snick HK, Snick TS, Evers JL, Collins JA. The spontaneous pregnancy prognosis in untreated subfertile couples: 

the Walcheren primary care study. Hum Reprod. 1997;12(7):1582-8.

5. Collins JA, Burrows EA, Wilan AR. The prognosis for live birth among untreated infertile couples. Fertil Steril. 

1995;64(1):22-8.

6. Mardh PA, Svensson L. Chlamydial salpingitis. Scand J Infect Dis Suppl. 1982;32:64-72.

7. Punnonen R, Terho P, Nikkanen V, Meurman O. Chlamydial serology in infertile women by immunofluorescence. 

Fertil Steril. 1979;31(6):656-9.

8. Moore DE, Spadoni LR, Foy HM, Wang SP, Daling JR, Kuo CC, et al. Increased frequency of serum antibodies 

to Chlamydia trachomatis in infertility due to distal tubal disease. Lancet. 1982;2(8298):574-7.

9. Conway D, Glazener CM, Caul EO, Hodgson J, Hull MG, Clarke SK, et al. Chlamydial serology in fertile and infertile 

women. Lancet. 1984;1(8370):191-3.

10. Jones RB, Ardery BR, Hui SL, Cleary RE. Correlation between serum antichlamydial antibodies and tubal factor 

as a cause of infertility. Fertil Steril. 1982;38(5):553-8.

11. Land JA, Gijsen AP, Kessels AG, Slobbe ME, Bruggeman CA. Performance of five serological chlamydia antibody 

tests in subfertile women. Hum Reprod. 2003;18(12):2621-7.

12. Muvunyi CM, Claeys L, De Sutter T, De Sutter P, Temmerman M, Van Renterghem L, et al. Comparison of 

four serological assays for the diagnosis of Chlamydia trachomatis in subfertile women. J Infect Dev Ctries. 

2012;6(5):396-402.

13. NVOG. Oriënterend Fertiliteits Onderzoek (OFO). 2018.

14. (NICE) NIfHaCE. Fertility problems: assessment and treatment. NICE guidelines 2016.

15. Practice Committee of the American Society for Reproductive M. Diagnostic evaluation of the infertile female: 

a committee opinion. Fertil Steril. 2015;103(6):e44-50.

16. Lindsay TJ, Vitrikas KR. Evaluation and treatment of infertility. Am Fam Physician. 2015;91(5):308-14.

17. Society CFaA. CFAS Consensus Document for the Investigation of Infertility. 2002.

7



132

CHAPTER 7

18. Broeze KA, Opmeer BC, Coppus SF, Van Geloven N, Den Hartog JE, Land JA, et al. Integration of patient 

characteristics and the results of Chlamydia antibody testing and hysterosalpingography in the diagnosis of 

tubal pathology: an individual patient data meta-analysis. Hum Reprod. 2012;27(10):2979-90.

19. Swart P, Mol BW, van der Veen F, van Beurden M, Redekop WK, Bossuyt PM. The accuracy of hysterosalpin-

gography in the diagnosis of tubal pathology: a meta-analysis. Fertil Steril. 1995;64(3):486-91.

20. Luttjeboer FY, Verhoeve HR, van Dessel HJ, van der Veen F, Mol BW, Coppus SF. The value of medical history 

taking as risk indicator for tuboperitoneal pathology: a systematic review. BJOG. 2009;116(5):612-25.

21. Hunault CC, Habbema JD, Eijkemans MJ, Collins JA, Evers JL, te Velde ER. Two new prediction rules for 

spontaneous pregnancy leading to live birth among subfertile couples, based on the synthesis of three previous 

models. Hum Reprod. 2004;19(9):2019-26.

22. Leushuis E, van der Steeg JW, Steures P, Bossuyt PM, Eijkemans MJ, van der Veen F, et al. Prediction models 

in reproductive medicine: a critical appraisal. Hum Reprod Update. 2009;15(5):537-52.

23. van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes PG, Broekmans FJ, et al. Pregnancy is 

predictable: a large-scale prospective external validation of the prediction of spontaneous pregnancy in 

subfertile couples. Hum Reprod. 2007;22(2):536-42.

24. Bensdorp AJ, van der Steeg JW, Steures P, Habbema JDF, Hompes PGA, Bossuyt PMM, et al. A revised 

prediction model for natural conception. Reprod Biomed Online. 2017;34(6):619-26.

25. Land JA, Evers JL, Goossens VJ. How to use Chlamydia antibody testing in subfertility patients. Hum Reprod. 

1998;13(4):1094-8.

26. Chen S, Van den Hoek A, Shao C, Wang L, Liu D, Zhou S, et al. Prevalence of and risk indicators for STIs among 

women seeking induced abortions in two urban family planning clinics in Shandong province, People’s Republic 

of China. Sexually Transmitted Infections. 2002;78(3):e3-e.

27. Tape T. Interpreting Diagnostic Tests Omaha, NE: University of Nebraska Medical Center; 2009 [Available from: 

http://gim.unmc.edu/dxtests/Default.htm.

28. Vining DJ, Gladish GW. Receiver operating characteristic curves: a basic understanding. Radiographics. 

1992;12(6):1147-54.

29. Elraiyah T, Hashim Y, Elamin M, Erwin PJ, Zarroug AE. The effect of appendectomy in future tubal infertility and 

ectopic pregnancy: a systematic review and meta-analysis. J Surg Res. 2014;192(2):368-74 e1.

30. Rasmussen T, Fonnes S, Rosenberg J. Long-Term Complications of Appendectomy: A Systematic Review. 

Scand J Surg. 2018:1457496918772379.

31. Geerdsen J, Hansen JB. Incidence of sterility in women operated on in childhood for perforated appendicitis. 

Acta Obstet Gynecol Scand. 1977;56(5):523-4.

32. Trimbos-Kemper T, Trimbos B, van Hall E. Etiological factors in tubal infertility. Fertil Steril. 1982;37(3):384-8.



133

33. Puri P, McGuinness EP, Guiney EJ. Fertility following perforated appendicitis in girls. J Pediatr Surg. 

1989;24(6):547-9.

34. Ray A, Shah A, Gudi A, Homburg R. Unexplained infertility: an update and review of practice. Reprod Biomed 

Online. 2012;24(6):591-602.

35. Rezvani M, Shaaban AM. Fallopian tube disease in the nonpregnant patient. Radiographics. 2011;31(2):527-48.

36. Benjaminov O, Atri M. Sonography of the abnormal fallopian tube. AJR Am J Roentgenol. 2004;183(3):737-42.

37. Weed JC, Ray JE. Endometriosis of the bowel. Obstet Gynecol. 1987;69(5):727-30.

38. Jenkins S, Olive DL, Haney AF. Endometriosis: pathogenetic implications of the anatomic distribution. Obstet 

Gynecol. 1986;67(3):335-8.

