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SYNOPSIS

Objective. We assessed the relationship between Chlamydia trachomatis (CT) 
infections identified during pregnancy and adverse perinatal birth outcomes 
(including premature rupture of membranes, preterm delivery, and low birth-
weight) by matching CT reports and birth records. 

Methods. We merged California birth records from 1997, 1998, and 1999 with 
California CT reports from the same years to determine the proportion of birth 
records matched to a female CT report, using maternal last name, first name, 
date of birth, and county of residence. We used logistic regression to assess 
the crude and adjusted association between a CT report less than 10 months 
before the birth record date and premature rupture of membranes, preterm 
delivery, and low birthweight. These results were adjusted for age, race/ethnic-
ity, level of education, and prenatal care.

Results. Of 675,786 birth records and 101,296 female CT reports, 14,039 
women had a CT case report and a birth record; 10,917 birth records (1.6%) 
were matched to a CT report during pregnancy, and 10,940 (10.8%) of CT 
reports were matched to a birth record date 10 months after date of diagnosis/
report. For premature rupture of membranes, the adjusted odds ratio (AOR) 
was 1.2, 95% confidence interval (CI) 1.0, 1.3; for low birthweight, the AOR was 
1.2, 95% CI 1.1, 1.3. The reduction in birthweight associated with prenatal CT 
infection was 31.7 grams.

Conclusions. The increased risk of adverse perinatal outcomes associated with 
prenatal CT infection supports current prenatal CT screening guidelines. Match-
ing of surveillance and vital statistics data sources was an efficient method to 
assess this association.



Chlamydia and Adverse Perinatal Outcomes 25

Public Health Reports / 2009 Supplement 2 / Volume 124

Chlamydia trachomatis (CT) is the most commonly 

reported infectious disease in the United States, 

with 780,715 cases reported among women in 2006, 

accounting for three-fourths of communicable diseases 

in the United States.1 Because most CT infections are 

asymptomatic, the majority of these cases have been 

identified through the implementation of screening 

programs beginning in the late 1980s, using national 

guidelines that target young women.2

The primary goal of screening programs is to iden-

tify and treat asymptomatic CT infections in women 

to prevent adverse reproductive outcomes such as 

pelvic inflammatory disease and infertility.3 Beyond 

this, prenatal CT screening has been implemented to 

reduce adverse neonatal outcomes such as ophthalmia 

neonatorum, inclusion conjunctivitis,4 and pneumonia5

acquired by vertical transmission. However, studies 

attempting to evaluate the role of prenatally acquired 

CT infections in adverse perinatal outcomes, such 

as premature rupture of membranes, preterm deliv-

ery, and low birthweight, have yielded inconsistent 

findings. Most of these studies have been limited to 

retrospective or cross-sectional analyses of hospital-

based populations; were not designed to evaluate the 

role of other coexisting lower-genital-tract bacterial 

infections; lacked sufficient information to adjust for 

potential confounding by factors related to either CT 

infection or the outcome; and were conducted prior 

to the development of highly sensitive nucleic acid 

amplified tests, which are more effective in identify-

ing asymptomatic infections than are tissue culture 

techniques used in older studies. 

Given the increases seen in CT screening coverage6

nationally, the population burden of adverse perina-

tal outcomes due to prenatal CT infection may have 

decreased. However, current studies of prenatal CT 

infection and adverse outcomes that are generalizable 

to the U.S. population are limited to one analysis in 

which CT infections noted on birth records in Wash-

ington State were associated with a higher risk of 

premature rupture of membranes and preterm birth 

identified through infant hospital discharge data.7

We examined the association of CT infection with 

adverse perinatal outcomes in California by linking 

statewide CT case registry data to birth records.

METHODS

Study population

The analysis included calendar years 1997, 1998, and 

1999 CT and birth record data for 48 local health 

jurisdictions (LHJs) out of the 61 total health jurisdic-

tions (58 county and three city health departments) 

in California that reported line-listed CT case reports. 

The 11 small LHJs that did not provide line-listed CT 

case reports for January 1997 through December 1999 

were excluded from merging of CT case reports and 

birth records. Additionally, San Francisco County and 

Los Angeles County were not included, due to the lack 

of last name and first name data on CT case reports 

transmitted to the state. Birth records indicating mul-

tiple births, mothers with preeclampsia or eclampsia, 

or mothers with chronic hypertension were excluded 

from analysis because of the known strong association 

between these conditions and the outcomes assessed 

in this analysis.  

