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Abstract 

Purpose: It is unclear whether common maternal infections during pregnancy 

are risk factors for adverse birth outcomes. We assessed the association 

between self-reported infections during pregnancy with preterm birth and 

small-for-gestational-age (SGA) in an international cohort consortium. 

Methods: Data on 120,507 pregnant women were obtained from six 

population-based birth cohorts in Australia, Denmark, Israel, Norway, the UK 

and the USA. Self-reported common infections during pregnancy included 

influenza-like illness, common cold, any respiratory tract infection, vaginal 

thrush, vaginal infections, cystitis, urinary tract infection, and the symptoms 

fever and diarrhoea. Birth outcomes included preterm birth, low birth weight 

and SGA. Associations between maternal infections and birth outcomes were 

first assessed using Poisson regression in each cohort and then pooled using 

random-effect meta-analysis. Risk ratios (RR) and 95% confidence intervals 

(CI) were calculated, adjusted for potential confounders.  

Results: Vaginal infections (pooled RR, 1.10; 95% CI, 1.02-1.20) and urinary 

tract infections (pooled RR, 1.17; 95% CI, 1.09-1.26) during pregnancy were 

associated with higher risk of preterm birth. Similar associations with low birth 

weight were also observed for these two infections. Fever during pregnancy 

was associated with higher risk of SGA (pooled RR, 1.07; 95% CI, 1.02-1.12). 

No other significant associations were observed between maternal 

infections/symptoms and birth outcomes.  

Conclusion: Whilst vVaginal infections, and urinary infections and fever 

during pregnancy were associated with a small increased risk of preterm birth 

and, low birth weight, whereas fever was associated with or SGA, other 

common infections do not appear to increase these risks. These findings 

require confirmation in future studies with laboratory-confirmed infection 

diagnosis. 

Keywords: Maternal infection; cohort study; preterm birth; fetal growth 
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Background 

Infections are common among pregnant women. Nearly half of pregnant 

women experience some type of infection during their pregnancy [1]. Due to 

physiological changes such as altered immune tolerance for the fetus, urinary 

stasis, and respiratory volume reduction, pregnant women have a higher risk 

of severe infection-related consequences compared to the general population 

[2]. Severe maternal infections (e.g. pregnancy-related sepsis) are responsible 

for one in ten of maternal deaths worldwide [3]. Infections are responsible for 

up to a quarter of stillbirths in high-income settings and up to half of those in 

low-/middle-income countries [4, 5].  

 

Fortunately, most infections during pregnancy are self-limited or improve with 

appropriate antimicrobial therapy. Whilst the mother may make a full recovery, 

exposure of the developing fetus to systematic or localised inflammatory 

responses and oxidative stress is hypothesised to affect growth and/or 

gestational duration [6]. However, evidence supporting this hypothesis is 

conflicting. Whilst an association between urinary tract infections and bacterial 

vaginosis during pregnancy with preterm birth (PTB) has been demonstrated 

[7], this has not been shown consistently in low-risk populations [8]. Few 

studies have evaluated the effects of non-urogenital infections, such as 

influenza or upper respiratory tract infections on adverse birth outcomes [9, 

10].  

 

Both infections and adverse birth outcomes are related to sociodemographic 

factors. Insufficient control of these factors in the analysis could lead to biased 

associations between maternal infections and birth outcomes. This may partly 

explain the discrepancies in results of previous studies with different 

sociodemographic patterns. Combining evidence from different settings, with 

appropriate assessment and adjustment of sociodemographic factors and 

other sources of potential heterogeneity, may help to more accurately quantify 

associations between maternal infections and birth outcomes.  

 

In the present study, we aimed to investigate the associations between self-
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reported common maternal infections (i.e., influenza-like illness, common 

cold, any respiratory tract infection, vaginal thrush, vaginal infections, cystitis, 

urinary tract infection, fever and diarrhoea) and preterm birth, low birth weight 

and small for gestational age at birth (SGA) in six international birth cohorts 

with a rich set of harmonized covariate data. 

 

Methods 

Data source 

Data were obtained from six birth cohorts, including the Avon Longitudinal 

Study of Parents and Children (ALSPAC, UK; n=14,049; recruitment years, 

1991-1992) [11], the Collaborative Perinatal Project (CPP, USA; n=53,738; 

1959-1965) [12], the Danish National Birth Cohort (DNBC, Denmark; 

n=94,690; 1996–2002) [13], the Jerusalem Perinatal Study (JPS, Israel; 

n=90,079; 1964-1976) [14], the Norwegian Mother, Father and Child Cohort 

Study (MoBa, Norway; n=111,399; 1999-2008) [15], and the Tasmanian Infant 

Health Study (TIHS, Australia; n=10,624; 1988-1995) [16]. These six cohorts 

are participating members of the International Childhood Cancer Cohort 

Consortium (I4C) [17], the source of data for the present study.   

