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Abstract

Background: The impact of current C. trachomatis on clinical pregnancy and live birth rates among women
undergoing tubal flushing is largely unknown. This study aimed to investigate whether current female genital C.
trachomatis infection affects the chance of achieving a clinical pregnancy and a live birth, among infertile women
undergoing tubal flushing, at a fertility centre in Uganda.

Methods: A retrospective Cohort study at a peri-urban fertility centre. A total of 253 eligible women with tubal
factor infertility, who underwent tubal flushing, were enrolled and categorised according to their exposure to
current genital C. trachomatis infection. These women were followed up for a period of 12 months, with the
primary outcome measure being clinical pregnancy and live birth. Secondary outcome measures included
pregnancy loss and procedural related adverse events.

Results: Exposure to current genital C. trachomatis infection reduced chance of clinical pregnancy (adjusted relative
risk 0.42; 95% confidence interval, 0.18–0.96) and a live birth (adjusted relative risk 0.37; 95% confidence interval,
0.14–0.95) after tubal flushing. Women with current C. trachomatis infection had an increased risk of adverse events
(adjusted relative risk, 1.20; 95% confidence interval, 1.08–1.34). However, current C. trachomatis infection did not
affect the risk of spontaneous abortion and ectopic pregnancy.

Conclusion: Current genital C. trachomatis infection in women with tubal factor infertility, undergoing tubal
flushing, lowers their chance of pregnancy and live birth.
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Background
Sub-Saharan Africa is among the regions with the high-
est burden of infertility, contributing to nearly a quarter
of all infertile couples in the world [1]. A female factor is
identified as the cause of infertility in 35% of couples [2]
and fallopian tube pathology is the underlying cause of
infertility in 30–35% of infertile women [3]. Moreover,

majority of tubal pathology results from an antecedent
C. trachomatis infection [4–8].
In low income settings, interventions such as tubal

flushing present a low cost, accessible and minimally in-
vasive alternative for diagnosis and treatment of tubal
factor infertility. Although there is a lot of debate about
the effectiveness of tubal flushing as therapy for sub fer-
tility [9–13], a metanalysis by Mohiyiddeen, Hardiman
[14] found that tubal flushing with oil soluble contrast
media increased the chance of pregnancy and live birth
compared to no intervention. Furthermore, there was no
determination on the difference between the oil soluble
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and water soluble contrast regarding rates of ongoing
pregnancy [14].
In Uganda, use of tubal flushing for the treatment of

subfertility is prolific but safety and efficacy data is lack-
ing. Occasional anecdotal reports on the results of tubal
flushing are inconsistent and do not report on live birth
rates. There is a need for criteria to select women who
are most likely to benefit from tubal flushing while limit-
ing the risk for complications.
Considering that 70–80% of C. trachomatis infections

go unrecognised [15], persistent infection may increase
the risk for pelvic inflammatory disease, tubal factor re-
lated infertility and ectopic pregnancy [15–17]. More-
over, all these sequelae can increase the severity of any
pre-existing tubal pathology which may reduce the
chance of pregnancy after tubal flushing. In addition,
genital C. trachomatis infection has been associated with
an increased risk of miscarriage [18]. However, there is a
paucity of data on the impact of genital C. trachomatis
on clinical pregnancy and live birth rates among women
undergoing tubal flushing. There is uncertainty as to
whether screening for current C. trachomatis infection,
presents an opportunity to guide the judicious prescrip-
tion of tubal flushing among women with tubal factor
infertility in low-income settings. Therefore, this study
aimed to investigate whether current female genital C.
trachomatis infection affects the chance of achieving a
clinical pregnancy and a live birth among infertile
women undergoing tubal flushing at a fertility centre in
Uganda.

Methods
Study design
Retrospective cohort study from 1stJanuary 2012 to
1stJanuary 2017. Data was collected from treatment charts
at Lifesure fertility and gynaecology centre in Uganda.

