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Abstract

Problem—Gestational genitourinary infections are associated with life-long disabilities, but it is 

unknown if neonatal inflammation is involved.

Method—Mothers of 914 infants born before 28th gestation week reported cervical/vaginal 

infection (CVI), and/or urine/bladder/kidney infection (UTI), or neither. Inflammation proteins 

measured in baby’s blood on postnatal days 1, 7 and 14 were considered elevated if in the top 

quartile for gestational age. Logistic regression models adjusting for potential confounders 

assessed odds ratios.

Results—Compared to neither UTI/CVI, mothers with CVI were more likely to have infants 

with elevated CRP, SAA, MPO, IL-1β, IL-6, IL-6R, TNF-α, RANTES, ICAM-3, E-selectin and 

VEGF-R2 on day 1; those with UTI were more likely to have infants with elevated MPO, IL-6R, 

TNF-R1, TNF-R2, and RANTES on day 7. Placental anaerobes and genital micoplasma were 

more common in pregnancies with CVI.

Conclusion—Gestational UTI/CVI should be targeted for preventing systemic inflammation in 

the very preterm newborn.
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INTRODUCTION

Newborns whose mother had a genito-urinary infection during pregnancy appear to be at 

increased risk of a wide variety of life-long disabilities, including cerebral palsy [1], asthma 

[2], and low IQ [3]. Such adversities following gestational infections have been attributed to 
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maternal immune activation [4–6], which promotes fetal epigenetic changes in genes 

involved in organ development [7] or influences fetal immune capabilities [8].

Infants born before 28 weeks of gestation are at especially high risk of inflammatory 

complications partially due to delayed ability to synthesize proteins with anti-inflammatory 

properties [9–11] and immaturity of the cytokine network related to gestational age [12–14]. 

Very preterm newborns who have had elevated concentrations of inflammation-related 

proteins measured in blood spots obtained during the first two postnatal weeks appear to be 

at increased risk of bronchopulmonary dysplasia [15] and enlarged lateral ventricles of the 

brain [16] when the infant is in the intensive care nursery, and at age two years – at 

increased risk of developmental delay [17], attention problems [18], and cerebral palsy [16, 

19].

Early systemic inflammation in the very preterm newborn has been associated with maternal 

pre-pregnancy obesity [20], placenta inflammation and its correlates[21–23], necrotizing 

enterocolitis and isolated intestinal perforation [24] postnatal bacteremia [25], and prolonged 

ventilation [26]. In search of an intervention that might reduce the risk of developmental 

limitations in future generations of very preterm newborns, we wanted to evaluate to what 

extent maternal urinary tract infection and cervical/vaginal infection were also associated 

with early postnatal systemic inflammation in the very preterm offspring.

METHODS

The ELGAN Study

The ELGAN study was designed to identify characteristics and exposures that increase the 

risk of structural and functional neurologic disorders in ELGANs [27]. During the years 

2002–2004, women delivering before 28 weeks gestation at one of 14 participating USA 

institutions were asked to enroll in the study. The enrollment and informed consent 

processes were approved by the individual institutional review boards (IRB). The protein 

analysis performed at the Fichorova laboratory was approved by the Brigham and Women’s 

Hospital IRB. A full description of the methods [27] and details of placental histology [21] 

and microbiology assessments in the ELGAN study [23, 28] have been published elsewhere. 

The sample for this report consists of all 914 newborns who had proteins measured on one 

or more days and whose mother provided information about urinary tract infection (UTI) 

and cervico-vaginal infections (CVI) during her pregnancy.

Maternal Variables

After delivery, a trained research nurse interviewed each mother in her native language 

using a structured data collection form and following procedures defined in a manual. 

Among the questions asked was “During this pregnancy, did you have any of these 

conditions or disorders?” Included among the options were “vaginal or cervical infection 

(specify)” and “urine, bladder or kidney infection.” The entities specified by the mothers 

reporting cervical/vaginal infection in this study were as follows: bacterial, bacterial 

vaginosis, mixed, yeast, chlamydia, trichomonas, herpes or unknown specific entity.
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Newborn Variables

Estimation of gestational age at birth was based on a hierarchy ordered by the quality of 

available information. Most desirable were estimates based on the dates of embryo retrieval 

or intrauterine insemination or fetal ultrasound before the 14th week (62%). When these 

were not available, reliance was placed sequentially on a fetal ultrasound at 14 or more 

weeks (29%), last menstrual period (7%), and gestational age recorded in the log of the 

neonatal intensive care unit (1%).