Variables and case definitions

Data elements available in both CT case report and 

birth record files included mother’s first and last name, 

county of residence, race/ethnicity, date of birth, and 

residential zip code. Additional data elements on the 

birth record included level of education, parity, tri-

mester in which prenatal care was initiated, number of 

visits during the pregnancy, previous history of preterm 

birth or low birthweight deliveries, payment sources 

for prenatal and delivery care, tobacco use during 

pregnancy, herpes noted as a complication during 

pregnancy or labor/delivery, fever noted during labor, 

premature rupture of membranes, preterm birth, and 

infant birthweight. 

Adequacy of prenatal care utilization was assessed 

with the use of the Kotelchuck Index, an aggregate 

measure in which timing of prenatal care initiation 

and the percentage of recommended prenatal care 

visits that a woman attended are categorized in an 

ordinal scale as inadequate, intermediate, adequate, 

or adequate plus.8 Infants were considered to have 

low birthweight if they were less than 2,500 grams at 

delivery. Deliveries were considered preterm if they 

occurred before 37 completed weeks of gestation.   

Matching procedures

First, we assessed the number and proportion of birth 

records and CT case reports with missing data for 

potential data elements for matching records. Second, 

we assessed the efficiency of matching CT and birth 

records, and compared them across different algo-

rithms, using mother’s first and last name, county of 

residence, and date of birth; additionally, mother’s first 

and last names were also transformed into Soundex 

numeric codes, which were constructed by assigning 

numbers to different groups of consonants.9,10 Match-

ing yield across each of the algorithms was assessed 

by comparing the proportion of CT records matched 

within 10 months prior to the birth record date. 
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Individual matched records were further examined 

to validate the accuracy of the matching procedure; 

selection of matching algorithm for the final analytic 

sample was based on minimizing false-positive matches 

that would result in a conservative estimate of the 

association between prenatal CT infection and adverse 

perinatal outcomes.

Analysis

We calculated the proportion of overall birth records 

that had adverse perinatal outcomes matched to a CT 

case report during at least one trimester of the woman’s 

pregnancy. Mothers who had a CT case report matched 

to a birth record were compared with mothers who 

did not have matched records, on the basis of demo-

graphic and prenatal care characteristics. We assessed 

comparisons of proportions using the Chi-square test. 

We estimated adjusted odds ratios (AORs) and 95% 

confidence intervals (CIs) to assess the association 

of prenatal CT infection with premature rupture of 

membranes, preterm birth, and low birthweight, using 

separate multivariate logistic regression analyses. We 

conducted our analyses using SAS® version 6.2.11 Cova-

riates included in the logistic regression models were 

age, race/ethnicity, level of education, and utilization 

of prenatal care, which were found to be significantly 

associated with a CT case report in univariate analysis. 

We used linear regression to assess the relationship of 

birthweight (in grams) to a matched CT case report.

RESULTS

A total of 675,786 birth records and 101,296 CT case 

reports were available for 1997 through 1999 among 

the residents of the 48 LHJs included in the analysis. 

The proportion of records with missing data varied 

by data element. For example, the percent missing 

for mother’s last name, first name, and county of resi-

dence was 1.0% for both files; the percent missing 

for mother’s date of birth was 3.2% in CT case reports, 

compared with 0.1% in the birth records. 

The comparison of algorithms to match CT case 

reports to birth records demonstrated a wide range of 

proportion matched (Table 1). The highest number of 

matched birth records and CT case reports (i.e., most 

liberal criterion with higher sensitivity, lower specificity) 

was found based on the Soundex code of mother’s last 

name and date of birth (35,331 matches), representing 

34.9% of CT case reports and 5.2% of birth records. 

The lowest number of matches (i.e., most conservative 

criterion with lower sensitivity, higher specificity) was 

found based on mother’s first and last name, date of 

birth, and county of residence (14,039 matches), rep-

resenting 13.9% of CT case reports and 2.1% of birth 

records. With the use of the most conservative match 

criterion, 10,917 records were found to match a CT case 

report during pregnancy. The total number of matched 

birth and CT case reports within the prenatal period 

represented 1.6% of births and 10.8% of CT cases.

Using the most conservative algorithm, among the 

10,917 CT case reports matched to birth records, the 

distribution of CT case reports according to trimester 

of pregnancy was relatively even: 30% occurred during 

the first trimester, 28% occurred during the second 

trimester, 36% occurred during the third trimester, 

and 6% occurred in multiple trimesters.