39. Lavoue V, Vandenbroucke L, Lorand S, Pincemin P, Bauville E, Boyer L, et al. Screening for Chlamydia trachomatis 

using self-collected vaginal swabs at a public pregnancy termination clinic in France: results of a screen-and-

treat policy. Sex Transm Dis. 2012;39(8):622-7.

40. Gopalakrishnakone D, Appan DP, Singh K. Prevalence of Chlamydia trachomatis in Singaporean women 

undergoing termination of pregnancy. Ann Acad Med Singapore. 2009;38(5):457-4.

41. Nguyen MH, Kurtzhals J, Do TT, Rasch V. Reproductive tract infections in women seeking abortion in Vietnam. 

BMC Womens Health. 2009;9:1.

42. Berg CJ, Painter JE, Sales JM, Mays D, Rose E, Wingood GM, et al. Smoking as a risk factor for STI diagnosis 

among African American females. Am J Health Behav. 2012;36(4):505-12.

43. Li M, McDermott R. Smoking, poor nutrition, and sexually transmitted infections associated with pelvic inflam-

matory disease in remote North Queensland Indigenous communities, 1998-2005. BMC Womens Health. 

2015;15:31.

44. Aghaizu A, Reid F, Kerry S, Hay PE, Mallinson H, Jensen JS, et al. Frequency and risk factors for incident and 

redetected Chlamydia trachomatis infection in sexually active, young, multi-ethnic women: a community based 

cohort study. Sex Transm Infect. 2014;90(7):524-8.

45. Talmor A, Dunphy B. Female obesity and infertility. Best Pract Res Clin Obstet Gynaecol. 2015;29(4):498-506.

46. van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes PG, Burggraaff JM, et al. Obesity affects 

spontaneous pregnancy chances in subfertile, ovulatory women. Hum Reprod. 2008;23(2):324-8.

7



CHAPTER

8



General discussion of this thesis



136

CHAPTER 8

This thesis provides insight into the prediction of tubal factor infertility (TFI) based on clinical 

patient characteristics. A special focus is put on improvement of serology as a screening tool 

for chlamydial induced TFI. We have studied different commercially available C. trachomatis 

antibody tests (CAT) and compared their performance with the most commonly used CT 

IgG ELISA. We evaluated the value of slightly elevated C-reactive protein (CRP) in blood 

for the prediction of TFI, an approach that seemed promising in an earlier study. We also 

determined CT IgG stability over time in home collected capillary blood samples. We ended 

this thesis with the development of two prediction models for TFI based on other patient 

characteristics combined with their CAT results. In this general discussion relevance of the 

findings and conclusions of the chapters are illuminated and plotted against the current 

literature. In the next section, benefits of home-collected blood samples will be reviewed, 

the strengths and pitfalls of serology in the fertility work-up will be discussed, and marginalia 

on patency testing will be pointed out. Also the relevance of patient characteristics in the 

prediction of TFI will be outlined. This general discussion will be completed with conclusions, 

recommendations, and future perspectives based on our six studies.

The benefits of CT antibody detection in home-collected whole blood sam-
ples
Home-collection of whole blood is a very effective, time saving, and low cost method for 

collection of large numbers of blood samples. The method of self-collection of blood at 

home with a serum gel tube (BD Microtainers with clot activator and serum separator gel), 

expands the reach of persons that can be included in the study since samples will be send by 

mail and delivered to the research institute. In large studies it is time saving because batches 

with collection material can be send out at the same time and the study subjects will all be 

reached at the same time. Also a lot of money can be saved on logistic and personnel costs, 

since no medical staff is needed for venepuncture. The method of self-collection at home of 

serum samples is very likely to increase the participation rate of study subjects due to the 

comfort of staying at home while participating. The study participant can participate at any 

time of preference. Needless to say, next to the many benefits there are also disadvantages 

of using this method for serum collection. The major disadvantage is the expanded time 

between drawing blood and processing of the serum sample. With self-collection at home 

researchers have only limited influence on the time between collecting and analysis. There 

can be a delay at home between the moment of drawing blood and sending the sample to 
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the researchers of the study, and there can be delay at the mail company. This delay may 

influence the quality of the serum and the detectability of antibodies within the serum. 

In chapter 2 we determined CT IgG stability in home collected capillary blood samples up 

to seven days after collection. Based on our results we can state that the presumed disad-

vantage of delay of processing of the whole blood after collection is not a true disadvantage 

provided that the samples are processed within 7 days after collection. We showed that CT 

IgG concentrations within serum remain stable up to 7 days after whole blood collection. 

Therefore this method can be used in epidemiological studies. Within the Netherlands a 

maximum time period of 7 days between collecting and processing is feasible, due to easy 

access to mail and fast mail transportation. In larger countries or in countries with less 

resources this 7 day limit may be exceeded due to longer distances or less efficient mail pro-

cessing. It would be interesting to study the CT IgG concentration stability after for example 

2 weeks. A stable CT IgG concentration for two weeks would enable the use of this collection 

method in epidemiological studies in more countries. Also effects of temperature conditions 

and fluctuations during the period between collection and processing on the quality of 

the samples is an interesting subject to study. When temperature rises the antibodies and 

other proteins in the serum could denature which impairs the quality of the sample. Using 

microtainers for self-collection of whole blood at home is highly beneficial and usable in 

epidemiological studies but due to requirements for testing not preferred in a clinical setting. 

In the fertility work-up whole blood is drawn from patients by venepuncture and is used for 

diagnostic purposes. In that case fast processing and controlled circumstances (e.g. volume 

of the sample, addition of anti-coagulants to the tubes) of the serum are very important. Also 

a decent amount of blood is needed since usually more analyses will be done on the same 

serum sample (e.g. determination of thyroid hormones and sex hormones). The quality of 

the serum samples for diagnostic purposes cannot be guaranteed when the samples are 

self-collected. Except for our study in chapter 2, all studies done in this thesis have used 

sera that were collected by medical staff in a clinical and well controlled setting.

Screening for C. trachomatis induced tubal factor infertility and its limitations
The association between elevated CT IgG levels in serum and TFI that has been found 

for over the last decades could be confirmed in our studies. However, the predictive value 

of chlamydia antibody testing (CAT) for TFI is limited and it should be realised that CT Ig 

antibody testing was initially not developed to detect TFI but to identify patients with previous 
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CT infections. When reading and interpreting our studies two limitations that are applicable 

for almost all of our studies should be kept in mind: the limitation of the diagnostic tools for 

TFI and the limitation of serology in humans. 