Blood Spot Collection

Drops of blood were collected on filter paper (Schleicher & Schuell 903, Whatman 

International Ltd, Florham Park, NJ) on postnatal day 1 (range: 1–3 days), postnatal day 7 

(range: 5–8 days), and postnatal day 14 (range: 12–15 days), All blood was from the 

remainder after specimens were obtained for clinical indications. Dried blood spots were 

stored at −70°C in sealed bags with desiccant until processed.

Protein Measurement

Details about elution of blood spots are provided elsewhere [21, 23]. Proteins were 

measured in the Laboratory of Genital Tract Biology of the Department of Obstetrics, 

Gynecology and Reproductive Biology at Brigham and Women’s Hospital, Boston, with an 

electrochemiluminescence multiplex detection system (Sector Imager 2400 and Discovery 

Workbench Software, both from Meso Scale Discovery (MSD), Gaithersburg, MD, USA) 

that has been validated by comparisons with traditional ELISA [29]. The blood spot elution 

technique combined with the MSD technology for protein quantitation has shown high 

clinical content validity and less than 20% inter-assay variation based on quality control 

specimens repeatedly measured on each assay plate [21–23, 30]. Concentrations (pg/ml or 

U/ml) of each protein, measured in duplicate, were normalized to mg of total protein, 

determined by the BCA assay (Thermo Scientific, Rockford, IL, USA) using a multi-label 

Victor 2 counter (Perkin Elmer, Boston, MA, USA). The mean of normalized values served 

as the basis for all tables and analyses.

The following 25 proteins were chosen to represent the major types of inflammation 

mediators in our multiplex assays: 1) proinflammatory cytokines and cytokine receptors 

with known association with systemic immune responses to infection: IL-1β 

(Interleukin-1beta), IL-6 (Interleukin-6), IL-6R (interleukin-6 receptor), TNF-α (tumor 

necrosis factor-alpha), TNF-R1 (tumor necrosis factor-alpha-receptor1), TNF-R2 (tumor 

necrosis factor-alpha-receptor2); 2) chemokines for neutrophils, monocytes and T cells: IL-8 

(interleukin-8, CXCL8), MCP-1 (monocyte chemotactic protein-1, CCL2), MCP-4 

(monocyte chemoattractant protein-4, CCL13), MIP-1β (Macrophage Inflammatory 

Protein-1beta, CCL4), RANTES (regulated upon activation, normal T-cell expressed, and 

[presumably] secreted, CCL5), I-TAC (Interferon-inducible T cell alpha-chemoattractant, 

CXCL11); 3) adhesion molecules involved in leukocyte traffic across the vasculature: 

ICAM-1 (intercellular adhesion molecule-1, CD54), ICAM-3 (intercellular adhesion 

molecule-3, CD50), VCAM-1 (vascular cell adhesion molecule-1, CD106), E-SEL (E-

selectin, CD62E); 4) metalloproteases aiding leukocyte traffic and tissue remodeling: 

MMP-1 (matrix metalloproteinase-1), MMP-9 (matrix metalloproteinase-9); 5) liver-derived 
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acute phase reactants: CRP (C-Reactive Protein), SAA (serum amyloid A); 6) indicators of 

neutrophil activation: MPO (myeloperoxidase); 7) growth factors involved in inflammation 

and tissue damage: VEGF (vascular endothelial growth factor), VEGF-R1 (vascular 

endothelial growth factor-receptor 1, FLT-1), VEGF-R2 (vascular endothelial growth factor-

receptor 2, KDR, CD309), and IGFBP-1 (insulin growth factor binding protein-1, PP12). 

Systemic inflammation was defined as having a concentration of a specific inflammation-

related protein in the highest quartile for gestational age on the day the blood spot was 

collected.

Data Analysis

First, we sought potential confounders of the relationship between maternal UTI and/or CVI 

and systemic inflammation in the offspring. We did this by examining the relationships 

between UTI and/or CVI and demographic, pregnancy, delivery and placenta characteristics 

(Table 1) and characteristics of the newborn (Table 2). Information from this assessment 

prompted us to adjust all analyses for mother’s identification as Black and her eligibility for 

government-provided (public) insurance, as well as for gestational age category. Then we 

created two sets of logistic regression models. Each set contained one model for each protein 

on each of the three days.