 

Data on all children in ALSPAC, CPP, JPS and TIHS were included in I4C. 

Due to data sharing restrictions, available data from the other two cohorts 

(DNBC and MoBa) only included a random 10% sample of the cohort and all 

childhood cancer cases. In addition, JPS only collected maternal infection 

data in two subsets with no overlap in the population: the antenatal interview 

(n=11,467) and the postnatal interview (n=16,912) subcohorts [14]. We only 

included these two subsets rather than the full JPS cohort. We further 

excluded women who delivered non-singleton babies (n=6,642) or babies with 

trisomy 21 (n=138), resulting in a total sample of 120,507 pregnant women in 

the current analysis (Supplementary Fig. 1). De-identified data were 

transferred from the participating cohorts to the I4C International Data 

Coordinating Centre located at the Murdoch Children’s Research Institute 

(Melbourne, Australia), where they were stored on a secure, password-

protected server. This study and data use were approved by the I4C Steering 
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Committee and the Ethics Committees from the participating cohorts 

(supplementary materials).  

 

 

Maternal infections during pregnancy 

Data on infections during pregnancy were collected using different 

approaches across the six cohorts: self-reported questionnaires (ALSPAC, 

JPS, MoBa, TIHS), self-reports from telephone interviews (DNBC), and a 

combination of medical record review and self-reported interviews (CPP). We 

only included infections with a reported prevalence above 5% and data 

available in at least two cohorts: influenza-like illness, common cold, any 

respiratory tract infection, vaginal infections and their primary type—vaginal 

thrush, urinary tract infection and its primary type—cystitis and two infection-

associated symptoms (fever and diarrhoea). We categorised exposure to the 

specific infection at any time during pregnancy as a binary outcome (yes/no). 

Details about the data collection, harmonisation and prevalence of the 

infection variables in the six cohorts have been reported in our previous 

publications [18] and are also shown in Supplementary Tables 1-3. In the 

pooled dataset, common cold and diarrhoea have the highest prevalence 

(>30%), followed by vaginal infections, vaginal thrush, fever and respiratory 

infection (20%-25%) (Supplementary Table 3). Prevalence of influenza-like 

illness and urinary tract infection (including cystitis) was slightly under 15%.  

 

Birth outcomes 

Preterm birth was defined as gestational age at birth less than 37 weeks of 

gestation. Gestational age (continuous variable in weeks) was determined 

based on the date of the last menstrual period or ultrasound scan. Low birth 

weight was defined as <2500 grams. SGA was defined as a birth weight <10th 

sex- and gestational-age-specific percentiles, according to the 

INTERGROWTH-21st birth weight standards.[19] Data on birth weight were 

extracted from medical records or birth registries. In the I4C dataset, data on 

gestational age at birth in ALSPAC, CPP, MoBa and TIHS are recorded as 

completed weeks of gestation. We thus added 3 days to the recorded 
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gestational age to reduce the misclassification of SGA for these four cohorts 

[20].  

 

Covariates 

Maternal characteristics include age at childbirth (<25, 25-34, ≥35 years) and 

educational level (≥12 or <12 years or the equivalent), smoking during 

pregnancy (yes/no), pre-pregnancy BMI (continuous), parity (primipara or 

multipara), any diabetes (before or during pregnancy; yes or no). Child sex 

was also included as a known predictor of birth outcomes. Data on these 

variables were mainly collected via self-reported questionnaires, interviews or 

birth records. BMI was calculated from self-reported height and weight [weight 

(kg)/height (m2)] before pregnancy or in early weeks of pregnancy. These 

characteristics are generally considered to be related to birth outcomes. We 

also found that these factors, except fetal sex, were associated with infections 

during pregnancy (Supplementary Table 4). Therefore, these factors (except 

fetal sex) were considered to be potential confounders and thus included for 

adjustment in the association analysis between maternal infections and birth 

outcomes. Diabetes in TIHS and pre-pregnancy BMI in the JPS antenatal 

subset were not adjusted as these data were unavailable.  

 

Statistical analysis 

Supplementary Table 5 shows the percentage of missing values for each 

variable. We used Multiple Imputation by Chained Equations to generate 30 

imputation datasets. To account for the clustering of children and the 

heterogeneity, the imputations were separately performed within each cohort.  

