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Abstract
Objective To assess the association between occurrence
and timing of maternal self-reported genitourinary tract
infection (urinary tract infections [UTIs] and/or sexually
transmitted infection [STI]) and risk for gastroschisis in the
offspring.
Design Population-based case–control study.
Setting National Birth Defects Prevention Study, a
multisite study in the USA.
Participants Mothers of 1366 gastroschisis cases and
11 238 healthy controls.
Main outcome measures Crude and adjusted ORs (aORs)
with 95% CIs.
Results Genitourinary infections were frequent in
case (19.3%) and control women (9.9%) during the
periconceptional period (defined as 3 months prior
to 3 months after conception). UTI and/or STI in the
periconceptional period were associated with similarly
increased risks for gastroschisis (aOR 1.5, 95% CI 1.3 to
1.8; aOR 1.6, 95% CI 1.2 to 2.3, respectively). The risk was
increased with a UTI before (aOR 2.5; 95% CI 1.4 to 4.5) or
after (aOR 1.7; 95% CI 1.1 to 2.6) conception only among
women ≥25 years of age. The risk was highest among
women <20 years of age with an STI before conception
(aOR 3.6; 95% CI 1.5 to 8.4) and in women ≥25 years of
age, the risk was similar for before (aOR 2.9; 95% CI 1.0
to 8.5) and after (aOR 2.8; 95% CI 1.3 to 6.1) conception.
A specific STI pathogen was reported in 89.3% (50/56) of
cases and 84.3% (162/191) of controls with Chlamydia
trachomatis the most common (25/50 cases, 50%; 58/162
controls, 36%) and highest among women <20 years of
age (16/25 cases, 64%; 22/33 controls, 67%).
Conclusions UTI and/or STI were associated with an
increased risk for gastroschisis, with the strength of
the association varying by maternal age and timing of
infection.

Introduction
Gastroschisis is a severe abdominal defect
in which the midgut prolapses outside the
abdominal cavity, usually on the right, adjacent to the umbilical cord. The mechanism
underlying this birth defect is not understood. Rittler et al1 proposed a failure in the

Strengths and limitations of this study
►► This is a case–control study with case infants iden-

tified from population-based surveillance systems
and control infants randomly selected from the
same population among the 10 centres throughout
the USA.
►► Mothers of cases and controls were interviewed
by trained interviewers using a computerised-access telephone interview between 6 weeks and 24
months after the estimated date of delivery. Recall
bias may impact the findings of this study.
►► The gastroschisis case group was clinically well defined and reviewed by one geneticist involved in the
study.
►► A large proportion of sexually transmitted infections
are asymptomatic and the use of maternal self-report for infection status may likely misclassify many
women as unexposed.

normal attachment between the umbilical
cord and umbilical ring perhaps due to a
decrease in cell deposition that then weakens
the cord attachment on one side. If this is the
mechanism that results in gastroschisis, the
critical timing of an exposure may involve
several months: before or after conception,
or, before, during or after the merging of
the body stalk and omphalomesenteric stalk
(21–35 days postconception).2 The prevalence of gastroschisis in recent decades shows
a remarkable and worrying increasing trend
in the USA3–6 and elsewhere,7 8 suggesting a
role of an environmental factor yet unknown.
Most infants with gastroschisis (approximately 80% in several studies)6 7 9 are born to
women under 25 years of age, and rates are
highest among infants born to the youngest
mothers (<20 years of age), for reasons that
are unclear. These two epidemiological traits
could be tied together by environmental risk
factors that are increasing and also either
more common or more harmful in younger
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Material and methods
Study design
The NBDPS is a multisite, population-based case–control
study based on data from 10 centres (Arkansas, California,
Georgia, Iowa, Massachusetts, New Jersey, New York,
North Carolina, Texas and Utah), designed to investigate
the environmental and genetic risk factors for non-syndromic birth defects.24
Case infants with eligible birth defects were identified
from the centres’ population-based birth defects surveillance systems. NBDPS cases included any live-born infant
or fetus (ie, stillborn or a result of a pregnancy termination) with an estimated date of delivery (EDD) from
October 1997 to December 2011. Controls were live-born
infants without major birth defects randomly selected
from either birth certificates or hospitals from the same
birth population. Women were asked to participate in a
computer-assisted telephone interview in either English
or Spanish between 6 weeks and 2 years after the EDD.
The interview included questions on demographics,
medication use, illnesses, and occupational, lifestyle and
other exposures from 3 months before through the end
of pregnancy.
Case classification
Clinical data on each birth defect case were reviewed
for eligibility by each centre’s clinician before the interview occurred. Clinical information on infants with
2