The reproductive morbidity after a CT infection results from fallopian tube damage, such as 

adhesions and tubal occlusion. Generally occlusions are detectable with tubal patency tests 

such as hysterosalpingography (HSG), hysterosalpingo-contrast-sonography (HyCoSy), or 

laparoscopy. However tissue damage might be limited to the mucosal lining of the fallopian 

tubes which reduces the number of ciliated cells and impairs migration of the ovum towards 

the uterine cavity and thus may cause TFI and/or extrauterine pregnancy. Coppus et al. 

observed that subfertile women with a positive CAT result but without visible tubal pathology 

at HSG or laparoscopy, had significantly lower spontaneous pregnancy rates in the first nine 

months after tubal testing compared to women with a negative CAT test(1). The hypothesis 

that tubal tissue damage may not always be detected was also confirmed in a study of 

Keltz et al. showing that CT IgG positive women without detected tubal damage had 50% 

lower spontaneous conception rates. The cumulative IVF pregnancy rates were equivalent 

in seropositive and in seronegative participants in that study, indicating that the reduced 

spontaneous pregnancy rate is due to abnormal function of the fallopian tubes(2). A more 

recent study also reported a prolonged time to spontaneous pregnancy in women who are 

CT IgG positive compared to those without CT antibodies(3). This evidence for ‘invisible’ tubal 

damage is important to keep in mind while interpreting our results in chapters 3 - 5. The 

low positive predictive value (PPV) of the CAT is very likely to be influenced by this invisible 

intratubal damage that cannot be detected by HSG or laparoscopy. A low PPV means that 

a small percentage of CAT positive patients have any peritubal abnormalities or occlusions 

seen with laparoscopy. But due to invisible damage that is not seen on laparoscopy the 

PPV of the CAT for TFI might be higher than can be proved. This hypothesis underlines 

the importance of the CAT in fertility work-up since it is, to a certain degree, predictive 

for TFI and reduced spontaneous pregnancy rates even when evident TFI was not seen 

with laparoscopy. The suboptimal negative predictive value (NPV) rates of the CAT can be 

explained by the fact that other factors (e.g. other genital infections, previous pelvic surgery, 

or complicated appendicitis) can cause TFI. In that case the CAT will remain negative even 

though there is TFI. 
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As for the limitations of CT IgG serology, several studies found a decrease in CT IgG titres 

weeks to months after CT infection(4, 5). The decrease of IgG titre was most evident 

in the first six months after infection. Also seroreversion occurred over time. In women 

who have had more than one infection, antibodies remained detectable longer in all tests, 

but this was more marked for the pgp3 ELISA and MIF assay than Medac ELISA. One of 

the explanations of this finding is that MOMP is CT serovar specific, and reinfection with 

another serovar might induce other MOMP antibodies(4). The fact that CT IgG titres can 

become negative over time is important for the interpretation of our data. The urogenital 

CT infection has most often occurred years before a woman tries to become pregnant. CT 

IgG antibodies might have decreased below detection level in the Medac ELISA and the 

woman tests negative during fertility work-up whereas she might have TFI.  CAT has not 

been universally implemented in fertility clinics, owing to both the varying accuracy of assays 

and different protocols for fertility investigation and the use of CT serology results. As stated 

in the introduction of chapter 6, if CAT is used in the fertility setting it is used to identify 

women who are recommended to undergo further tubal investigation. There is a clinical 

unmet need for a non-invasive test (such as serology) that could be used as an indicator for 

a very high risk of TFI or very low risk of TFI. The patients with no TFI are the largest part of 

the patient population. Development of a test with a high NPV could save many patients an 

invasive diagnostic procedure such as laparoscopy or HSG.  The meta-analysis of Broeze 

et al. compared the performance of various CATs for the prediction of TFI and showed that 

microimmunofluorescence (MIF) has a significantly higher accuracy compared to ELISA, 

but only has a moderate ability to discriminate between women with and without TFI(6). 

MIF is a laborious assay and reader dependent, therefore ELISA is the most commonly used 

CT IgG assay. The overall aim in this thesis was the investigation of several non- invasive 

tests and their prediction for TFI. A highly accurate test could be used to identify women 

who are very unlikely to have any TFI and in whom no further evaluation of tubal function 

is indicated, and women who have the highest risk for severe pathology and who might be 

referred for IVF without further testing of tubal patency. 

Does a multi-target serology test improve the prediction of TFI?
In chapter 3 we compared the predictive value for TFI of the multi-target Mikrogen ELISA, 

which detects CT IgG antibodies directed against the immunodominant chlamydia proteins 

MOMP, TARP, and CPAF, and the MOMP-peptide based mono-target Medac ELISA. In 

chapter 4 we compared the predictive value for TFI of the Mikrogen ELISA with the Mikrogen 
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immunoblot. The Mikrogen immunoblot can detect antibodies directed against MOMP, TARP, 

CPAF, HSP60, and OMP2, and visualizes which antibodies are positive in the serum sample. 

Based on the results in chapter 3 and chapter 4 we concluded that neither Mikrogen ELISA, 

Mikrogen immunoblot, nor Medac ELISA performed better in prediction of TFI. None of the 

tests is highly accurate in the detection of TFI. The fact that Mikrogen ELISA detects more 

TFI cases than the Medac ELISA can be explained by the fact that with multiple targets in 

one well the patient will be defined as CT IgG positive based on other antibodies directed 

against CT such as TARP or CPAF. But as our study showed, this increased detection of CT 

IgG positive samples by the Mikrogen ELISA also leads to increased detection of patients 

without TFI. It was expected that Mikrogen ELISA would detect at least the same patients as 

Medac ELISA as CT IgG positivity was based on the MOMP-antibodies that were detected 

in both tests. However this was not the case. Mikrogen ELISA and Medac ELISA detect a 

different population as CT IgG positive. The concordance of the results of both tests is only 

34%. Although the manufacturers do not report detailed information about the proteins used 

in their assays, the low kappa value between the tests can be explained by the probable 

difference in structure of the proteins or peptides used. Other studies that compared CAT 

tests and their prediction of TFI have shown similar PPV values for the Medac MOMP CT 

IgG ELISA, but the NPV in our study was remarkably lower than in previous studies(7-9). The 

low PPV may be due to the dropping incidence of severe complications after CT infections. 