Study setting
Lifesure fertility and gynaecology centre is a private
clinic located in peri urban Kampala. Patients are re-
ferred there for diagnostic evaluation and therapy in fer-
tility and assisted reproduction. The centre is run by a
team of three gynaecologists, specialised in reproductive
medicine, and a team of dedicated fertility nurses and
clinical embryologists who offer support. At the first
consultation, all women and their partners go through
an assessment which includes (i) detailed history (per-
taining information on; age, menstrual health, parity,
abortions, infertility duration, marital status, social eco-
nomic status, surgery, sexually transmitted infections,
fertility treatment and contraceptive use), (ii) physical
examination, (iii) radiological evaluation (including; hys-
terosalpingography (HSG) and transvaginal ultrasound)
and serum hormonal assays. For men, in addition to

history taking and physical examination, a seminal ana-
lysis is done. Contributory causes of infertility are docu-
mented in the treatment chart before treatment is
prescribed. When the aetiology of infertility is related to
abnormalities in tubal patency as denoted on the HSG,
tubal blockage is graded into grade (I) with moderate
spillage of contrast, (II) with minimal spillage of contrast
and (III) with no spillage of contrast. If a woman meets
the criteria for tubal flushing i.e. she has tubal factor re-
lated infertility in absence a male factor, she will have a
genital C. trachomatis antigen test. The centre uses a
direct binding monoclonal based immunochromato-
graphic assay (Cypress diagnostics, Belgium) for the vis-
ual detection of C. trachomatis antigen from
endocervical samples [for procedural details see Add-
itional file 1]. As standard, women with genital C. tra-
chomatis infection, and their sexual partners, receive a
single dose (1 g) of oral Azithromycin as treatment be-
fore the tubal flushing procedure. The tubal flushing
procedure is carried out using aqueous media in a set of
three timed series i.e. once a day for three consecutive
days between day 6 and day 10 of the menstrual cycle
[for procedural details see Additional file 2]. Following
tubal flushing, conception is managed expectantly with a
prescription; to have sexual intercourse three times a
week. The couple is followed up at 6 months or until
conception whichever comes first. If the couple has not
conceived by 6 months, a repeat tubal flushing is at the
discretion of the couple. If the woman is not pregnant,
regardless of whether a second tubal flushing is per-
formed, the follow up is extended for another 6 months.
If the couple has not conceived at 12 months, they may
opt for either tubal surgery or in vitro fertilization (IVF).

Study population
All women aged 18 to 40 years, with tubal factor related
infertility and undergoing tubal flushing from 1st January
2012 to 1st January 2017, were included in the cohort
provided they had been screened for current genital C.
trachomatis infection.
Data was collected on 446 women, of whom 253 were

included in the cohort at baseline. [See Additional file 3:
Figure S1]. The reasons for exclusion were comorbid
ovulatory dysfunction (n = 73), submucosal or large (> 6
cm) intramural uterine fibroids (n = 10), mullerian duct
anomalies (n = 4), abnormal semen analysis (n = 50),
presence of hydrosalpinx (n = 10), and if treatment
charts were missing information on outcomes (n = 46).

Exposure to genital chlamydia
Data on genital C. trachomatis exposure was obtained
from the treatment charts, where results of routine geni-
tal C. trachomatis antigen screening are documented.
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Outcomes
The patients were followed up at 6-month intervals to
make a total period of 12 months from the first tubal
flushing. The primary outcomes in this study were: [1]
Clinical pregnancy, measured as a population rate and
defined as an intrauterine pregnancy with a confirmed
cardiac activity using ultrasound at 7–8 weeks of amen-
orrhea [2]. Live birth, measured as a population rate and
defined as a live born at 28 weeks or more of gestation.
The secondary outcomes were: [1] Pregnancy loss, mea-
sured as a population rate, and defined as any gestation
not reaching 28 weeks. These included miscarriages and
ectopic gestations [2]. Adverse events at tubal flushing,
also measured as a population rate, and defined as docu-
mentation of either bleeding, pelvic pain or acute pelvic
inflammation at and or within 7 days of tubal flushing.
Information about all the outcomes were abstracted

from the treatment charts and all the primary outcomes
were considered if they occurred within 12 months (52
weeks) after the first tubal flushing.

Confounding variables
Directed acyclic graphs (DAGs) were used to identify
variables that could potentially confound the primary
outcomes, using the principles outlined by Howards
[19]. Therefore we adjusted for the following con-
founders in our statistical models: age at the time of
tubal flushing (years; 19–25, 26–30, 31–35, 36+), dur-
ation of infertility (years; < 2, 2–5, 6+), previous infertil-
ity treatment (binary; tubal flushing, ovulation induction,
alternative medicine and assisted reproductive technolo-
gies), parity (categorical; multiparous, nulliparous), his-
tory of genital infection (binary) and highest attained
education level (categorical; low which was primary or
no education and high which was secondary, technical
or vocational education). Although the type of tubal
blockage, degree of tubal blockage and presence of uter-
ine filling defects were associated with genital C. tracho-
matis exposure, they did not fulfil the criteria for
confounding variables [19]. Further analysis found that
they fulfilled the criterial for mediators [20] because they
seemed to be on the casual path through which C. tra-
chomatis exposure affected the primary outcomes.