gastroschisis was reviewed by one investigator (CAM)
and classified as having isolated or multiple defects.25 We
excluded any gastroschisis case that was suggestive of or
classified as a limb-body wall complex or amniotic band
sequence.
Overall participation rates were 65% (1506 interviewed/2332 eligible) for case and 64% (11 329 interviewed/18 614 eligible) for control mothers. The median
time from EDD to interview was 9.5 (±6.3) months for
case women and 8.6 (±6.5) months for control women.
The study group included 1506 cases and 11 829 controls.
We then excluded 62 cases and 223 controls who did not
complete the interview; 56 cases because of a limb-body
wall complex or amniotic band sequence diagnosis; and
22 cases and 368 controls with pregestational diabetes.
Thus, the final study group comprised 1366 cases and
11 238 controls. Among all NBDPS control women that
did not participate, maternal, paternal and infant characteristics were similar to the underlying population of
randomly selected controls.26
Exposure assessment
Three questions captured information on UTI and/or
STI: ‘Did you have any of the following illnesses’: (1)
‘a kidney, bladder or UTI?’; (2) ‘pelvic inflammatory
disease or PID?’ and (3) ‘Did you have any other diseases
or illnesses that we have not already talked about such
as… sexually transmitted diseases?’. Women were considered exposed if they reported either a UTI or STI at any
time from 3 months before conception through the end
of the first trimester of pregnancy (B3-P3). Any woman
reporting PID was considered to have an STI, since two
sexually transmitted pathogens, C. trachomatis or Neisseria
gonorrhoeae, are among the major causes of PID.27 Blinded
to case or control status, two investigators (MLF and KEA)
reviewed all free-text responses to the question regarding
‘other diseases or illnesses’ to code any UTI or STI, and to
code the pathogen if reported by the woman. Reviewers’
discrepancies (n=51) were addressed by a blinded investigator (LDB) to make the final determination for the freetext responses.
We created three main exposure groups: any GUI
(UTI and/or STI), UTI and STI. Two case and four
control mothers reported both a UTI and STI during
B3–P3. The unexposed group included women that did
not report a UTI or STI during B3–P3. We evaluated
infections reported prior to conception (B3–B1), after
conception (P1–P3) and the entire period (B3–P3). Any
woman reporting a UTI and/or STI in the second and/or
third trimester was considered unexposed for this study.
Women who were not able to report the actual timing of
their infection were excluded.
Statistical analysis
For all analyses, we used the eligible cases and controls
from the entire period, 1997–2011. We assessed the
distribution of maternal characteristics and infection
status by case–control women with Pearson’s X2 test. We
Feldkamp ML, et al. BMJ Open 2019;9:e026297. doi:10.1136/bmjopen-2018-026297
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women. One such environmental factor under investigation consists of genitourinary tract infections (GUIs),
which include urinary tract infections (UTIs) and/or
sexually transmitted infections (STIs). Both UTIs and
STIs occur more frequently among young sexually active
women.10 11 In addition, young women appear comparatively more susceptible to STI, particularly Chlamydia
trachomatis and gonorrhoea, due to cervical ectropion.12 13
Several studies have documented an association
between gastroschisis and either self-reported GUI14–19 or
antiviral medications used to treat an STI.20 The methods
in these studies, especially how the infections and the
timing were documented or diagnosed, vary considerably. A recent study21 noted a fourfold increased risk for
gastroschisis among women with seropositivity during
pregnancy to anti-C. trachomatis IgG3, suggesting a role
for recent STI due to C. trachomatis. However, in a Finnish
cohort, no association was observed between C. trachomatis-specific IgG and gastroschisis,22 though a twofold
increased risk was observed with presence of antibodies
to herpes simplex virus type 2 (HSV-2) during early
pregnancy.23
This study aimed at expanding the size and scope of the
original analysis (1997–2003 births) from the National
Birth Defects Prevention Study (NBDPS)15 to better assess
the relationship between self-reported periconceptional
GUIs and gastroschisis in terms of infection type (UTI,
STI), timing of infection and reported pathogen.