In Finland, the incidence rates of ectopic pregnancies and PID have been decreasing over 

the past decades(10, 11). In recent studies the rate of Chlamydia-associated complications 

such as PID, ectopic pregnancy, and TFI have been lower than expected(12). The expected 

TFI rate of 10-20% after CT infection, appeared to be only 0.02% after acute infection(13). 

PID was almost epidemic through the 1980s, with 80% PID incidence after CT infection, and 

rates followed increasing and high chlamydia rates. Nowadays in-patient PID has become 

relatively rare (13, 14). One of the reasons of decreased complications percentages after 

lower genital tract CT infection might be improvement of screening and treatment of CT 

infections over the past decades. Early and adequate treatment of urogenital CT infections 

reduce the duration of the infection and thus the risk of ascending of the infection towards 

the upper genital tract, causing PID and TFI subsequently. Also targeted screening for CT 

infections in high risk groups, and increased awareness of CT among young adults leads to 

early detection and prevention of (re)infections. Patients who have had CT infections and 

were treated adequately in time, have a low risk of secondary complications such as TFI, but 

might still have elevated CT IgG titres. This reduces the PPV of the CAT. Also in our studies 
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not all patients had undergone laparoscopy. Therefore some patients who only underwent 

HSG and were considered as controls, may have had periadnexal adhesions and thus TFI, 

which is difficult to diagnose with HSG. PPV of the studied CATs could have been higher 

if all patients had been laparoscopically investigated. However this is neither feasible nor 

favourable in the fertility work-up process. As an explanation for the relatively low NPV, it 

should be kept in mind that only 25%-45% of TFI cases are chlamydia-induced(15-17). This 

means that 55%-75% of TFI cases has a different aetiology. In our study some women may 

not have elevated CT IgG antibodies but do have TFI, hence the lower NPV. Also CAT is 

more accurate in predicting severe distal tubal pathology than unspecified tuboperitoneal 

abnormalities(18). Another possible explanation for the difference in NPV compared to 

previous studies is a possible change in peptide that is used in the Medac ELISA over the 

years. 

Adjusting tests for improvement of TFI prediction
The PPV (33% and 39%), NPV (81%), sensitivity (65% and 52%), and specificity (54% and 

71) of the Mikrogen ELISA and Mikrogen immunoblot respectively were not very high in our 

studies in chapter 3 and 4. Therefore we studied other approaches that may be used as a 

non-invasive prediction tool for TFI. In chapter 5 we analysed the predictive value for TFI of 

several combinations of antibodies in serum. Significant differences in the distributions of 

antigen titres between TFI patients and controls were observed for CPAF, HSP60, MOMP, and 

OMP2. However, none of the individual antigens could distinguish between TFI patients and 

controls by itself. We found that the combination of HSP60 and CPAF was able to detect TFI 

with the highest specificity of 100%. However, it’s sensitivity is only 18.2%. CPAF is an impor-

tant chlamydial virulence factor that enhances persisting of infection by inhibiting cytokine 

production of the host’s immune system and degrades host antimicrobial peptides(19, 20). 

This suggests that CPAF contributes to CT pathogenicity and complications by aiding in 

ascending of infection. As stated in the introduction of this thesis the prediction of HSP60 

antibodies for TFI could be explained with the hypothesis that antibodies directed against 

chlamydial HSP60 may cross-react with human HSP60 expressed on the cell surface of 

stressed fallopian tube cells and an immune response directed against the fallopian tubes 

may occur which leads to TFI(21, 22).

A comparable finding was done by Graspeuntner et al. who found that females diagnosed 

with STI induced infertility differed significantly in the seroprevalence of IgG antibodies 
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against the CT proteins MOMP, OMP2, CPAF, and HSP60 when compared to fertile females. 

They also found that IgG antibodies against CPAF and HSP60 are significantly enhanced in 

women with STI induced infertility when compared to women with another cause for infer-

tility, although they studied seroprevalence of the individual antibodies and did not analyse 

predictive value for tubal factor infertility as we did in our study. Also HSP60 IgG antibodies 

could distinguish the STI induced infertility group from the non-STI induced infertility group 

and the fertile group, by showing significant reduction of HSP60 in the latter two groups(23). 

The contribution of HSP60 to the prediction of TFI found in our study is also in concordance 

with findings in a previous study done by Budrys et al. that developed a four antigen panel 

consisting of HSP60, CT376, CT557, and CT443 in combination with antiserum sample 

dilution that can distinguish TFI patients from fertile controls with a detection sensitivity 

of 63% and specificity of 100%(24). Another study, in which results of infertile women from 

an IVF clinic who had undergone tubal patency testing was compared to results of fertile 

women from an antenatal clinic, shows that the Medac Infertile ELISA (which is an ELISA 

that detects both MOMP and HSP60 antibodies) has a sensitivity of 45% and a specificity 

of 100% in the prediction of TFI(8). Even though the sensitivity of these tests is low, the high 

specificity makes the tests valuable in identifying patients with positive results for further 

invasive diagnostics (e.g. laparoscopy, HSG) or direct referral for IVF treatment. Chlamydial 

HSP60 has been shown to be associated with PID and TFI which might explain why TFI 

patients have higher antibody titres against HSP60 than controls(9, 21, 25). Interestingly, 

antibodies against HSP60 and CPAF have also been detected at significantly higher levels 

in patients with inflammatory ocular CT infections compared to healthy controls, suggesting 

both antibodies as markers for disease severity(26). We suggest that the predictive value of 

CPAF and HSP60 should be further examined in future research and validated in external 

cohorts, since these two antibodies seem to predict TFI with a higher accuracy than the 

currently most commonly used Medac ELISA.