Statistical methods
Abstracted data was entered and analysed in STATA 15
(StataCorp).

Participant characteristics
Abstracted data on participant demographics and out-
come modifiers was grouped into respective exposure (ex-
posed to current genital C. trachomatis) and non-
exposure groups. The characteristics were calculated into
proportions and presented as percentages. A chi-square

statistic was used to determine any differences between
the exposed and non-exposed women.

Outcomes
A modified Poisson regression, using a generalised linear
model with robust standard errors, was used to model
the estimated risk of current genital C. trachomatis ex-
posure on getting a clinical pregnancy and a live birth
after tubal flushing. The models were adjusted for the
previously mentioned confounding variables and the es-
timates presented as crude and adjusted relative risk
with their 95% confidence intervals. Poisson regression
models were run to estimate the risk of current genital
C. trachomatis exposure on the secondary outcomes,
pregnancy loss and adverse events.

Sub analysis
Mediation analysis was performed to determine the in-
direct effect of current genital C. trachomatis exposure
on the risk of achieving a clinical pregnancy and live
birth. The mediator variables were type of tubal block-
age, degree of tubal blockage and presence of intrauter-
ine filling defects. The product of coefficients method
was used, and the resulting total indirect and direct ef-
fects were used to compute the proportion of the risk
that was due to the either of the mediator variables.
Bootstrapping was used to compute the standard errors
and 95% confidence intervals to determine whether the
mediation effects of the above-named variables were sta-
tistically significant.

Ethical approval
This study was approved by the research and ethics
committee, identification number UG-REC-020, and a
waiver for informed consent was obtained before patient
file abstraction. All personal identifiers were anon-
ymised, and abstraction forms kept in a secure location.
All electronic data was password protected and uploaded
on a secure computer.

Results
In the study period, 253 women with tubal factor infer-
tility had tubal flushing procedures and were followed
for 12 months. The prevalence of current genital C. tra-
chomatis among this population was 18.2%. All data for
the variables listed in Table 1 were complete. Baseline
data on lifestyle outcome modifiers i.e. alcohol con-
sumption, smoking and body mass index, were incon-
sistently documented and omitted from analysis.
Table 1 depicts characteristics of the study population

at enrolment for tubal flushing according to genital C. tra-
chomatis exposure status. There was no difference be-
tween the exposed and non-exposed women for most of
the baseline variables. Women with genital C. trachomatis
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Table 1 Characteristics of the study population according to current genital Chlamydia trachomatis exposure

Genital Chlamydia exposure

Characteristics Negative (N = 207) Positive (N = 46) P value

Age group at start of treatment (%) 0.941

19–25 12.08 10.87

26–30 42.51 39.13

31–35 27.05 28.26

36 or more 18.36 21.74

Parity (nulliparous; %) 64.73 56.52 0.296

History of abortion (%) 37.2 26.09 0.153

Duration of infertility (%) 0.831

< 2 years 20.77 17.39

2–5 years 62.32 63.04

6 or more years 16.91 19.57

Marital Status (%) 0.541

Single 14.49 13.04

Married 75.85 71.74

Cohabiting 9.66 15.22

Highest attained education level a (%) 0.643

Low 8.70 10.87

High 91.30 89.13

Occupation b (%) 0.147

Unemployed 4.83 0.00

Unskilled worker 1.45 4.35

Skilled worker 93.72 95.65

History of infertility treatment c (%) 92.27 97.83 0.173

History of gynaecological surgery d (%) 41.55 32.61 0.263

History of obstetrical surgery e (%) 11.11 15.22 0.436

History of genital infection (%) 2.90 36.96 0.000

Recent use of hormonal contraception f (%) 2.42 6.52 0.150

Type of tubal blockage (%) 0.002

Unilateral 36.71 13.04

Bilateral 63.29 86.96

Grade of tubal blockage g (%) 0.043

I. Moderate spillage 27.05 13.04

II. Minimal spillage 47.34 45.65

III. No spillage 25.6 41.3

Presence of uterine filling defect (%) 10.14 23.91 0.011

Number of tubal flushing series in 12 months 0.004

One 88.41 71.74

Two 11.59 28.26
aLow: primary or no education. High: secondary, technical or vocational education
bUnskilled labour: work with no special training or experience. Skilled labour: work with special training and experience
cPrevious treatment with either tubal flushing, ovulation induction, alternative medicine or assisted reproductive technologies
dEither myomectomy, tubal surgery, uterine instrumentation or ovarian cystectomy
eEither caesarean section or other obstetric surgical procedures
fEither oral contraceptive, subdermal implant, injectable contraceptive or intrauterine device
gTubal patency as denoted on the HSG, grade (I) with moderate spillage of contrast, (II) with minimal spillage of contrast and (III) with no spillage of contrast
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were more likely to have a prior genital infection, bilateral
tubal blockage, grade III tubal blockage, uterine filling de-
fects and a second tubal flushing procedure.
Overall, regardless of exposure, women undergoing