Open access

Patient and public involvement
Two federal mandates were responsible for the creation
of the Centers for Birth Defects Research at Centers for
Disease Control and Prevention24: the Congressional
mandate in 1996 and the Birth Defects Prevention Act in
1998. After these mandates, the NBDPS was designed and
conducted by participating centres around the country.
Mothers of infants with and without a birth defect were
not involved in the study design or questionnaire development, however, participants were asked: ‘Is there anything,
including some of the factors we’ve talked about that you
think might cause birth defects?’ and the responses were
considered when making changes to the questionnaire.
The NBDPS collaborators have shared results of some
analyses via an NBDPS newsletter with participants, available on the NBDPS website (http://nbdps.org).

Results
Prevalence of infection and overall risk
Case and control women differed with respect to age,
race/ethnicity, education, smoking, BMI and gestational
diabetes (table 1). In all the strata except for underweight
women (BMI <18.5 kg m2) case women reported UTI
and/or STI more frequently than control women. We
excluded 28 (2.0%) case and 129 (1.1%) control women
from further analyses as they did not report a specific
month of their GUI (table 1). Mothers of infants with
gastroschisis reported a UTI, STI or any GUI 3 months
before (B3) to 3 months after (P3) conception more
frequently compared with mothers of infants without
Feldkamp ML, et al. BMJ Open 2019;9:e026297. doi:10.1136/bmjopen-2018-026297

birth defects (figure 1). Overall, gastroschisis was associated with an increased risk for women reporting a GUI
(aOR 1.6, 95% CI 1.3 to 1.9) during the periconceptional
period and this was similar when stratified by infection
type (UTI: aOR 1.5, 95% CI 1.3 to 1.8; STI: aOR 1.6,
95% CI 1.2 to 2.3) (figure 2; data in online supplementary
table 1). cOR and aOR with 95% CIs were not statistically
significantly different comparing the period (1997–2003)
covered by our earlier paper15 to the 2004–2011 time
period for each infection type (UTI, STI or GUI) (test of
homogeneity for each infection and time period comparison ranging between p=0.55 and 0.98) (online supplementary table 2).
Risk by infection, age, smoking
When the analysis was stratified by GUI, smoking and
maternal age, the highest odds were observed in women
who were concurrently young, smokers and with a
reported GUI (table 2). The estimated relative risk in this
group (young women who reported both smoking and a
GUI) was 25 times that of the lowest risk group (women
who were non-smokers, reported no history of a GUI and
were >25 years of age). This pattern was similar when
the timing of the reported GUI was restricted to before
(B3B1) or after (P1P3) conception (data not shown).
Risk by timing of infection
Gastroschisis was associated with an increased risk for
women reporting either a UTI (aOR 1.8, 95% CI 1.3 to
2.4) or STI (aOR 2.1, 95% CI 1.3 to 3.4) prior to conception (figure 2; data in online supplementary table 1).
The strongest association (aOR 3.6, 95% CI 1.5 to 8.4)
was observed among women with an STI prior to conception who were <20 years of age. By comparison, an infection after conception was associated with an aOR of 1.5
(95% CI 0.8 to 2.7) (figure 2; data in online supplementary table 1). Women ≥25 years of age reporting a UTI
were at an increased risk for having an infant with gastroschisis if the infection occurred prior to (aOR 2.5, 95% CI
1.4 to 4.5) or after conception (aOR 1.7, 95% CI 1.1 to
2.6) and risk was highest among women reporting an STI
prior to (aOR 2.9, 95% CI 1.0 to 8.5) or after conception
(aOR 2.8, 95% CI 1.3 to 6.1) (figure 2; online supplementary table 1).
Interaction between maternal age and infection
Based on aORs, we observed a positive synergistic interaction on the additive scale between young maternal age
and infection for risk of gastroschisis (online supplementary table 3). Co-occurrence of maternal age between
20–24 years and UTI increases gastroschisis risk more
than the sum of each of these risk factors alone. While the
RERI for maternal age <20 years and STI was suggestive
of a positive interaction, the estimate was imprecise (CIs
included zero).
Risk by type of STI pathogen
Among those women reporting an STI, 89% (50/56)
of the case women and 85% (162/191) of the control
3
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used logistic regression to investigate the relationship
between gastroschisis and GUIs. Crude OR (cOR) and
adjusted ORs (aORs) with 95% CIs were calculated for
any GUI, by subtype (UTI, STI), timing of infection, and
if reported, specific pathogens and the risk for gastroschisis. We used the Breslow-Day test for homogeneity to
assess ORs for the two time periods (1997–2003, 2004–
2011) for each infection type. Based on our previous
work,15 ORs were adjusted for the following a priori set
of covariates: maternal age (continuous), race/ethnicity
(non-Hispanic white (reference), Hispanic, other), cigarette smoking (yes, no (reference)), prepregnancy body
mass index (BMI: weight in kilograms/height in metres2)
(underweight, normal (reference), overweight, obese)
and gestational diabetes (yes, no (reference)). We used
a stratified analysis to assess the risk of gastroschisis
within each maternal age category and evaluated whether
maternal age, cigarette smoking and infection status are
independent risk factors or interact to increase the risk of
gastroschisis. Additive effects of infection and maternal
age on gastroschisis were evaluated by calculating the
relative excess risk due to interaction (RERI).28–30 Under
the null hypothesis of no interaction, we would expect
a RERI of zero, attributable proportion of zero and a
synergy index of one in the additive model.28 All analyses
were conducted using SAS V.9.1 (SAS).
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Cases