The first set of models classified each newborn by his/her mother’s acknowledgement of any 

UTI, and separately by acknowledgement of any CVI (Figure 1 and Supplemental Table 1). 

The referent group consisted of all infants whose mother denied both UTI and CVI. In the 

second set of models, we compared three levels of exposure, UTI and CVI, UTI alone, and 

CVI alone, to neither UTI nor CVI, using multinomial logistic regression models (Table 3). 

In both sets of models, odds ratios (OR) and their 95% confidence intervals were calculated 

for each protein elevation at each of the three time points. ORs with 95% confidence 

intervals that did not include 1.0 indicated statistically significant associations, at the 0.05 

level.

RESULTS

Demographic, Pregnancy, Maternal and Placental Characteristics (Table 1A and 1B)

Of the 914 babies, 31 had a mother with both UTI and CVI, 94 had a mother with UTI only, 

106 had a mother who had a CVI only, and the mother of 683 denied both forms of 

infection. Compared to women who did not have either type of infection, those who had 

either or both were more likely to identify as Black, to have lower educational attainment, 

and to be single and eligible for government-provided (public) health care insurance. 

Women who had both UTI and CVI were more likely than others to present with preterm 

labor and to have used non-steroidal anti-inflammatory drugs; they were less likely than 

others to have a pre-pregnancy body mass index < 25, pPROM and placental abruption. 

Among those who reported any CVI, yeast and bacterial vaginosis were the most prevalent 

entities specified by the mothers, and bacterial vaginosis was more commonly associated 

with ‘CVI only’ as compared to ‘both CVI and UTI’. Antibiotic consumption was higher in 

women who reported either or both CVI and UTI; among those, it was highest in women 

who reported both types of infection and lowest in women who reported CVI only.
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Women either or both UTI and CVI were less likely to have Lactobacilli isolated from the 

placenta. In comparison to all others, women who had both UTI and CVI were more likely 

to have inflammation of the umbilical cord, the chorion and/or decidua and the fetal stem 

vessels of the chorionic plate. Women with any UTI were less likely to have vaginal bacteria 

isolated from the placenta. Women who had only CVI were more likely to have genital 

mycoplasma isolated from the placenta. Women who had CVI, with or without UTI, were 

more likely than others to have umbilical cord vasculitis, inflammation of the chorion and/or 

decidua and neutrophilic infiltration of the fetal stem vessels of the chorionic plate. In 

addition, compared to women with UTI only, women with any CVI were more likely to 

have anaerobes isolated from the placenta.

Newborn Characteristics (Table 2)

Children born to women who had CVI only were more likely than others to be born before 

the 25th week of gestation. Children born to women with UTI, with or without CVI, were 

somewhat more likely than others to have late bacteremia.

Odds Ratios of Top Quartile Concentrations: Any UTI and Any CVI Compared to Neither 
Infection (Figure 1 and Supplemental Table 1)

On postnatal day 1, infants born to mothers with UTI (alone or combined with CVI) were 

more likely than others to have an elevated concentration of RANTES. By day 7 they were 

more likely to have significantly elevated concentrations of RANTES and four other 

proteins (MPO, IL-6R, TNF-R1, and TNF-R2). By day 14, newborns whose mother had a 

UTI during this pregnancy were significantly less likely than others to have an elevated 

concentration of VEGF-R1.

On postnatal day 1, infants whose mother reported CVI (alone or combined with UTI) were 

more likely than others to have significantly elevated concentrations of 10 proteins (SAA, 

MPO, IL-1β, IL-6, IL-6R, TNF-α, RANTES, ICAM-3, E-SEL, and VEGF-R2). By day 7, 

these children were more likely to have elevated concentrations of only MIP-1β and E-SEL. 

There were no associations between protein levels and CVI on day 14.

Odds Ratios of Top Quartile Concentrations: Both UTI and CVI, UTI Only, and CVI Only 
Compared to Neither Infection (Table 3)

Newborns whose mother had both UTI and CVI were more likely than women with neither 

to have elevated day 1 concentrations of MCP-4 and I-TAC, and elevated day 7 

concentrations of MPO, MCP-4, and MIP-1β. No associations were significant on postnatal 

day 14.