Continuous variables were imputed using truncated linear regression, 

whereas binary variables were imputed using logistic regression. All 

covariates, infection variables, birth variables (i.e. birth weight, gestational age 

at birth) and were included in the imputation models. Cancer variables were 

also included in the imputation models as cancer cases were overrepresented 

in DNBC and MoBa given the sampling strategy.  

 

We performed a two-stage individual participant data meta-analysis to 
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examine the association of maternal infections/symptoms with birth outcomes. 

In the first stage, Poisson regression with robust error variance was used to 

examine the association of maternal infections with birth outcomes separately 

in each cohort. Risk ratios (RR) and corresponding 95% confidence intervals 

(CI) were calculated. Models were constructed for each infection separately. A 

regression coefficient was first estimated in each imputation dataset and then 

pooled using Rubin’s rules over 30 imputation datasets [21]. In the second 

stage, cohort-specific RRs were combined using random-effect meta-analysis 

(DerSimonian and Laird method). I2 was used to measure the heterogeneity 

across cohorts.  

 

Several sensitivity analyses were performed. First, seasonality of both 

infections (e.g. respiratory tract infections, urinary tract infection) and birth 

outcomes have been observed. Associations between the two might be 

biased by seasonal factors. To address this, conception seasons were 

additionally included in the regression models. Second, for the analysis of low 

birth weight and SGA, women who delivered preterm were excluded as they 

might have a shorter exposure window. Third, for the analysis of preterm birth, 

we excluded caesarean section deliveries because they might not reflect 

spontaneous birth timing. Fourth, we excluded TIHS and JPS antenatal 

subset from the association analysis because adjustment for diabetes (TIHS) 

or pre-pregnancy BMI (JPS antenatal subset) was not available in these two 

cohorts. 

 

All analyses were completed using STATA version 14 (StataCorp, College 

Station, TX, USA). P-values less than 0.05 were considered “statistically 

significant”. 

 

Results 

Population characteristics  

Overall, 9% of pregnant women were 35 years of age or older, 22% were 

overweight or obese before pregnancy, 34% smoked during pregnancy, 1% 

had diabetes during pregnancy, and 8% delivered via caesarean section 
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(Table 1). The overall incidence of preterm birth was 9.9%, of low birth weight 

7.4% and of SGA 11.2%. Women who were younger than 25 years, had lower 

education, lower pre-pregnancy BMI, and were more likely to smoke during 

pregnancy than older mothers.  Women younger than 25 were more likely to 

deliver preterm, low-birth weight or SGA babies compared with women at 25 

years or older (Table 1). Maternal diabetes was associated with an increased 

risk of preterm birth but reduced risk of SGA. Babies born to primiparous 

women had a higher risk of low birth weight or SGA. Boys had a higher risk of 

preterm birth, while girls had increased risk of low birth weight or SGA.  

 

Association with preterm birth 

Urinary tract infection (pooled RR, 1.17; 95% CI, 1.09-1.26) and vaginal 

infections (pooled RR, 1.10; 95% CI, 1.02-1.20) during pregnancy were 

associated with higher risk of preterm birth (Fig. 1). Cohort-specific 

associations for urinary tract infection and vaginal infections are shown in 

Supplementary Fig. 2 and Fig. 3. Vaginal thrush (RR, 1.11; 95% CI, 0.97-

1.26), and cystitis (RR, 1.12; 95% CI, 0.92-1.36) were also associated with a 

higher risk but did not reach statistical significance.  Other infections were not 

associated with an increased risk of preterm birth. Heterogeneity across 

cohorts was low except for fever and diarrhoeas.  

After adjusting for conception season, vaginal infections and urinary tract 

infection remained significantly associated with an increased risk of preterm 

birth (Supplementary Table 6). The confidence interval for the RR of vaginal 

infections became slightly wider after excluding caesarean section births 

(Supplementary Table 7). The association for urinary tract infection remained 

similar to the primary analysis after excluding caesarean section births 

(Supplementary Table 7) or excluding TIHS cohort (Supplementary Table 8).   

 

Association with low birth weight 

The pattern of associations evident between maternal infections and low birth 

weight was similar to that for preterm birth. Urinary tract infection (pooled RR, 

1.14; 95% CI, 1.08-1.21) and vaginal infections (pooled RR, 1.06; 95% CI, 

1.00-1.12) during pregnancy were associated with a significant increased risk 



10 
 

of delivering a baby with low birth weight (Fig. 2, Supplementary Fig. 4 and 

Fig. 5). The RR for cystitis was similar to that of urinary tract infection, but was 

less precise (pooled RR, 1.13; 95% CI, 0.87-1.47). Heterogeneity across 

cohorts was generally low except for diarrhoea. 