In chapter 7, we combined clinical characteristics with Medac ELISA results and developed 

two prediction models for TFI, with model 1 predicting any tuboperitoneal abnormalities and 

model 2 predicting severe TFI (defined as extensive periadnexal adhesions and/or distal 

occlusion of at least one tube). A diagnostic strategy, in which available information from 

medical history and physical examination is integrated with the CAT results, that could 

potentially lead to more cost-effective testing for TFI. We found that implementation of 

patient characteristics to a prediction model improves the accuracy for the prediction of 
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TFI compared to CAT only. Chapter 7 describes a model consisting of complicated appen-

dicitis, induced abortion, suspicion of endometriosis on vaginal examination, ovarian cysts 

on ultrasound, hydrosalpinx or pseudocysts suggestive for adhesions on ultrasound, CAT 

conclusion, and infertility duration as a predictor for any tuboperitoneal abnormalities. Broeze 

et al. found infertility duration, previous PID, pelvic surgery, previous CT infection, and a 

positive CAT and an abnormal HSG as candidate predictors in their meta-analysis that was 

based on studies that compared the accuracy of CAT and HSG or HyCoSy with laparoscopy 

results on tubal pathology. The predictive value of their model for any tubal pathology was 

lower than ours (AUC = 0.67 vs AUC = 0.83). For the prediction of severe TFI we identified CAT 

conclusion, BMI, infertility duration, complicated appendicitis, and hydrosalpinx or adhesions 

as predictors, with an AUC of 0.92. Broeze et al. found infertility duration, previous PID, 

positive CAT and previous CT infections integrated in a predictive model for bilateral tubal 

pathology (i.e. severe TFI) with an AUC of 0.72(27). Differences between predictors for TFI 

in both studies underline the effect of the selected study population on the outcome. A 

prediction model for TFI based on a population from a secondary healthcare center may 

be different from a model based on a tertiary healthcare center, since the prevalences of 

clinical factors may differ between the two settings. Even though we find a high accuracy 

for the prediction of both any tuboperitoneal abnormalities as severe TFI, these models 

should be externally validated in an independent cohort before being used or converted into 

diagnostic score chart for clinical purposes. When combining our findings in chapter 5 and 

7, it would be interesting to examine a highly accurate prediction model consisting of patient 

characteristics, medical history, physical examination and ultrasound outcomes, and CAT 

test (including MOMP, CPAF, and HSP60) in a prospective cohort study. 

C-reactive protein as additional serological marker for prediction of TFI
The predictive values of the ELISA tests, immunoblot, and individual antibodies for TFI 

researched in this thesis were not high enough to be used in the fertility work-up. In chapter 

6 of this thesis we studied the contribution of C-reactive protein (CRP) to the prediction of 

TFI in Medac MOMP ELISA positive women, to explore whether the predictive value of the 

ELISA would improve when combined with CRP results. CRP is an acute phase protein that 

is excreted by hepatocytes in case of inflammation, and is a marker for tissue damage and 

slightly raised CRP levels are considered to reflect a persistent low-grade inflammation(28). 

Confusion has arisen because of widespread use of the term high-sensitivity CRP(29). One 

common misunderstanding has been that hs-CRP is different from CRP. High-sensitivity 
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means that the concentration of CRP was determined using an assay designed to measure 

and distinguish very low levels of CRP (i.e. between 3-10 mg/L). CRP that is measured with 

a hs-CRP test is often referred to as hs-CRP and has no new properties(30).

CRP has been used in cardiovascular disease as a marker to identify and monitor ongoing 

inflammation in atherosclerotic plaque formation(31). Johnston et al. reported that slightly 

elevated CRP was a risk factor for stroke and cardiovascular events, because it indicates a 

chronic arterial wall inflammation with C. pneumoniae(32). Den Hartog et al. found CAT-pos-

itive women with slightly elevated CRP levels were 40x more likely (OR=39.7, 95%CI 11.2-

140.5) to have TFI than CAT-positive women without low-grade CRP elevation(33). Although 

our research set up was very similar to the study of Den Hartog et al. – besides from the 

CAT we used in our study, which was Medac ELISA instead of MIF – we could not confirm 

the findings of Den Hartog et al.. We found no significant improvement in the predictive 

value for TFI of the MOMP ELISA when combining positive CAT result with CRP results. 

Also correction for chronic diseases, smoking, BMI, and endometriosis, which can lead to 

elevation of CRP, did not change the results significantly. This difference in outcome between 

the Den Hartog study and the present one may be the result of the different CATs that have 

been used in the studies. MIF has a higher sensitivity but a lower specificity for TFI than the 

Medac ELISA(7). In the study of Den Hartog et al. the specificity of a positive MIF result was 

improved when the MIF results were combined with CRP results. Whereas the low sensitivity 

of the Medac ELISA could not be improved by CRP results since low-grade elevated CRP by 

itself is not sensitive for TFI. Modest CRP elevations (between 3 and 10 mg/L) are found in 

about 30% of the American population(34, 35). Low-grade inflammation has been reported 

to be associated with a number of rather common conditions and lifestyles such as smoking 

(also second-hand smoking), sleep deprivation, low levels of physical activity, premenstrual 

symptoms, and a large variety of diets(36, 37). These conditions represent or reflect minor 

metabolic stresses, but also aging is associated with modest elevation of CRP(38-40). Even 

the menstrual cycles influences CRP levels in blood, with progesterone being associated with 

an increase in CRP and oestrogens with decrease in CRP(41). Due to the very non-specific 

nature of slightly elevated CRP and based on our findings in chapter 6 we do not recommend 

introduction of CRP analysis in the fertility work-up as contribution to the currently used CAT. 
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Other markers that may improve the prediction of TFI
There are several other serological tests that seem promising and might require detailed 

research for their contribution to the prediction of TFI. For example the Pgp3 antibody ELISA, 

Pkn1 ELISA, and lymphocyte proliferation. Pgp3 is a highly immunogenic protein and a highly 

specific and sensitive marker of previous CT infection(42). Pgp3 is transcribed from highly 

conserved C. trachomatis cryptic plasmid, which does not exist in C. pneumoniae. This 

means that no cross-reaction occurs between antibodies directed against C. pneumoniae 

and CT derived proteins. Pgp3 is associated with the outer membrane of the CT cell and 

is secreted into the host cell cytosol, and is a virulence factor supporting CT infections 

by blocking anti-chlamydial activity of the human host cell (43, 44). Up to four years after 

infection the sensitivity of the Pgp3 ELISA is higher than MOMP-based ELISAs such as the 

Medac ELISA (68%-92% vs 38%-66%)(4). The specificity of the Pgp3 ELISA was found to 

be 97.6%, which did not statistically differ from the Medac MOMP peptide based ELISA(45). 

Pgp3 ELISAs have been used in epidemiological studies to investigate the seroprevalence 

of CT antibodies after trachoma or urogenital infections(5, 46). The Pgp3 ELISA was used 

in a seroprevalence study in England by Woodhall et al and the CT Pgp3 seroprevalence 

among women was found to be 24.4%(47). This is higher than the CT seroprevalence found 

in the Netherlands which was 10%. In that study by Van Aar et al. the Medac ELISA, which 

uses the MOMP protein, was used for testing of the serum samples(48). Because the study 

populations of both studies are similar, the difference in seroprevalence may be due to the 

different ELISAs that are used in the studies. It is very likely that the higher sensitivity of the 

Pgp3 ELISA leads to a higher seroprevalence. The sensitivity of the Pgp3 ELISA was greater 

than that of the MOMP ELISA at both early times (< 6 months) and later times (6 months - 4 

years) after CT infection in a female STI clinic population(4). Also the reproducibility of 

Pgp3 serology test is high, with an intraclass correlation coefficient of 0.997(49). Therefore 

the Pgp3 ELISA might be very useful in the prediction of TFI. No study about the predictive 

value of Pgp3 antibodies for TFI has been done yet, since the Pgp3 test is not commercially 

available.

