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SUMMARY

Summary

This thesis describes various approaches in the improvement of prediction of chlamydia 

induced tubal factor infertility (TFI). The overarching subject in this thesis is Chlamydia 

trachomatis (CT) serology, which has been a crucial element in all studies collected in 

this thesis. With over 130 million infections worldwide each year, the WHO declared CT 

infections the most prevalent curable STI worldwide. In up to 80% of women a genital tract 

CT infection is asymptomatic, which implies that many CT infections are unnoticed and 

remain untreated. Although in over 90% of women the immune system clears the infection 

within two years without treatment, early detection and adequate treatment of CT infection 

is crucial to minimize the risk of complications such as PID, ectopic pregnancy, and TFI. 

Unfortunately many CT infections are untreated or have been detected too late, and in a 

significant proportion of these women severe sequelae have occurred. In the late ‘70s and 

early ‘80s Finnish scientists found that infertile women with tubal pathology had significantly 

higher CT IgG titers than healthy pregnant women. Based on these findings the Chlamydia 

trachomatis antibody test (CAT) was implemented in fertility clinics in the Netherlands in the 

early ‘90s in order to assess the risk for TFI in infertile women, and to individualize the need 

for additional invasive procedures (i.e. hysterosalpingography (HSG) and laparoscopy). The 

prediction of CAT for TFI however appeared not to be very accurate: 40-45% of CAT-positive 

patients who were referred for laparoscopy did not have TFI, and 20% of CAT-negative 

patients do have TFI and were thus unnecessarily delayed for laparoscopy and treatment. 

The main purpose of the studies in this thesis is improvement of the prediction of TFI with 

non-invasive tools, especially serologic tests but also taking patient characteristics into 

account. A highly sensitive and specific prediction tool for TFI would limit the use of invasive 

and expensive techniques such as laparoscopy or HSG, and may limit delay toward IVF 

treatment in women with severe TFI. The latter is an important benefit since with increasing 

female age the chances of a successful pregnancy decline.

In chapter 1, the general introduction of this thesis, C. trachomatis is introduced and its 

potential to infect various sites of the human body, the subsequent sequelae, and the 

epidemiology of both genital infection and secondary complications are described. The 

role of CT serology in the prediction of TFI over the years and different CATs that have been 

used in both study and clinical setting are discussed in detail. This chapter also describes 

the aims and outline of this thesis.
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Chapter 2 is a short communication in which the outcome of CT IgG stability in home 

collected capillary blood samples is discussed. This is of significant importance to the 

epidemiologic research field. Serum samples of 35 women were collected at home in BD 

Microtainers and analyzed two hours (t0), four days (t1), and seven days (t2) after collec-

tion. CT IgG concentrations in serum remained stable up to seven days after whole blood 

collection. Kappa values between t0 samples and, t1 and t2 samples indicated high level of 

agreement: 0.83 (t0 vs. t1) and 0.90 (t0 vs. t2) respectively. We concluded that this method 

of home collection and transport by mail can be used in epidemiological studies. 

Chapter 3 focuses on the performance of two different CT IgG tests and their prediction 

for TFI. This study was done in a cohort of infertile women who visited the fertility clinic in 

the University Medical Center of Groningen between 2007 and 2013. All 183 women had 

undergone a tubal patency test with either HSG or laparoscopy. In 48 patients TFI was found 

and 135 women without TFI were controls. This study compares the predictive value for TFI 

of the most commonly used Medac CT IgG ELISA with the multi-target Mikrogen ELISA. The 

results show that using CAT that detect CT IgG’s directed against different epitopes, such as 

Mikrogen ELISA, improves the NPV of the test for TFI (86% vs. 76%), although the difference 

in prediction of TFI cases was not statistically significant. The PPV did not differ between 

both tests (32% vs. 30%). The Mikrogen ELISA detected almost all TFI cases, but detected 

patients with IgG antibodies who had no TFI as well (i.e. false positives). The Medac ELISA 

found less IgG positive patients without TFI (i.e. false negatives), but identified only half of 

all TFI cases. The concordance between the tests is fair. The concordance was expected 

to be higher since both the Mikrogen ELISA and the Medac ELISA detect antibodies against 

the CT MOMP protein. However both assays detect a different patient population as being 

CT IgG positive. We concluded that Mikrogen ELISA is a suitable replacement for the Medac 

ELISA, since no significant difference in the predictive values for TFI is found. 