Maternal
characteristics*

Controls

All n=1366

UTI
B3P3
n=218

STI
B3P3
n=56

No
infection
n=1075

Infection
timing
missing All
n=28
n=11 238

n (%)

%

%

%

%

n (%)

UTI
B3P3
n=953

STI
B3P3
n=191

Infection
No
timing
infection missing
n=9998 n=129

%

%

%

%

Age†
 <20 years

489 (35.8)

16.0

5.3

77.5

2.2

1120 (10.0)

13.0

3.0

83.0

1.6

 20–24 years

579 (42.4)

17.8

3.6

78.1

1.6

2532 (22.5)

11.8

3.0

84.4

1.4

 25–29 years

214 (15.7)

14.0

3.3

79.4

3.3

3130 (27.9)

8.0

1.1

89.8

1.2

8.3

2.4

88.1

1.2

4456 (39.7)

5.8

1.1

92.5

0.9

 
>30 years

84 (6.1)

Race/ethnicity‡
 Non-Hispanic
white

689 (50.4)

16.4

3.8

78.2

2.3

6574 (58.5)

7.8

1.4

89.8

1.2

 Hispanic

441 (32.3)

16.8

4.1

78.5

1.4

2703 (24.1)

9.6

2.1

87.8

1.0

 Non-Hispanic
black

119 (8.7)

14.3

5.9

79.0

1.7

1239 (11.0)

9.5

2.6

87.6

1.0

 Other

117 (8.6)

12.3

4.3

82.1

2.6

720 (6.4)

8.8

1.7

88.8

1.1

 
<12 years

894 (66.2)

16.4

4.0

77.7

2.6

4486 (40.2)

10.6

2.3

86.0

1.7

 >12 years

457 (33.8)

14.7

4.2

81.0

0.9

6673 (59.8)

7.1

1.3

91.0

0.8

 No

872 (64.3)

14.1

3.7

81.1

1.7

9180 (82.1)

7.8

1.4

90.1

1.0

 Yes

484 (35.7)

19.4

5.0

74.4

2.5

2000 (17.9)

11.7

3.1

84.1

1.6

 <18.5

118 (8.9)

16.1

1.7

79.7

3.4

587 (5.5)

10.9

2.7

85.2

1.5

 18.5 to <25

895 (67.7)

16.0

4.9

78.0

2.0

5821 (54.1)

7.9

1.5

89.9

1.0

 25 to <30

237 (17.9)

14.3

3.0

81.9

1.3

2442 (22.7)

8.3

1.8

89.0

1.2

72 (5.4)

23.6

4.2

73.6

0.0

1917 (17.8)

9.6

2.1

87.6

1.2

 No

1343 (98.5)

15.9

4.1

78.8

2.1

10 646 (95.3)

 Yes

20 (1.5)

15.0

5.0

80.0

–

Education†

Smoking†

Preconception BMI†

 
>30
Gestational
diabetes†

525 (4.7)