ELISA results for anti-Pkn1 antibodies in patients sera showed a significant higher value in 

CT positive women compared to CT negative women. This finding raises the possibility of 

Pkn1, which is a soluble non-surface chlamydial protein, as a candidate immunogen(50). 

The seroprevalence of Pkn1 has not been studied in TFI patients yet, but this might be 

an interesting marker to be investigated further. Discrimination between women with TFI 

8
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and fertile women by combinations of chlamydia antigens, such as described by Budrys 

et al. (24), could be further improved by the addition of for instance Pgp3, Pkn1, or other 

immunogenic markers. 

Rantsi et al. discovered that anti-TroA and anti-HtrA antibodies were significantly more preva-

lent in women with TFI compared to women with other causes for infertility. Seroprevalence 

rates of TroA and HtrA antibodies increased with increasing severity of tubal damage(51). 

TroA is a substrate binding protein in the iron transport system of CT and its expression 

increases when it is cultured under iron starvation conditions(52) and is a highly conserved 

serine protease that has an essential role during CT replication(53). Although their study 

does not report on the predictive value of TroA and HtrA as a marker for TFI, this should be 

further studied since these antibodies are potential specific biomarkers for CT related com-

plications(51, 54). Rantsi et al. also studied Chlamydia trachomatis-specific cell-mediated 

immune response by lymphocyte stimulation in vitro. They found no difference in lymphocyte 

proliferation after stimulation with CT elementary bodies (EB’s) between TFI patients and 

women with unexplained infertility(3). However they did find that the combination of MOMP 

antibody, cHSP60 antibody, and EB lymphocyte proliferation test led to a PPV of 40.0% for 

TFI and a NPV of 92.4%. The combination of these three serology tests was highly specific 

for TFI (97.2%) but the sensitivity was very poor(19%). The sensitivity of EB lymphocyte 

proliferation alone as a predictor for TFI was relatively high (85.7%), however the specificity 

was low (32.9%; unpublished data by Rantsi et al). Therefore the EB lymphocyte proliferation 

test might be useful as a first test to rule out test negative patients, since their risk for TFI 

is low. As a second step a highly specific test should be used. Another method of serology 

testing is the bacterial whole-proteome microarray. Protein microarrays are excellent tools 

to identify disease-associated antibody reactivity patterns since they possess high density 

capacity and allow the simultaneous detection of antibodies to a large variety of antigens, 

up to an entire bacterial proteome. During infection, CT manipulates and interacts with the 

host, which causes DNA damage, genetic instability, induction of inflammation, and inhibition 

of apoptosis of the host cell. This requires expression of varying sets of CT proteins, which 

are presented to the immune system during various stages of interaction between host and 

pathogen(55). All variants of CT antibodies formed during the infection can be detected with 

whole-proteome microarray. A previous study has shown that this assay can differentiate 

infection- and disease-associated antibody responses in sera of patients with and without 

CT and HPV induced cervical carcinoma(56). The bacterial whole-protein microarray is highly 
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sensitive and specific for CT. Hufnagel et al. found a number of antigens that react preferably 

with sera from patients with PID, TFI and ectopic pregnancy (preliminary data, presented 

during the 14th International Symposium on Human Chlamydia Infections (ISHCI), Zeist, The 

Netherlands 2018)(55). Their newly developed CT whole-proteome microarray might by a 

promising tool for identification of infection and disease-associated antigens. However, 

costs effectiveness of such tests should be calculated as well before implementation of 

such tests as state of the art into the clinical setting.

It has been shown that the vaginal microbiota influences the susceptibility to become 

infected with CT but also influences the course of infection(57-59). Graspeuntner et al. 

showed that the combination of serological markers (CPAF and cHSP60) with certain com-

positions of the vaginal microbiota discriminates all females suffering from STI induced and 

non-STI induced infertility(23). Taking the vaginal microbiota into account when assessing 

the risk for TFI seems to be very useful and might improve the prediction for TFI when 

combined with serologic marker. As stated in the introduction of this thesis, host genomics 

play a large role in the outcome of CT infection(60). Previous studies have shown that 

certain single nucleotide polymorphism influence the risk for infection with CT, the course 

of infection, and development of TFI(61, 62). Therefore immunogenetics may also improve 

the prediction of TFI. 

Bias in our study design

Background of our study design:

The UMC Groningen cohort that is used in the majority of the studies in this thesis, chapter 

3-7, consist of 936 Dutch Caucasian infertile women who visited the fertility clinic between 

2007-2013 seeking for help to conceive. In their fertility work-up medical data and CT 

serological data were used to predict the risk for tubal factor infertility. If the medical and 

serological data were suspect for TFI the patient would undergo a laparoscopy. If the sus-

picion of TFI was low the patient would undergo a HSG to exclude TFI. When the findings 

on HSG were abnormal, the patient would be referred for laparoscopy. This diagnostic 

work-up in the clinical setting is chosen since laparoscopy is an invasive, expensive and 

time consuming procedure that is preferably only performed when the benefits are high, 

i.e. in case of a high risk of TFI.

8
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Main research questions:

In this thesis two main research questions needed to be answered:

1. In the fertility workup Chlamydia serology (CAT) is an important factor in the clinical 

decision making. The most common test is the CAT from Medac. However, Medac 

has recently stopped its production of the serological test. This created an urgent need 

for a new diagnostic assay in the fertility workup. Chapter 3-6 are studies in which the 

ability of (new) serology tests to rule in (confirm) or rule out (exclude) TFI was evaluated.

2. A general clinical prediction model of TFI would be of great use. In chapter 7 two pre-

diction models for TFI were developed based on different clinical factors. The diagnosis 

of TFI was formed based on CAT and other clinical factors 

The bias which is introduced:

The available study designs introduced bias:

1. In research question 1, we only have the Medac CAT available from the start of the 

fertility work-up and which was used to determine the clinical intervention (laparos-

copy). When comparing two serological assays the whole cohort should have both 

serological assays (Medac vs Mikrogen) from the beginning. But since the collection 

of such a cohort takes over 10 years nowadays and the number of laparoscopies that 

are preformed is decreasing this was not feasible. This means that an a priori bias is 

introduced.