Mothers who had a perinatal CT case report 

matched to a birth record were more likely to be 

younger than age 20, to be African American, and 

to have a high school or lower level of education 

(Table 2). The proportion of women with CT case 

reports matched to birth records indicating premature 

Table 1. Comparison of algorithms to match chlamydia case reports (n 101,296)
to birth records (n 675,786), 1997–1999, Californiaa

Matching results

Matching criteria N
CT cases matched 

(percent)
Birth records matched 

(percent)

Mother’s first and last name, date of birth, and county 
of residenceb 14,039 13.9 2.1

Mother’s first and last name and date of birth 15,270 15.1 2.3
Soundex mother’s first name, and Soundex mother’s 

  last name and date of birth 18,539 18.3 2.7
Mother’s last name and date of birth 28,369 28.0 4.2
Soundex mother’s last name and date of birth 35,331 34.9 5.2

aPrepared by the California Department of Public Health 
bMost conservative matching algorithm chosen for further analyses

CT Chlamydia trachomatis
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rupture of membranes, preterm delivery, and low 

birthweight was significantly greater than for women 

with unmatched records, whereas the proportion of 

women with CT case reports matched to birth records 

indicating previous premature birth, herpes present 

during labor, fever during labor, amnionitis/sepsis, 

and maternal death was not significantly greater than 

for women with unmatched records (Table 3). For 

these three conditions, the highest proportion (40% 

to 42%) of matched CT case reports was associated 

with the third trimester. After adjustment for maternal 

age, race/ethnicity, level of education, and Kotelchuck 

Index score, the AOR was 1.2 (95% CI 1.0, 1.3) for the 

association between premature rupture of membranes 

and prenatal CT infection; for the association between 

low birthweight and prenatal CT infection, the AOR 

was 1.2 (95% CI 1.1, 1.3). Preterm birth was not asso-

ciated with prenatal CT infection. The reduction in 

birthweight associated with prenatal CT infection as 

assessed by linear regression analysis was 31.7 grams 

(95% CI 31.6, 31.7). 

DISCUSSION

This analysis of population-based birth records matched 

to CT case reports during a three-year period in Califor-

nia demonstrated that prenatal CT infection is weakly 

associated with a higher risk of premature rupture of 

membranes and low birthweight, after adjustment for 

demographic and prenatal care factors. However, these 

findings related to higher risk of premature rupture of 

membranes and low birthweight were consistent with 

findings of other, smaller, older cross-sectional and his-

torical prospective studies conducted in hospital-based 

obstetric populations that were less generalizable and 

that identified CT infection using less sensitive tissue 

culture techniques.12–16

Only one other large population-based analysis, 

Table 2. Comparison of demographic characteristics among mothers matcheda vs. not matched 
to chlamydia case report within one year prior to birth record date, 1997–1999, Californiab

Chlamydia case report 
matched to birth record 

(n 10,917)

Chlamydia case report not 
matched to birth record 

(n 664,869)

Characteristic N Column percent N Column percent

Mother’s age groupc

19 4,992 45.7 71,166 10.7
20–29 5,406 49.5 330,690 49.0
30–39 503 4.6 244,069 36.7

40 16 0.2 18,944 2.9
Missing 0 0.0 0 0.0

Mother’s race/ethnicityc

White 2,007 18.4 267,980 40.3
African American 2,351 21.5 37,169 5.6
Hispanic 5,748 52.7 275,069 41.4
Other 743 6.8 79,621 12.0
Missing 68 0.6 5,030 0.8

Mother’s educationc

12 years 9,301 85.2 371,734 55.9
12 years 1,355 12.4 281,455 42.3

Missing 261 2.4 11,680 1.8

Kotelchuck Indexc

Inadequate 2,561 23.5 86,680 13.0
Intermediate 2,069 19.0 142,215 21.4
Adequate 3,589 32.9 273,245 41.1
Adequate plus 2,438 22.3 151,488 22.8
Unable to determine 260 2.4 11,241 1.7

Total 10,917 100.0 664,869 100.0

aMatching of records based on last name, first name, date of birth, and county of residence
bPrepared by the California Department of Public Health 
cP-value 0.0001
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by Blas et al., of the association between prenatal CT 

infection and adverse perinatal outcomes has been 

conducted; this analysis demonstrated that perinatal 

CT infection noted on the birth record itself was signifi-

cantly associated with adverse outcomes, including pre-

term delivery and premature rupture of membranes, 

but not low birthweight.7 Inconsistencies in findings 

from historical cohort and prospective studies regard-

ing the association of CT infection across these adverse 

perinatal outcomes may be related to differences in the 

obstetric populations studied and potentially different 

etiologies for these conditions.13,14,17

Much of the challenge in interpreting the incon-

sistent results from previous studies may be related 

to the plausibility of mechanisms and causal pathways 

through which CT infection may be influencing the 

risk of adverse perinatal outcomes. In the case of 

mechanisms for causing increased risk of premature 

rupture of membranes, Alger et al. have demonstrated 

that lower-genital-tract CT infection may cause cho-

rioamnionitis and, consequently, premature rupture 

of membranes. The impact of more recent CT infec-

tion as determined by CT immunoglobulin M (IgM) 

seropositivity on premature rupture of membranes 

was supported by the finding of a higher proportion 

of women who were CT IgM-positive among those 

with this premature rupture outcome compared with 

those without premature rupture.18 Our analysis found 

that while the occurrence of matched CT reports was 

relatively evenly distributed by pregnancy trimester, in 

the case of premature rupture of membranes, preterm 

delivery outcomes, and low birthweight outcomes, the 

highest frequency of matched CT reports was in the 

third trimester, suggesting a more direct role for CT 

infection in the pathogenesis of adverse outcomes 

associated with labor and delivery. 