8.4

1.7

89.0

1.1

9.5

2.5

87.8

1.3

Counts and per cents for each of the infection categories can add up to more than 100% since women could report both a UTI and an STI.
B3P3: 3 months before (B3) to 3 months after (P3) conception.
*Missing data for each characteristic are not included.
†P<0.0001.
‡P=0.0003 Comparing distribution between cases and controls (p value calculated using χ2, excluding missing data).
BMI, body mass index kg/m 2; STI, sexually transmitted infection; UTI, urinary tract infection.

women were able to report a specific pathogen (one
case and nine controls reported two pathogens each): C.
trachomatis was the most commonly reported pathogen
(25/50 cases, 50%; 58/162 controls, 36%). C. trachomatis
was reported more often in women less than 20 years of
age (cases 16/25, 64%; controls 22/33, 67%) than among
women aged 20–24 years (cases 7/21, 30%; controls
30/77, 39%) and women 25 years and older (cases 2/9,
22%; controls 6/81, 7%). Both C. trachomatis (cOR 3.6,
95% CI 2.2 to 5.8) and gonorrhoea (cOR 3.3, 95% CI
1.0 to 10.5) infections were associated with gastroschisis
(figure 3).
4

Discussion
Genitourinary infections shortly before and in the first
trimester of pregnancy were associated in this study with
an approximately twofold increase in risk for gastroschisis, confirming and supporting earlier findings.15 A
more detailed analysis, however, showed that this overall
estimate hides a much more varied, and wider risk
profile. For example (table 2), the risk for gastroschisis
in a pregnancy of woman who is <20 years of age, smokes
and has a GUI in early pregnancy is 25 times that of a
woman who does not have these characteristics (ie, is >25
years of age, does not smoke and does not have a GUI).
Feldkamp ML, et al. BMJ Open 2019;9:e026297. doi:10.1136/bmjopen-2018-026297
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Table 1 Maternal characteristics and infection status among gastroschisis cases and controls, National Birth Defects
Prevention Study, 1997–2011
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STI and UTI have similar associations with gastroschisis.
Among women reporting STI, C. trachomatis was the most
frequently reported pathogen (50% (n=25/50) of case
mothers and 36% (n=58/162) of control mothers).
These findings suggest that GUIs are a risk factor for
gastroschisis. However, one important issue is whether
GUIs can also explain the unusual occurrence patterns
of gastroschisis, in particular, the increasing time trend
overall and the remarkably high rate among the offspring
of the youngest mothers. STIs and UTIs are common
among sexually active young women. In the USA, women
15–24 years of age account for 50% of all new STIs
(http://www.
cdc.
gov/
std/
stats). In 2015, rates of STI
were highest among women 19 and 20 years of age.31
Chlamydial infection rates continued to increase between
2007 and 2012, with the highest rate reported among the
youngest women (14–19 years).31 The observation that an
STI prior to conception (B3B1) is a comparatively stronger

risk factor among women <20 years of age (figure 2) is
intriguing for several reasons. First, young women are
at an increased risk for acquiring an STI in part because
of their cervical histology. After the onset of menarche,
the cervical epithelium everts and exposes the immature
columnar epithelial cells (cervical ectropion or ectopy).12
Cervical ectropion is common in adolescents, pregnant
women and women taking oestrogen-containing contraceptives.32 The preferential attachment sites of C. trachomatis and N. gonorrhoeae are the columnar epithelium and
transitional epithelial cells.33 With increasing age, these
columnar cells increasingly convert to squamous epithelial cells that line the cervix, which are less susceptible
to these two pathogens,12 but if this barrier is breached,
the pathogen can access cells in the basal layer.34 Second,
young women may engage in risky behaviours including
multiple or changing sex partners,21 35 alcohol use36
and substance abuse4 37 38that increase the likelihood

Figure 2 Adjusted ORs and 95% CIs stratified by infection type, maternal age and time period of infection (B3B1, P1P3,
B3P3) National Birth Defects Prevention Study, 1997–2011. B3B1, 3 months before conception; B3P3, 3 months before (B3) to
3 months after (P3) conception; P1P3, first 3 months after conception.
Feldkamp ML, et al. BMJ Open 2019;9:e026297. doi:10.1136/bmjopen-2018-026297
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Figure 1 Proportion of case and control women reporting a sexually transmitted infection (STI), urinary tract infection (UTI) or
any genitourinary tract infection (GUI) anytime during the 3 months before (B3) and after (P3) conception, National Birth Defects
Prevention Study, 1997–2011.
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Age (years)