Based on these results we decided to compare the performance of the Mikrogen ELISA 

with the Mikrogen immunoblot. In chapter 4 these two tests are compared in the same 

study population used in the study in chapter 3. The two tests were compared for their 

performance and their prediction of TFI. The difference between PPVs was not statistically 

significant (33% and 39% respectively) and NPV in both tests was 81%. The difference in 

sensitivity and specificity was statistically significant, respectively 65% vs. 52% (ELISA vs. 

immunoblot) and 54% vs. 71%. This was expected since other infectious disease studies 
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have shown that the immunoblot tends to be more specific but less sensitive than ELISA. 

This significant difference in sensitivity and specificity is due to the difference in criteria for 

positivity of both tests. Kappa value for agreement between the two tests was only 45%, 

despite the fact that both tests are from the same manufacturer and coated with three of 

the same antigens. 

Many studies have researched different CT IgG antibodies and their presence in different 

study populations. It is often claimed that based on the results of those studies a certain 

antibody would be highly predictive for TFI, however in other studies these results are con-

tradicted. In continuation of chapter 4 we wanted to know what (combination of) individual 

antibodies are highly predictive for TFI. In chapter 5 the proof of principle of development of 

an algorithm that can predict TFI with a high certainty by adjusting cut-off titers of different 

chlamydial antibodies is explored. The same study cohort as in chapters 3 and 4 was used. 

Significant differences in the distributions of antigen titers between TFI patients and controls 

were observed for the immunodominant CT proteins CPAF, HSP60, MOMP, and OMP2. 

However none of the individual antigens can distinguish between TFI patients and controls 

by itself. We developed different prediction rules based on different CT IgG cut-off values, 

which enabled variation of sensitivity and specificity of the prediction rule. All different 

prediction rules produced by the algorithm included CPAF. When combining CPAF with 

HSP60 18.2% of all TFI cases were detected with a 100% certainty. TARP was not included 

in any of the decision rules. Translation of such decision rules to the fertility work-up cannot 

be done based on these results yet, since validation of this decision rule in an independent 

and larger cohort is needed.

In chapter 6 the additional value of slightly increased levels of CRP, as a marker of low-

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

positive infertile women. In this study minimal CRP elevations (3-10 mg/L) did not attribute 

to the prediction value for TFI of positive Medac ELISA results. Correction for BMI and 

smoking, factors that can induce minimal CRP elevations, did not significantly alter the 

results. We concluded that the hypothesis that slightly elevated CRP could be an indication 

for a persistent low-grade CT infection, could not be confirmed. Elevated CRP levels were 

not associated with TFI in our study population of infertile CAT-positive women.
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Based on data obtained in the large cohort of infertile women who visited the University 

Medical Center in Groningen between 2007 and 2017, two prediction models for TFI were 

developed, i.e. for any tuboperitoneal abnormalities and severe TFI. Patient characteristics 

such as infertility duration, history of complicated appendicitis, visualization of hydrosalpinx 

on ultrasound, and a positive CAT result were identified as variables in both prediction 

models. Both models had a good to excellent accuracy, which was significantly higher than 

the prediction for TFI based on CAT alone. These results are shown and discussed in chapter 

7. The benefit of such models is that the input data can all be required in a low cost and 

non-invasive manner at intake in a fertility center. Before implementation of such prediction 

models in the fertility work-up is possible, external validation in another independent infertile 

cohort is mandatory.

The general discussion of this thesis, including general conclusions and recommendations, 

are provided in chapter 8. In this chapter the findings of our studies are compared to data 

from earlier and more recent studies. Fortunately, although small, the research field that 

explores CT serology and its prediction for secondary complications is very active and 

new studies are published frequently. We recommend that more aspects that influence 

the course of infection, such as the vaginal microbiome, and host genetics, should be 

explored further and might be implemented in a future prediction model for TFI such that a 

more personalized risk assessment can be made and more costly and invasive additional 

diagnostic testing can be individualized.