Our analysis found that the profile of mothers with 

CT case reports matched to birth records was consis-

tent with that of populations with the higher risk of 

CT rates in these groups—e.g., adolescents, African 

American women, and women with poor and/or late 

utilization of prenatal care. Concurrently, we found 

consistent racial/ethnic disparities in low birthweight, 

with significantly higher rates among African American 

mothers (12.8%) than other racial/ethnic groups in 

2005, which are likely related to the profile of the 

matched cases.19 As with other conditions, such as 

asthma and diabetes, for which access to preventive and 

clinical services is crucial to management and control, 

integration of services related to sexually transmitted 

disease prevention and control with maternal and child 

health services to improve access to CT screening and 

treatment early in the prenatal period could potentially 

minimize racial/ethnic disparities and have broader 

impact on reproductive health.

Limitations

Our analysis had a number of limitations to its reli-

ability and validity. First, this analysis was limited to 

the data elements available from CT case reports and 

birth records submitted from clinicians, laboratories, 

and hospital personnel, which may differ widely in the 

quality of their reporting. To the extent that CT case 

reporting is not complete in California, the ability to 

match birth records may have resulted in an under-

estimate of CT during pregnancy and minimized the 

strength of associations seen. However, because labo-

ratories in California also complete CT reporting, this 

may have exerted less of an influence on the estimate 

of effect. Lack of completeness for key demographic 

factors such as race/ethnicity as a result of the majority 

of the case reports coming from laboratory providers 

does suggest other limitations for assessing the extent 

of racial disparities for CT infection and adverse birth 

outcomes.

A second issue was the sensitivity and specificity 

of the matching algorithm used to link birth records 

to CT case reports. While achieving a high matching 

proportion is desirable, low sensitivity and/or specificity 

of matching may have caused an underestimate of the 

association between prenatal CT infection and adverse 

perinatal outcomes, due to misclassification of cases. 

To the extent that changes in the name for a given 

individual in the two data sources occur, the sensitiv-

ity of the matching algorithm will decrease, and the 

resulting misclassification will bias associations toward 

the null. However, validation studies, conducted with 

vital statistics and hospital discharge data, of the most 

conservative matching algorithm used in this study 

have indicated that there is a high degree of accuracy 

compared with other algorithms with higher matching 

rates and lower specificity.10,20

A concerning issue noted in our analysis may be 

the extent to which CT-infected women may not 

be accessing prenatal care and, therefore, are not 

being screened for CT, resulting in misclassification 

of exposure. However, it is encouraging that, despite 

these limitations, we were able to observe an effect of 

prenatal CT on increased risk of premature rupture 

of membranes and low birthweight. Little information 

about prenatal screening coverage for CT in California 

or elsewhere is available, but efforts to assess adher-

ence to prenatal CT screening guidelines would be 

informative for evaluating this potential source of bias 

on our estimate of risk. 

As noted previously, the data available for this 
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analysis were limited to the elements routinely collected 

on CT case reports and birth records. While demo-

graphic and prenatal data were available to control 

for confounding associated with both CT and adverse 

perinatal outcomes, there were no data related to other 

perinatal risk behaviors, such as smoking, drug and 

alcohol use, sexual risk behaviors, or patient compli-

ance with CT treatment regimens. Further, there were 

no data on concurrent lower-genital-tract infections, 

such as Group B streptococcus, Mycoplasma hominis/
gentalium, and bacterial vaginosis, all of which have 

also been associated with adverse perinatal outcomes. 

However burdensome it may be to add additional clini-

cal and behavioral information to birth records, this 

information would be needed to adequately assess the 

relationship between perinatal exposures and adverse 

outcomes. Finally, because only 48 LHJs were included 

in this analysis, it is possible that the results may not 

be generalizable outside of those jurisdictions.  

CONCLUSIONS

This analysis points to the utility of using existing 

population-based datasets to examine the association 

between prenatal CT infection and adverse birth out-

comes. To the degree that the existing surveillance 

systems have been able to confirm findings from older 

and smaller studies of the impact of prenatal CT infec-

tions, the results from this type of analysis should be 

used to encourage timely identification and treatment 

of those at risk for prenatal CT infection and to mini-

mize risk of adverse perinatal outcomes.
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