Adjusting for conception season (Supplementary Table 6) and excluding births 

via caesarean section (Supplementary Table 7) or TIHS cohort 

(Supplementary Table 8) yielded similar results. We further excluded preterm 

births and found that vaginal infections were borderline significantly whereas 

urinary tract infection was still significantly associated with higher risk of term 

low birth weight (Supplementary Table 9), suggesting that the associations for 

low birth weight were not driven by preterm birth. Results without adjustment 

for any confounders were similar to those with adjustment (Supplementary 

Table 10). 

 

Association with SGA 

Fever during pregnancy (pooled RR, 1.07; 95% CI, 1.02-1.12) was associated 

with a higher risk of SGA (Fig. 3 and Supplementary Fig. 6). Respiratory 

infection (pooled RR, 1.09; 95% CI, 0.99-1.19), common cold (pooled RR, 

1.10; 95% CI, 0.98-1.23) and urinary tract infection (pooled RR, 1.08; 95% CI, 

0.99-1.17) were statistically marginally associated with increased SGA risk. 

Heterogeneity across cohorts was low except for vaginal infections. 

In the sensitivity analysis adjusting for conception season (Supplementary 

Table 6) and excluding births via caesarean section (Supplementary Table 7), 

results were similar to the primary analysis. However, excluding the TIHS 

cohort enhanced the association for urinary tract infection and SGA (pooled 

RR, 1.14; 95% CI, 1.08-1.20; Supplementary Table 8). Also, after excluding 

preterm births, respiratory infection (pooled RR, 1.11; 95% CI, 1.01-1.22) and 

urinary tract infection (pooled RR, 1.10; 95% CI, 1.00-1.19) were statistically 

significantly associated with SGA risk (Supplementary Table 9).  

 

Discussion 

Summary of findings 

In this pooled analysis of six international birth cohorts, we found that certain 
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types of common infections during pregnancy were associated with a 

modestly increased risk of preterm birth, low birth weight and SGA. To our 

knowledge, this is the first large-scale study to analyse associations of a 

broad spectrum of infections during pregnancy and birth outcomes with 

adjustment for many potential confounders, based on data from multiple 

countries.  

 

Comparison with previous studies and implications 

Urinary tract infection is one of the most common complications during 

pregnancy and has received substantial clinical attention in relation to birth 

outcomes [22]. We found urinary tract infection during pregnancy was 

associated with an increased risk of preterm birth. This finding is in line with 

those from previous studies since the 1970s [23, 24]. However, results from 

more recent studies were inconsistent. For example, a prospective cohort 

study of 4,918 low-risk pregnant women in Netherlands reported that 

symptomatic lower urinary tract infection [25], but not asymptomatic 

bacteriuria [26], during pregnancy was associated with increased risk of 

preterm birth. In contrast, a retrospective cohort study of 8807 pregnant 

women in Denmark reported that bacteriuria during pregnancy was associated 

with preterm delivery [27]. On the other hand, a nationwide population-based 

study of Chinese 42,742 pregnant women with diagnosed UTIs versus 42,742 

controls did not observe a statistically significant association [28]. The 

discrepancies between studies may be attributed to the heterogeneity in 

populations or differences in the definitions/ measurement methods used to 

assess infections (e.g., urine culture, medical records or self-report). A recent 

review summarized the evidence on effectiveness of treatment against urinary 

tract infection during pregnancy and concluded that there is low-to-moderate-

quality evidence that treating urinary tract infection could reduce the risk of 

preterm birth and low birth weight [29]. Therefore, more evidence is needed 

concerning the relationship between urinary tract infection during pregnancy 

and preterm birth in contemporary settings.  

 

Vaginal infection (mainly vaginal thrush) during pregnancy was also 
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associated with an increased risk of preterm birth in our study. Supporting our 

results, a systematic review of two randomized trials found that the treatment 

of asymptomatic vaginal candidiasis in pregnancy reduced the rates of 

preterm birth [30]. However, most previous observational epidemiologic 

studies have found no association between vaginal thrush and preterm birth 

[31, 32], although a few studies have reported positive findings [33]. A recent 

systematic review and meta-analysis of 35 studies on 49,161 pregnant 

women reported a summary OR of 1.01 (95% CI 0.84–1.21) for the 

association of vulvovaginal yeast infections during pregnancy with preterm 

birth, but only three of the studies adjusted for potential confounding [34]. 