tubal flushing had a clinical pregnancy rate of 28.85%
and a live birth rate of 24.9%. All the pregnancies among
the women with current genital C. trachomatis occurred
within 6 months of follow up, whereas 94.12% of the
non-exposed women got pregnant within 6 months of
follow up. Table 2 and Table 3 depict the proportions of
clinical pregnancy and live birth according to genital C.
trachomatis exposure status.
Women with current genital C. trachomatis and

undergoing tubal flushing, had a reduced chance of
achieving a clinical pregnancy (adjusted relative risk
[aRR] 0.42; 95% confidence interval [CI], 0.18–0.96) and
a live birth (aRR 0.37; 95% CI, 0.14–0.95) compared to
the non-exposed women (Table 2 and Table 3).
Among women undergoing tubal flushing, there was

no association between current genital C. trachomatis
infection and pregnancy loss (aRR 0.77; 95% CI, 0.10–
5.68), as depicted in Table 4. Women with genital C. tra-
chomatis were more likely to experience adverse events
following tubal flushing (aRR 1.20; 95% CI, 1.08–1.34)
compared to the non-exposed women (Table 5).
In the sub analysis, the effect of current genital C. tra-

chomatis infection on clinical pregnancy and live birth
rate was partly indirect through the bilateral tubal block-
age, grade (II and III) of tubal blockage and uterine filling
defects. In a model with genital C. trachomatis infection
and either of the mediator variables, grade (II and III) of
tubal blockage had the highest mediation effect on clinical
pregnancy (57.3%) and live birth (57%). Uterine filling de-
fects had the lowest mediation effect on clinical pregnancy
(11.7%) and live birth (12.6%). The mediation coefficients
for all the mediator variables, obtained by bootstrapping,
were statistically significant as presented in Table 6.

Discussion
This cohort study of 253 Ugandan women with tubal
factor infertility, undergoing tubal flushing, showed that

women with current genital C. trachomatis infection
were less likely to achieve a clinical pregnancy and a live
birth. Women with genital C. trachomatis infection were
more likely to suffer from procedure-related adverse
events although there was no association with pregnancy
loss.
An 18.2% prevalence of genital C. trachomatis in this

population is nearly 5 -fold that previously reported in
Uganda [21] and the current global prevalence estimate
[22]. Notably, global prevalence estimates exclude high
risk populations of which infertile women belong. None-
theless, similar prevalence estimates have been reported
among low risk African populations i.e. 17.8% [23],
16.5% [24], 16.1% [25]. However, higher prevalence esti-
mates have been reported among women in low re-
source settings with tubal factor infertility i.e. (35.3%) [8]
and 75% [26]. Both studies [8, 26] utilised systemic anti-
body against C. trachomatis proteins which are more
sensitive for previous C. trachomatis exposure unlike
direct local antigen tests which detect current infection.
Overall, a clinical pregnancy rate of 28.85% and a live

birth rate of 24.9% following tubal flushing with aqueous
media among women with tubal factor infertility was
similar to that reported by Spring, Barkan [27]. However,
Spring, Barkan [27] conducted diagnostic tubal flushing
among a heterogenous population of women with infer-
tility. Interestingly, among participants with grade III
tubal blockage (no contrast spillage on HSG) there were
5(6.94%) clinical pregnancies and 4(5.56%) live births
after tubal flushing (not shown). Therefore, tubal flush-
ing is still a viable low-cost intervention among women
with tubal factor infertility.
Although several studies have linked C. trachomatis

infection to infertility [5, 8, 26, 28], there are no reports
on the impact of active genital C. trachomatis infection
on outcomes among women undergoing tubal flushing.
This study found an association between active genital
C. trachomatis infection and reduced clinical pregnancy
and live birth rate among women who underwent tubal
flushing. Among subgroup of participants with grade III
tubal blockage (not shown), there was only 1(5.26%)

Table 2 Associations between genital Chlamydia trachomatis exposure, among women undergoing tubal flushing, and Clinical
pregnancy rate