2. In research question 2, the prediction models are built but the outcome to predict TFI 

is based on CAT and clinical variables available, so again an a priori bias is introduced.

Discussion of the bias and limitations

The perfect set-up for a diagnostic accuracy study is when all study participants are subject 

to both an index test (the new test) and the reference standard test (usually the test that is 

considered to be the gold standard)(63). When using the reference test on only some or the 

participant, or when using two different reference standard tests in the study population, 

a verification bias occurs. There are two types of verification bias: partial verification bias, 

where only some patients receive the reference standard tests, with the others not receiving 
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any reference standard test; and differential verification bias, where two different reference 

standard tests are used, typically alternating depending on whether the index test was 

positive or negative(63).

The latter has been the case in the work-up of our UMC Groningen cohort, where we 

compared the Medac and Mikrogen CT IgG serology assays to each other. This was done 

because the Medac assay would be discontinued soon and a replacement was urgently 

needed. The original referral for laparoscopy or HSG was based on the Medac ELISA plus test 

result (and a clinical evaluation of the patient), which caused a differential verification bias in 

our study. Most Medac CAT negative patients have undergone HSG instead of laparoscopy, 

causing verification bias, and TFI may have remained unnoticed as HSG is a less accurate 

test in diagnosing adhesions and tubal occlusion. This study design may therefore influence 

the serology test performances of both assays. 

In general the effect of differential verification bias on the sensitivity and specificity of the 

index test depends on the diagnostic accuracy of the two reference (gold) standard tests, 

relative to each other, and the prevalence of the disease(64, 65). A meta-analysis of 31 

diagnostic accuracy studies stated that studies that rely on two or more reference standards 

to verify the results of the index test report odds ratios that were on average 60% higher than 

the odds ratios in studies that used a single reference standard(66). Studies in which the 

reference standard test is invasive, expensive, or carries a procedural risk, are particularly 

prone to verification bias. Unfortunately that is the case in our study. It is neither feasible nor 

ethically desirable to perform a laparoscopy in all patients, since it is an expensive, invasive, 

and time consuming procedure that carries risk of anesthesia related complications, bowel 

perforation, and bleeding.

In order to overcome a differential verification bias in diagnostic accuracy studies, De Groot 

et al. proposed a Bayesian model to simultaneously adjust for both differential verification 

bias and the imperfect nature of one or both reference standard tests(65). The model allows 

for estimation of predictive values, sensitivity and specificity of the index test, as well as 

both reference standards, with respect to the disease status. 

The model is built up based on three stages of a diagnostic study: Stage 1, where results of 

the index test are collected on all study subjects. The model calculates the probabilities of 

8
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testing positive or negative on the index test. Stage 2, where it is determined (by researchers/

physicians) which reference test is used to verify disease status. In this stage the model 

calculates the product of two independent binomial distributions corresponding to the 

probability of verification by the preferred reference standards test within the two groups 

of index test outcome (positive/negative). In stage 3 the results of the selected reference 

standard test are collected. In this stage the Bayesian model estimates the predictive values 

of het index test with respect to each reference test. In this stage it’s assumed that the index 

test outcome is conditionally independent of both reference tests, given the true disease 

status. The predictive values are then expressed as functions of the prevalence and the 

sensitivity and specificity of the index and reference tests. This correction for the use of 

different reference test (laparoscopy and HSG) would be possible in our cohort for the Medac 

assay however since the Medac assay is discontinued there would be little benefit in making 

the correction. The correction cannot be made for the Mikrogen assay because the Medac 

assay was used in the decision to refer the patients to laparoscopy or HSG. Therefore referral 

to the reference assays (laparoscopy and HSG) and the subsequent detection of TFI is biased 

by the Medac assay. This means that the outcome (detection of TFI) is not independent 

from Chlamydia serology, and that influences the evaluation of the Mikrogen assay. The 

independence of outcome and evaluated test is a prerequisite in clinical test evaluation. This 

is further underscored by the fact that TFI was observed in Medac CAT negative women. 

The perfect study design

It is difficult to prevent selection and verification bias in retrospective clinical studies such as 

ours. It would be most ideal if all patients would have undergone a laparoscopy, regardless 

of their CAT result, medical history, or physical examination. Then we could have observed 

the predictive value of the serological assays in our studies in the most unbiased way. 

However, working within the current borders of tools and ethics, performing invasive and 

costly laparoscopies in all patients would be neither feasible nor ethical.

The ideal cohort is currently not available; it may not be collected within a reasonable 

timeframe (at least < 10 years), and is not retrospectively available. Therefore we believe 

that our cohort and study design is the best possible answer for the research questions that 

we formulated in our studies.
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The data obtained in our studies cannot easily be corrected as we have explained above, 

especially not for the Mikrogen Assay as compared to the Medac assay. The question is to 

what extend the verification and selection bias introduced in our study design affects our 

outcomes. Chapters 3-6 (all published except Chapter 6) are serology assay evaluations or 

comparisons. In Chapter 3 we compared Medac to Mikrogen. The tests were comparable 

and we feel we did not make a mistake in advising the gynecologists to replace the Medac 

assay (which is no longer manufactured) with the Mikrogen assay. In Chapter 4 we com-

pared the Mikrogen elisa to the Mikrogen immunoblot. Since these were both assays from 

Mikrogen the effect of the bias was equal to both assays due to the fact that the decision 

for the reference test for TFI detection was influenced by the Medac assay. In Chapter 

5 we improved the prediction algorithm based on the Mikrogen immunoblot assay. Even 

though the TFI outcome was biased, we showed the proof of principle that by adapting the 

manufacturers algorithm it is possible to improve the prediction of presence of TFI. Finally in 

Chapter 7, we worked on the first step to develop a prediction model for tubal factor infertility 

based on patient characteristics, medical data, and chlamydia antibody test results. Building 

a prediction model with biased data requires extra attention. De Groot et al. have tested 

methods of correcting partial verification bias and concluded that multiple imputation can 

correct for the bias if the missing at random (MAR) assumption holds true(67). Based on the 

clinical practice we can state that there are no unobserved factors that influence the decision 

for the reference assay and therefore we may assume that the ‘missing’ reference data is 

missing at random. Therefore the multiple imputation method will be used to correct for the 

bias, after which the prediction model will be build and then be verified in second cohort.