Smoking

GUI B3P3

Case (n)

Control (n)

Crude OR

95% CI

>25
>25

−
−

−
+

166
22

6012
470

1.0
1.7

1.1 to 2.7

>25

+

-

76

893

3.1

2.3 to 4.1

>25

+

+

24

106

8.2

5.1 to 13.1

20–24

−

−

288

1573

6.6

5.4 to 8.1

20–24

−

+

67

231

10.5

7.7 to 14.4

20–24

+

−

162

554

10.6

8.4 to 13.4

20–24

+

+

50

126

14.4

10.0 to 20.6

<20

−

−

253

684

13.4

10.9 to 16.6

<20

−

+

61

116

19.1

13.5 to 26.9

<20
<20

+
+

−
+

122
38

235
54

18.8
25.5

14.4 to 24.6
16.4 to 39.7

B3P3: 3 months before (B3) to 3 months after (P3) conception.
GUI, genitourinary tract infection.

of acquiring an STI or UTI.21 Recent sexual activity,
frequency of sexual activity and number of sexual partners also pose an increased risk of a UTI39 and these
infections in young women may be an indication of their
sexual debut.40 Infections caused by C. trachomatis or N.
gonorrhoea may also mimic symptoms of a UTI (pain or
burning sensation during urination).41 Common pathogens that cause a UTI include Escherichia coli42 and Klebsiella,43 but without a urine culture, the specific pathogen
cannot be identified based on symptoms alone. UTI and
STI have overlapping symptomatology and a diagnosis of
a UTI without culture will sometimes miss an STI, particularly those infections caused by C. trachomatis.44 45 Third,
C. trachomatis is a pathogen that is known to elicit inflammation33 46 as the infectious particle (elementary body)
replicates and spreads by infecting columnar epithelial
cells, locally causing tubal factor infertility47 and systemically in the synovial fluid among those with reactive
arthritis.48–51

How a GUI might cause gastroschisis during pregnancy remains an open question. We postulate that the
mechanism could be related to the specific pathogens or
alternatively to the inflammatory response generated by
the pathogen that may result in cell destruction at the
attachment site of the umbilical cord and umbilical ring.
If inflammation is the true risk factor and an STI or UTI
occurs immediately prior to pregnancy or at the time of
conception this may explain the elevated risk we observed
in the 3-month period prior to conception (B3–B1 in
figure 2). Asymptomatic infections can cause inflammation, unbeknownst to the individual, but how long the
inflammatory process can continue is not known.
How an individual responds to any pathogen is regulated by the genetically controlled innate and adaptive
immune system,52 the magnitude of which may differ
between case and control women.21 This difference in the
genetically regulated response to an antigen may explain
why not all STIs or UTIs during the critical time period

Figure 3 Crude ORs and 95% CIs stratified by sexually transmitted infection (STI) pathogen, National Birth Defects Prevention
Study, 1997–2011.
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Table 2 Crude ORs for gastroschisis by maternal age (<20 or 20–24 compared with >25 years of age), smoking and
genitourinary infection status, alone and in combination, National Birth Defects Prevention Study, 1997–2011

Open access

Limitations and strengths of this study are important to
consider
The most serious limitation is the use of maternal
self-report to assess infection status. Because of the
large proportion of STIs that are asymptomatic and
pathogens that are capable of mimicking a UTI, the
true risk for gastroschisis due to a GUI is not known. In
this study, only a small proportion of women reported
an infection, particularly an STI, and it is quite low
compared with evidence that one in four teens will
contract an STI59 and by the age of 25 years, one in
two sexually active people will contract an STI.60 A
recent study reported a 31% seroprevalence for C.
trachomatis among women participating in a community study for a herpes vaccine trial.61 Though this
and previous studies based on self-reported infections provide initial clues about the association with
gastroschisis, under-reporting of asymptomatic infections are a major concern. These associations require
more robust detection methods that use sensitive
biomarkers (such as pathogen-specific immunoglobulin tests) to determine infection and pathogen status
immediately prior to pregnancy or during the first
trimester. Common bacterial pathogens (such as C.
trachomatis and N. gonorrhoeae) and recently discovered
pathogens (such as genital mycoplasmas (Mycoplasma
genitalium and Mycoplasma hominis) and ureaplasmas
(Ureaplasma urealyticum and Ureaplasma parvum)) are
Feldkamp ML, et al. BMJ Open 2019;9:e026297. doi:10.1136/bmjopen-2018-026297