Chlamydia exposure Total (n) Cases (%) cRR (95% CI) aRR (95% CI)

Negative 207 32.85 1.00 (Reference) 1.00 (Reference)

Positive 46 10.87 0.33 (0.14–0.78)* 0.42 (0.18–0.96)*

*p value < 0.05; cRR: crude relative risk; aRR: adjusted relative risk

Table 3 Associations between genital Chlamydia trachomatis exposure, among women undergoing tubal flushing, and live birth rate

Chlamydia exposure Total (n) Cases (%) cRR (95% CI) aRR (95% CI)

Negative 207 28.50 1.00 (Reference) 1.00 (Reference)

Positive 46 8.70 0.30 (0.12–0.80)* 0.37 (0.14–0.95)*

*p value < 0.05; cRR: crude relative risk; aRR: adjusted relative risk
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clinical pregnancy and live birth in those with genital C.
trachomatis. This was lower than 4(7.55%) clinical preg-
nancies and 3(5.66%) live births in the non-exposed
group.
The reduction in the chance of clinical pregnancy and

live birth could be explained by the fact that women
with genital C. trachomatis infection were more likely to
have bilateral tubal blockage and severe degrees of tubal
blockage, both of which may adversely affect pregnancy
outcomes, at baseline. Indeed, mediation analysis found
these factors along the casual path between genital C. tra-
chomatis and adverse pregnancy outcomes. Even though
exposed women received treatment for C. trachomatis be-
fore tubal flushing, the pervasive and persistent nature of
the C. trachomatis rendered them susceptible to chronic
upper genital tract inflammation and autoimmune phe-
nomena [29]. The other studies, performed among women
undergoing IVF and utilising Chlamydial serological test-
ing, found conflicting results i.e. reduced pregnancy rate
[30, 31] and no difference in pregnancy rate [32].
The lack of association between genital C. trachomatis

exposure and pregnancy loss (abortions or ectopic preg-
nancy), as seen by the wide confidence intervals, arises
from the fact that the sample size did not achieve statis-
tical power to detect these differences. However, several
observational studies have reported a positive association
between genital C. trachomatis and spontaneous abor-
tions [18, 33, 34] or ectopic pregnancy [15–17].
The fact that women with genital C. trachomatis were

likely to have bilateral and severe tubal disease may ex-
plain their increased risk of procedure-related adverse
events i.e. pelvic pain and bleeding. However, acute pel-
vic inflammatory disease which is a known complication
of ascending C. trachomatis during instrumentation
[35], was not reported. This could have been mitigated
by the treatment for C. trachomatis received prior to the
procedure.

The results from this study imply that for couples with
tubal factor infertility and active genital C. trachomatis,
tubal flushing is less likely to result in a live birth. This
chance is reduced even with appropriate antibiotic treat-
ment. An escalation of fertility treatment to IVF, in these
couples, may be justified in order to offer a better
chance at a live birth.
The strength of this study lies in the fact that it is the

first in a low income setting where tubal flushing for
treatment of subfertility is prolific and not guided by
proper evidence. Information concerning most of the
confounding variables was present in the treatment
charts and thus allowed us carry out sensitive statistical
models for the outcomes. Nonetheless, smoking, alcohol
use and body mass index data was inconsistently re-
ported. Excluding women with ovulatory dysfunction
and male factor related infertility allowed us to purely
assess the impact of C. trachomatis infection among
women undergoing tubal flushing. This study was lim-
ited by a retrospective design which carries the risk of
misclassification and missing information. Over 36.96%
of the participants with current genital C. trachomatis
had a history of genital infection compared to 2.9% of
participants in the non-exposed group. A sub analysis
(not shown) found an association between past genital
infection and clinical pregnancy and live birth. Although
we adjusted for this confounder in a robust poisson re-
gression model, the marked skewed distribution of this
variable may create residual confounding. A small sam-
ple size limited the study’s ability to make inferences on
secondary outcomes. Direct C. trachomatis antigen tests
have limited sensitivity for upper genital tract infections
and are inferior to nuclear amplification tests [36].
Nonetheless, the direct binding monoclonal based
immunochromatographic assay utilised by the clinic has
a reported sensitivity of 75 to 85% and specificity of 98
to 99% (reported by Cypress diagnostics, Belgium). The

Table 4 Associations between genital Chlamydia trachomatis exposure, among women undergoing tubal flushing, and pregnancy
loss

Chlamydia exposure Total (n) Cases (%) cRR (95% CI) aRR (95% CI)

Negative 207 4.35 1.00 (Reference) 1.00 (Reference)