Newborns whose mother had a UTI but no CVI were more likely than women who reported 

no genitourinary infection to have elevated day 1 concentrations of TNF-R1 and RANTES, 

and elevated day 7 concentrations of IL-6R, TNF-R1, TNF-R2, and RANTES. No 

significant OR was observed on day 14.

Compared to newborns whose mother had neither UTI nor CVI, those whose mother had a 

CVI but no UTI were more likely to have elevated day 1 concentrations of 9 proteins (CRP, 
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SAA, IL-1β, IL-6, IL-6R, TNF-α, RANTES, E-SEL, and VEGF-R2). On day 7 they had 

significantly elevated concentrations of MIP-1β and E-SEL and a significantly reduced 

concentration of MCP-1. Similar to children of mothers with both UTI and CVI, or UTI 

only, children of mothers who had CVI only were not at increased risk of an elevated 

concentration of any inflammation-related protein on day 14.

DISCUSSION

Our main findings are that infants born to women who acknowledged a gestational UTI 

and/or CVI were more likely than others to have systemic inflammation during the first 

week after very preterm birth, and this inflammation is no longer evident by the end of the 

second postnatal week. CVI was associated with a diffuse inflammatory response on 

postnatal day 1, which gradually subsided by day 14. In contrast, the neonatal systemic 

inflammation that followed maternal UTI was barely evident at birth, and manifested with a 

more limited inflammatory protein repertoire on day 7. Like the infants of mothers who had 

a CVI, these infants of mothers who had a UTI had no evidence of systemic inflammation 

on day 14.

The obvious inference is that the gestational genitourinary infection contributed to the 

increased risk of early postnatal systemic inflammation in the very preterm newborn. Such 

an inference, however, might not be appropriate. Social inequality and low economic status 

place women at increased risk of genital infections [31–33]. Indeed, in our study, self-

reported genitourinary infections were associated with low educational achievement, 

eligibility for government-provided medical care insurance, underweight, and self-

identification as Black. Some unmeasured or unidentified correlate of low socioeconomic 

status could have also accounted for what we found. Given the possibility that the 

genitourinary tract infection is not in the causal pathway and is merely a marker for other 

correlates of low socioeconomic status, we adjusted for eligibility for government-provided 

medical care insurance and Black race. This adjustment, however, did not appreciably 

reduce the associations between genitourinary infections and fetal systemic inflammation, 

suggesting that these associations are likely to transcend correlates of socioeconomic status.

The predominant role of CVI in the pathogenesis of newborns’ inflammation shortly after 

birth, evident from the greater number of proteins elevated in the CVI-only group, might be 

attributable to vaginal bacteria capable of ascending to the uterus and perhaps colonizing the 

placenta. We did not find that the placentas of women who reported CVI were more likely 

than the placentas of women without CVI to harbor an organism. In our sample, however, 

every other women had bacteria detectable in the placenta parenchyma, and as we have 

previously shown, the magnitude of inflammatory responses associated with placental 

bacterial colonization depends on the type organism, with bacterial vaginosis bacteria 

placing the newborn at increased risk of systemic inflammation as compared to no bacteria 

or to Lactobacilli, which actually decreased the risk of systemic inflammation and promoted 

a non-inflammatory state [23]. Lactobacilli were less commonly found in the placentas of 

women with any CVI or UTI as compared to women who reported neither CVI nor UTI. 

This is in keeping with our previous findings that infants whose placenta harbored 

Lactobacilli were at reduced risk of systemic inflammation [23].
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We cannot exclude the possibility that the infant systemic inflammation is a response to the 

mother’s systemic inflammation, which might in turn be a systemic response to the localized 

inflammation in the vaginal and cervical mucosa, or to the ascendance of bacteria from the 

vagina to the uterus. While our study had no information on the levels of inflammatory 

proteins in the maternal systemic circulation, association of CVI with elevated inflammation 

proteins in the maternal blood has been reported in human [34] and mouse studies [35].

For UTI to promote intrauterine and fetal inflammation probably requires systemic 

dissemination (urinary source bacteremia), which is certainly possible for E. coli [36] and is 

supported by the somewhat higher prevalence of late sepsis in infants born to mothers with 

UTI in our ELGAN sample. While human data are still to be gathered, cystitis in mice 

caused by uropathogenic E. coli leads to robust cellular inflammatory infiltration in 

uteroplacental tissue and to significantly increased levels of inflammation-related proteins 

(including IL-6 and TNF-α) in the maternal serum shortly after infection and during delivery 

[37].