best evaluated with studies done during pregnancy to
assess exposure using urine, blood and vaginal swabs.
Other limitations include the time from EDD to interview which may affect recall of infection, cigarette
smoking or preconception weight used to calculate
BMI. Recall bias of a GUI is a concern and may have
impacted our study’s findings. Misdiagnosis of the
GUI and asymptomatic infection are also a concern.
An ideal approach would be to combine prenatally
collected serum biomarkers with review of the prenatal
medical records.21 However, the potential for reporting
bias of cigarette smoking in the NBDPS was assessed
using two different methods, which did not find any
evidence of differential recall.62 63 Another study found
maternal smoking was actually more often reported
in the NBDPS interview compared with the medical
record or birth certificate data.64 Preconception weight
is known to be under-reported by 1–2 kg and is most
pronounced in the obese group,65 but would not be
expected to differ by case–control status. This misclassification would likely shift effect estimates towards
the null, thus underestimating the true risk. To minimise misclassification bias, the NBDPS used trained
interviewers, blinded to case–control status and used
a computerised and scripted questionnaire to capture
exposure information. Confounding by indication
(antibiotic use) was not examined as a recent analysis66
assessed the risk of birth defects associated with the use
of different antibiotics and gastroschisis was not associated with these medications. Finally, residual (unmeasured) confounding may have influenced the study’s
findings. Strengths of this study include the population-based case and randomly selected control group,
the clinically reviewed and well-defined gastroschisis
case group, and the systematic collection of maternal
information from case and control women based on 10
centres throughout the USA.
Conclusions
Our findings support an association between gastroschisis and GUIs in early pregnancy and in the 3 months
before conception.14–19 Young women (<20 years of
age), particularly if also smokers, are at greatest risk.
Because of its frequency, C. trachomatis may be the
pathogen associated with most GUI-associated cases of
gastroschisis. Finally, these estimates could represent
a lower boundary of the true risk, as they are based
on maternal self-reports that would miss asymptomatic
infections, particularly common for STIs.27 61 Strategies should be explored to address and reduce these
maternal risk factors, especially in the population of
young women. In order to clarify the role of GUIs
before and during early pregnancy and risk of gastroschisis, the collection of biomarkers (ie, blood, urine
and vaginal swabs) to assess pathogens during early
pregnancy, for example, at the time of the diagnostic
ultrasound at 18–20 weeks gestation, would be useful.
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of embryonic development result in the development
of gastroschisis. For C. trachomatis, the immunogenetic
response to the pathogen determines whether the infection will be cleared with or without a serious proinflammatory response.53–55
Investigating bacterial, viral and other causes of STI
is difficult because they are often asymptomatic and
testing for all possible pathogens is expensive. C. trachomatis and N. gonorrhoeae are challenging bacterial STIs
to investigate because asymptomatic infections are
common in women (C. trachomatis 75%–90%; gonorrhoea 50%) and may lead to systemic infection or inflammation.33 46 Whereas N. gonorrhoeae rates in the USA have
either remained stable or declined through 2014 and since
have increased slightly each year, C. trachomatis rates have
increased during the same time period and it is the most
prevalent bacterial STI.27 Specifically, among women less
than 25 years of age, C. trachomatis is the most commonly
reported communicable disease.56 Unfortunately, the
common viral pathogens that cause STI (human papillomavirus, HSV-2) and bacterial vaginosis are not reportable conditions, making it more challenging to assess
infection rates.31 Recent data measuring seroprevalence
suggest both viral pathogens have declined slightly. Seroprevalence of HSV-2 in 14–49 years of age decreased
from 21.2% (1988–1994) to 15.5% (2007–2010).57 Seroprevalence of HPV also decreased from the prevaccine
era (2003–2006) to the postvaccine era (2009–2012) in
females 14–19 and 20–24 years of age.58
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