Positive 46 2.17 0.50 (0.06–3.87) 0.77 (0.10–5.68)

Table 5 Associations between genital Chlamydia trachomatis exposure, among women undergoing tubal flushing, and procedure-
related adverse events

Chlamydia exposure Total (n) Cases (%) cRR (95% CI) aRR (95% CI)

Negative 207 80.19 1.00 (Reference) 1.00 (Reference)

Positive 46 91.30 1.14 (1.02–1.27)* 1.20 (1.08–1.34)*

*p value < 0.05; cRR: crude relative risk; aRR: adjusted relative risk
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frequency of sexual intercourse under expectant man-
agement following tubal flushing was prescribed but not
assessed and thus could have confounded the results.
This study only reports on current C. trachomatis infec-
tion. Missing information on subclinical or previous
genital C. trachomatis infections could have confounded
the results.

Conclusion
Results from this study suggest that current C. tracho-
matis infection in women with tubal factor infertility,
undergoing tubal flushing, lowers their chance of preg-
nancy and live birth. This reduction occurs irrespective
of pre-procedure antibiotic treatment. Therefore, women
with tubal factor infertility should be screened for
current C. trachomatis infection before undergoing tubal
flushing. This will enable clinicians to advise couples
and prescribe a low-cost intervention judiciously among
women who are most likely to benefit with minimal risk.
Larger cohorts in low-income settings are needed to
confirm these findings and make inferences on the asso-
ciation with spontaneous abortions and ectopic pregnan-
cies among women undergoing tubal flushing.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s40738-019-0069-5.

Additional file 1. The genital Chlamydia trachomatis antigen test.

Additional file 2. The tubal flushing procedure.

Additional file 3: Figure S1. A flow chart for the study population. Ag:
Antigen.

Abbreviations
DAG: Directed acyclic graphs; HSG: Hysterosalpingography; IVF: In vitro
fertilisation

Acknowledgements
We would like to acknowledge Mr. Lawrence Ayo for his invaluable effort in
ensuring accurate data abstraction.

Authors’ contributions
AK developed the study design, performed data quality control, data analysis
and wrote the manuscript. DZ reviewed the study design, treatment chart
abstraction and revised the manuscript. MWL developed the data analysis
plan, preformed data quality control, analysed the data and revised the
manuscript. PS reviewed the data collection tools and revised the

manuscript before submission. All authors read and approved the final
manuscript.

Funding
The authors received no specific funding for this work.

Availability of data and materials
All data generated or analysed during this study is available from the authors
upon reasonable request.

Ethics approval and consent to participate
This study was approved by the research and ethics committee,
identification number UG-REC-020, and a waiver for informed consent was
obtained before patient file abstraction.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Life Sure Fertility and Gynaecology centre, St. Francis Hospital Nsambya,
postgraduate medical school, Uganda Martyr’s University Nkozi, Nsambya,
Uganda. 2St. Francis Hospital Nsambya, Nsambya, Uganda.

Received: 30 August 2019 Accepted: 5 December 2019

References
1. Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA.

National, regional, and global trends in infertility prevalence since 1990: a
systematic analysis of 277 health surveys. PLoS Med. 2012;9(12):e1001356.

2. Barbieri RL. Chapter 22 - Female Infertility. In: Strauss JF, Barbieri RL, editors.
Yen and Jaffe’s Reproductive Endocrinology. 8th ed. Philadelphia: Content
Repository Only; 2019. p. 556–81. e7.

3. Miller JH, Weinberg RK, Canino NL, Klein NA, Soules MR. The pattern of
infertility diagnoses in women of advanced reproductive age. Am J Obstet
Gynecol. 1999;181:952–7.

4. Dhont N. Clinical, epidemiological and socio-cultural aspects of infertility in
resource-poor settings. Evidence from Rwanda. Facts Views Vision Ob Gyn.
2011;3(2):77–88.

5. Nwankwo EO, Sadiq MN. Prevalence of C. trachomatis infection among
patients attending infertility and sexually transmitted diseases clinic (STD) in
Kano, North Western Nigeria. Afr Health Sci. 2014;14(3):672–8.

6. Dabekausen YAJM, Evers JLH, Land JA, Stals FS. C. Trachomatis antibody
testing is more accurate than hysterosalpingography in predicting tubal
factor infertility*. Fertil Steril. 1994;61(5):833–7.

7. Moore D, Foy H, Daling J, Grayston JT, Spadoni L, Wang S-P, et al. Increased
frequency of serum antibodies to C. trachomatis in infertility due to distal
tubal disease. Lancet. 1982;320(8298):574–7.