Pregnant women with bacterial vaginosis (a condition where the vaginal microbiome is 

dominated by potentially pathogenic vaginal bacteria) are more likely than others to also 

have a UTI [38]. No information on the vaginal microbiota and BV diagnostics was 

routinely collected for our study subjects. Since bacterial vaginosis is often asymptomatic, 

yet associated with local and systemic proinflammatory cytokine upregulation [34, 39], and 

shows some tendency to co-occur with UTI [40] we cannot exclude the possibility that 

pathogenic vaginal bacteria might ascend to the uterus and have partially contributed to 

some inflammatory responses in the UTI only group.

In our ELGAN sample, women who reported any infection, including UTI or CVI, were 

much more likely to receive an antibiotic than women who did not report an infection. 

Among women with an infection, those who received an antibiotic might have had more 

severe symptoms than those who did not. Antibiotic treatment has the capacity to alter the 

vaginal microbiota composition [41], to exacerbate maternal inflammatory responses in 

some sexually transmitted infections [42, 43], and to alter the newborns colonization by 

maternal bacteria [44]. Consequently, mother’s receipt of antibiotics during this pregnancy 

might have contributed to what we found. Confounding by indication, which some feel can 

never be entirely eliminated [45], prevents us from assessing contributions of antibiotic 

receipt to what we found.

We found that women with CVI and UTI were more likely to deliver before the 25th week of 

gestation and those who reported both forms of infection were more likely to experience 

preterm labor. Although both UTI and CVI have been implicated in contributing to preterm 

birth, this is still controversial because of the way the data were collected for this association 

[46, 47].

Our study has several strengths. First, our large sample size makes it unlikely that we have 

missed important associations due to lack of statistical power, or claimed associations that 

might reflect the instability of small numbers. Second, we selected infants based on 

gestational age, not birth weight, in order to minimize confounding due to factors related to 
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fetal growth restriction [48]. Third, we collected all of our data prospectively. Fourth, our 

protein data are of high analytic quality [29] and have clinical content validity [16, 17, 21–

23, 25, 30].

The weaknesses of our study are those of all observational studies. We are unable to 

distinguish between causation and association as explanations for what we found. In 

addition, although our sample is large, the number of women who had both CVI and UTI 

was small (N=31), limiting the power to perceive statistical significance and thereby limiting 

the inferences we can make about this group of women and their offspring. Our study is 

limited to genitourinary infections reported by the mothers. The evidence presented here that 

these maternal infections predispose the newborn to systemic inflammation warrants further 

studies applying sensitive molecular techniques to clarify the role of specific genitourinary 

and sexually transmitted pathogens in the process. We also did not collect information on 

onset and duration of infection. Consequently, we might have misclassified a newborn as 

recently exposed when the exposure was remote in time. We do not know how much of 

what we found is limited to infants born before 28th gestation week. Future studies will need 

to address this.

Here we offer the first documentation that very preterm infants born to women who have a 

genitourinary infection during their pregnancy are at increased risk of systemic 

inflammation, particularly during the first postnatal week. Because systemic inflammation 

appears to place very preterm newborns at increased risk of life-long disabilities such as 

cerebral palsy and mental retardation, our findings have the potential to target an 

intervention that might reduce the risk of developmental limitations in future generations of 

very preterm newborns.

In conclusion, maternal UTI and/or CVI during the pregnancy appear to place extremely low 

gestational age newborns at increased risk of systemic inflammation during the first 

postnatal week and should be a subject to a more rigorous management and prevention 

strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Elevations of inflammation-associated proteins in the peripheral blood of newborns whose 

mothers acknowledged any UTI (uterine tract infection) or CVI (cervicovaginal infection) 

assessed as odds ratios (OR) and 95% confidence intervals of having top quatile protein 

concentrations for gestation age and day of blood collection. The reference group of each 

infection consisted of newborns whose mother denied both UTI and CVI (day 1, n=621, day 

7, n=631). All ORs are adjusted for gestational age category, Black race, and public 

insurance. Odds ratios with 95% confidence intervals that do not include 1.0 are bolded.
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