In summary

The interests of a CAT with a high predictive value for TFI are substantial within the fertility 

work-up field, since a highly predictive CAT can reduce health costs and risks of laparoscopy 

in low risk patients, and delay in the referral to IVF in high risk patients. The aim of science 

in general is to approximate the truth as close as possible, within the limits of the possible 

tools and ethics. The fact that our studies are retrospective studies limits our tools to reach 

the near truth, since the data required for the study may not always be collected in the same 

manner.

8
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Conclusions and recommendations
This thesis addresses the use of CT serology in the prediction of TFI and aims to improve the 

prediction of TFI by exploration of different approaches to the risk assessment of TFI. We 

compared the predictive values of the Medac ELISA, the Mikrogen multi-target ELISA, the 

Mikrogen CT IgG immunoblot, and combinations of different antibodies detected with the 

immunoblot. We also implemented clinical patient characteristics in two prediction models 

for any tuboperitoneal abnormalities and severe TFI respectively. This thesis also shortly 

describes the reliability of home-collected serum samples in epidemiological studies. 

Based on this thesis we can conclude that self-collection of serum at home with the micro-

tainer system is a reliable collection method in epidemiological studies, since CT IgG titres 

remain stable up to at least 7 days after collection. This method is highly time and costs 

saving. We also concluded that the multi-target ELISA does not have a significantly better 

predictive value for TFI than the Medac ELISA. And we found that Mikrogen immunoblot 

has a significant higher specificity for TFI but a lower sensitivity than the ELISA from the 

same manufacturer. This was concordant to studies in other infectious disease fields. We 

found that the combination of cHSP60 and CPAF antibodies can detect 18% of TFI cases 

in our study population with a 100% accuracy. This study was a proof of principle and 

should be further validated, however we concluded that these findings may be promising in 

detection of patients with TFI in the fertility work-up. Addition of CRP results, as a marker 

for low-grade inflammation, to positive Medac ELISA results did not improve the accuracy 

of the CAT. We could not confirm the hypothesis of CRP as being a contribution to detection 

of TFI patients. At last we developed two prediction models for TFI in infertile women and 

showed that these models have a high accuracy and significantly improve the accuracy of 

Medac ELISA as a single test for prediction of TFI. These models use the patients’ clinical 

data that have been obtained during the intake of a routine fertility work-up. The two models 

cannot be transferred into the fertility clinics yet. External validation on another, independent 

infertile cohort should be applied first. 

Based on our results we have some recommendations that should be further explored in 

order to improve the prediction of TFI. As stated previously in this chapter, not all TFI is 

caused by CT infections and not all CT infections cause TFI. Neisseria gonorrhoea is also 

a cause of PID and subsequent TFI(68). Therefore also N.gonorrhoeae serology should be 

implemented in the fertility work-up and past N.gonorrhoeae infections should be particularly 
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inquired during the intake. The Medac ELISA is neither sensitive nor specific enough to 

predict TFI. This assay is no longer produced by the manufacturer. Even though the Mikro-

gen ELISA does not improve the prediction of TFI compared to the Medac ELISA, we do 

recommend to introduce Mikrogen ELISA as CAT in the fertility work-up based on its high 

NPV. Based on the literature, we suggested that Pgp3 may be a promising marker for TFI, 

since this antibody remains detectable for a longer period of time(4). Serum Pgp3 markers 

may be more sensitive for TFI than currently used MOMP serology and combining Pgp3 

with CPAF and cHSP60, which have a high specificity for TFI, might lead to a highly accurate 

test. A commercially available Pgp3 antibody test would be very beneficial. When studying 

the predictive value for TFI of the combination of Pgp3, CPAF and cHSP60, it should be kept 

in mind that neither HSG, nor HyCoSy, nor laparoscopy can detect microscopic damage of 

the fallopian tubes. Therefore also time to pregnancy should be considered as an outcome 

parameter in future studies on TFI.

The prediction models for any tuboperitoneal abnormalities and severe TFI should be exter-

nally validated in an infertility cohort before it can be introduced into the fertility clinic. Ideally, 

external validation should be done in a second line and third line healthcare center, since the 

patients population might differ between these two settings. Clinical data such as medical 

history, physical examination and ultrasound examination should be implemented in the 

prediction model. Combining both Chlamydia serology (chapter 5) and host factors (chapter 

7) into one model may further improve the overall prediction of TFI. The prediction models 

might be further extended with factors such as vaginal microbiota or human genetics, if 

proven accurate and cost-effective.  Figure 1 displays factors that may be taken into account 

in a clinical diagnostic work-up for TFI.

8
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Figure 1. Example of flow-chart of work-up that can be used for diagnosing TFI in the clinical setting. Each predictor 
adds to the total score when positive. In patients with a very low score (arrows to the left) clinicians may decide to 
do no further testing; in patients with a  very high score for TFI (arrows to the right) additional invasive diagnostics 
(HSG, HyCoSy, laparoscopy) may be considered or immediate referral for IVF.  In patients with an intermediate score 
(arrows downwards) additional non-invasive diagnostic testing may be performed.

Patient trying to conceive >1 year

Exclude ovulatory causes of female infertility

HSG/HyCoSy tubal patency testing
Suspicion for TFI? yes/no

Vaginal microbiome profile
Associated with TFI? yes/no

Chlamydia Antibody Test (ELISA or protein micro-
array):

• Pgp3
• cHSP60
• CPAF

Medical history
• Complicated appendectomy yes/no
• Induced abortion yes/no

Patient characteristics
• BMI
• Subfertility duration

Physical examination
• Suspicion for endometriosisyes/no

Ultrasound examination
• Suspicion hydrosalpinx yes/no
• Suspicion ovarian cysts yes/no

Host genetics profile
Associated with TFI? yes/no

High Score
Consider HSG/laparoscopy or 
referral for IVF

Consider HSG/laparoscopy or 
referral for IVF

Consider HSG/laparoscopy or 
referral for IVF

Consider HSG/laparoscopy or 
referral for IVF

Consider HSG/laparoscopy or 
referral for IVF

High Score

High Score

High Score

High Score

Low Score

Low Score

Low Score

Low Score

Low Score

Consider no further testing

Consider no further testing

Consider no further testing

Consider no further testing

Consider no further testing

 

 

Figure 1 is an example of how clinical factors can be combined in order to diagnose TFI. 

Each factor in the work-up adds a value to the total score when positive. When a total score 

exceeds the TFI threshold TFI is highly likely and the patient may be referred for IVF treat-

ment without further testing. This systematic approach reduces costs by limiting unneces-

sary diagnostic tests. Also, except for tubal patency testing, all steps in figure 1 are minimal 

invasive. However, before such work-up can be implemented in the clinical setting additional 

research to the prediction model presented in this thesis should be done. 
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