8. Olaleye O, Olamijulo JA. The value of chlamydial antibody level for
predicting tubal blockage among women undergoing
hysterosalpingography in Lagos, Nigeria. Int J Gynecol Obstet. 2016;134(1):
33–6.

9. Johnson NP, Farquhar CM, Hadden WE, Suckling J, Yu Y, Sadler L. The
FLUSH trial--flushing with lipiodol for unexplained (and endometriosis-

Table 6 Results from mediation analysis

Mediator variable Indirect effect (%) a Mediator coefficient Bias Bootstrap standard
error

Bias corrected 95%
Confidence interval

Bilateral tubal blockage 51.3 b; 46.7 c −0.113 b; −0.092 c 0.007 b

0.005 c
0.026 b; 0.231 c [− 0.149, − 0.055] b

[− 0.125, − 0.049] c

Grade II and III tubal
blockage

57.3 b; 57 c −0.2 b; − 0.178 c 0.008 b

0.005 c
0.086 b; 0.079 c [−0.368, − 0.057]b

[− 0.319, − 0.039] c

Uterine filling defects 11.7 b; 12.6 c −0.026 b; − 0.025 c −0.003 b

− 0.002 c
0.018 b; 0.015 c [−0.069, − 0.003] b

[− 0.064, − 0.004] c

aeffect of genital Chlamydia trachomatis infection on outcome that is indirect via the mediator variable.; bmediation on clinical pregnancy; cmediation on live birth

Kayiira et al. Fertility Research and Practice            (2019) 5:16 Page 7 of 8

https://doi.org/10.1186/s40738-019-0069-5
https://doi.org/10.1186/s40738-019-0069-5


related) subfertility by hysterosalpingography: a randomized trial. Hum
Reprod. 2004;19(9):2043–51.

10. Johnson NP. A review of the use of lipiodol flushing for unexplained
infertility. Treat Endocrinol. 2005;4(4):233–43.

11. Brent K, Hadden WE, Weston-Webb M, Johnson NP. After the FLUSH trial: a
prospective observational study of lipiodol flushing as an innovative
treatment for unexplained and endometriosis-related infertility. Aust N Z J
Obstet Gynaecol. 2006;46(4):293–7.

12. Luttjeboer F, Harada T, Hughes E, Johnson N, Lilford R, Mol BW. Tubal
flushing for subfertility. Cochrane Database Syst Rev. 2007;2007(3):Cd003718.
https://doi.org/10.1002/14651858.CD003718.pub3.

13. Johnson N, Vandekerckhove P, Watson A, Lilford R, Harada T, Hughes E.
Tubal flushing for subfertility. Cochrane Database Syst Rev. 2002;2005(2):
Cd003718. https://doi.org/10.1002/14651858.CD003718.pub2.

14. Mohiyiddeen L, Hardiman A, Fitzgerald C, Hughes E, Mol BW, Johnson N,
et al. Tubal flushing for subfertility. Cochrane Database Syst Rev. 2015;
2015(4):Cd003718. https://doi.org/10.1002/14651858.CD003718.pub4.

15. Menon S, Timms P, Allan JA, Alexander K, Rombauts L, Horner P, et al.
Human and pathogen factors associated with C. trachomatis-related
infertility in women. Clin Microbiol Rev. 2015;28(4):969–85.

16. Hoenderboom BM, van Benthem BHB, van Bergen J, Dukers-Muijrers N,
Gotz HM, Hoebe C, et al. Relation between C. trachomatis infection and
pelvic inflammatory disease, ectopic pregnancy and tubal factor infertility in
a Dutch cohort of women previously tested for C. trachomatisin a C.
trachomatisscreening trial. Sex Transm Infect. 2019;95(4):300–6.

17. Davies B, Turner KME, Frolund M, Ward H, May MT, Rasmussen S, et al. Risk
of reproductive complications following C. trachomatistesting: a population-
based retrospective cohort study in Denmark. Lancet Infect Dis. 2016;16(9):
1057–64.

18. Ahmadi A, Khodabandehloo M, Ramazanzadeh R, Farhadifar F, Roshani D,
Ghaderi E, et al. The relationship between C. trachomatis genital infection
and spontaneous abortion. J Reprod Infertility. 2016;17(2):110–6.

19. Howards PP. An overview of confounding. Part 2: how to identify it and
special situations. Acta Obstet Gynecol Scand. 2018;97(4):400–6.

20. Valeri L, Vanderweele TJ. Mediation analysis allowing for exposure-mediator
interactions and causal interpretation: theoretical assumptions and
implementation with SAS and SPSS macros. Psychol Methods. 2013;18(2):
137–50.

21. Råssjö E-B, Kambugu F, Tumwesigye MN, Tenywa T, Darj E. Prevalence of
sexually transmitted infections among adolescents in Kampala, Uganda, and
theoretical models for improving syndromic management. J Adolesc Health.
2006;38(3):213–21.

22. Rowley J, Vander Hoorn S, Korenromp E, Low N, Unemo M, Abu-Raddad LJ,
et al. Chlamydia, gonorrhoea, trichomoniasis and syphilis: global prevalence
and incidence estimates, 2016. Bull World Health Organ. 2019;97(8):548–62P.

23. Moodley D, Moodley P, Sebitloane M, Soowamber D, McNaughton-Reyes
HL, Groves AK, et al. High prevalence and incidence of asymptomatic
sexually transmitted infections during pregnancy and postdelivery in
KwaZulu Natal, South Africa. Sex Transm Dis. 2015;42(1):43–7.

24. Jespers V, Crucitti T, Menten J, Verhelst R, Mwaura M, Mandaliya K, et al.
Prevalence and correlates of bacterial vaginosis in different sub-populations
of women in sub-Saharan Africa: a cross-sectional study. PLoS One. 2014;
9(10):e109670.

25. Peters RP, Dubbink JH, van der Eem L, Verweij SP, Bos ML, Ouburg S, et al.
Cross-sectional study of genital, rectal, and pharyngeal C. trachomatisand
gonorrhea in women in rural South Africa. Sex Transm Dis. 2014;41(9):564–9.

26. Ogbu GI, Anzaku SA, Aimakhu C. Burden of C. trachomatis infection
amongst infertile women compared with pregnant controls in North-central
Nigeria. Int J Res Med Sci. 2017;5(9) September 2017DO - 1018203/2320-
6012ijrms20173954. 2017.

27. Spring DB, Barkan HE, Pruyn SC. Potential therapeutic effects of contrast
materials in Hysterosalpingography: a prospective randomized clinical trial.
Radiology. 2000;214(1):53–7.

28. Malik A, Jain S, Rizvi M, Shukla I, Hakim S. C. Trachomatis infection in
women with secondary infertility. Fertil Steril. 2009;91(1):91–5.

29. Witkin SS, Minis E, Athanasiou A, Leizer J, Linhares IM. C. Trachomatis: the
persistent pathogen. Clin Vaccine Immunol. 2017;24(10):e00203–17.

30. Pacchiarotti A, Sbracia M, Mohamed MA, Frega A, Pacchiarotti A, Espinola
SMB, et al. Autoimmune response to C. trachomatis infection and in vitro
fertilization outcome. Fertil Steril. 2009;91(3):946–8.

31. Witkin SS, Sultan KM, Neal GS, Jeremias J, Grifo JA, Rosenwaks Z.
Unsuspected C. trachomatis infection and in vitro fertilization outcome. Am
J Obstet Gynecol. 1994;171(5):1208–14.

32. Claman P, Amimi MN, Peeling RW, Toye B, Jessamine P. Does serologic
evidence of remote C. trachomatis infection and its heat shock protein
(CHSP 60) affect in vitro fertilization-embryo transfer outcome? Fertil Steril.
1996;65(1):146–9.

33. Singh N, Prasad P, Das B, Rastogi S. Recurrent spontaneous abortion:
Significance of early non-invasive detection of C. trachomatis infection. Int J
Infect Dis. 2016;45:47.

34. Baud D, Goy G, Jaton K, Osterheld M-C, Blumer S, Borel N, et al. Role of C.
trachomatis in miscarriage. Emerg Infect Dis. 2011;17(9):1630–5.

35. Macmillan SC. Trachomatis in subfertile women undergoing uterine
instrumentation: the clinician's role. Hum Reprod. 2002;17(6):1433–6.

36. Meyer T. Diagnostic Procedures to Detect C. trachomatis Infections.
Microorganisms. 2016;4(3):25.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kayiira et al. Fertility Research and Practice            (2019) 5:16 Page 8 of 8

https://doi.org/10.1002/14651858.CD003718.pub3
https://doi.org/10.1002/14651858.CD003718.pub2
https://doi.org/10.1002/14651858.CD003718.pub4

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Study setting
	Study population
	Exposure to genital chlamydia
	Outcomes
	Confounding variables
	Statistical methods
	Participant characteristics
	Outcomes
	Sub analysis

	Ethical approval

	Results
	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