However, it should be noted that our data on infections are based on maternal 

self-report and pregnant women may mis-report other vaginal infections such 

as bacterial vaginosis and trichomoniasis (which has been associated with 

preterm birth [35]) as vaginal thrush. Therefore, further studies with 

laboratory-confirmed types of vaginal infections are needed to validate our 

findings.  

 

Several studies have reported positive associations between urinary tract 

infection and SGA [24, 36], which is in line with our finding. However, two 

large retrospective cohort studies (85,484  and 141,035 women respectively) 

reported null results for diagnosed urinary tract infection or genitourinary 

infection and SGA [28, 37]. In addition, our study shows that respiratory 

infection was borderline associated with SGA risk. A previous population-

based cohort study of 132,588 singleton deliveries also showed that pregnant 

women hospitalised for respiratory illness were more likely to deliver SGA or 

low birth weight babies [38]. A more recent retrospective cohort study of 

1,430,669 women from four high-income countries reported that 

hospitalisation due to acute respiratory infection during pregnancy was related 

to increased risk of low birth weight but not SGA [39]. Furthermore, we found 

maternal fever during pregnancy was associated with increased SGA risk, 

which is consistent with a recent small case-control study [40]. Theoretically, 

fever could lead to dehydration and reduce uterine blood flow and hence 

compromise fetal growth.    
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The mechanisms by which urinary tract infections and vaginal infections 

during pregnancy impact fetal growth are likely multifactorial. Localized 

infections may induce an inflammatory response in the mother, resulting in the 

release of pro-inflammatory cytokines and other mediators that could 

negatively affect fetal growth [6]. Maternal infections can also interfere with 

placental function, potentially compromising the exchange of nutrients and 

oxygen between the mother and the fetus. Further studies are needed to 

elucidate the specific mechanisms through which maternal infections influence 

fetal growth. 

 

Strengths and weaknesses 

Our study has several strengths. First, data were collected from six different 

geographic settings over a period of about 50 years. Relatively low 

heterogeneity for most analysed associations across settings suggest 

reliability of the results. Second, data were collected prospectively, which 

could reduce recall bias. Third, compared with previous studies which mainly 

focused on a single maternal characteristic or infection, our study assessed a 

relatively wide spectrum of infections as well as maternal characteristics, the 

latter enabling statistical adjustment for confounding. Lastly, the large sample 

size allows us to detect moderate effects.  

 

Limitations should be acknowledged. The current analysis did not take into 

account the timing of exposure. This could introduce a bias, as pregnant 

women with longer gestation periods would have more time to be diagnosed 

with an infection. This bias may make the infection appear protective against 

preterm birth, as it is associated with longer pregnancies. As a result, our 

findings on preterm birth might underestimate any adverse effect of the 

infection. However, the results for low birth weight and SGA are less likely to 

be affected by this bias, as our sensitivity analysis on term births yielded 

similar results to the primary analysis. Also, our analysis did not differ 

spontaneous and iatrogenic preterm births which may have different aetiology 

and development mechanisms. Given the self-reported nature of the data, 
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misclassification of maternal infection is possible. However, because the data 

were collected prospectively, this misclassification is likely non-differential 

between those with and without the outcomes and tends to underestimate the 

effect of the infection. We were unable to investigate the effects of infection 

due to different pathogen types (virus vs bacterium) on birth outcomes as data 

are unavailable. Data harmonisation across cohorts was difficult for some 

infection variables (e.g., influenza) as the definitions were different. Restricting 

the analysis to livebirths may create collider bias because both maternal 

characteristics (e.g., diabetes, smoking) and infections could affect fetal 

survival. However, this bias should be small as we only focused on common 

infections which do not affect fetal survival substantially. Stillbirth was not 

considered as an outcome in the present study because the I4C consortium 

only includes livebirths given its primary objective to examine associations 

with childhood cancer.[17] Although we have adjusted for many potential 

confounders in the model, residual confounding cannot be excluded, given the 

observational nature of the study. Finally, there are many exposure and 

outcome variables in this analysis, and we did not adjust for multiplicity.  

 

Conclusions 

This multinational cohort study adds evidence that self-reported vaginal 

infections and, urinary infections and fever during pregnancy were associated 

with a small increased risk of preterm birth and, low birth weight, whereas 

fever was associated with higher risk of or SGA. Future studies with 

laboratory-confirmed diagnosis, powered to explore the effects of exposure at 

different gestational age windows, would be useful to confirm our findings.  
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Figure legends 

 

Fig. 1 Association between maternal infections during pregnancy and preterm 

birth.  

RR, risk ratio; CI, confidence interval; Phet, P for heterogeneity. RRs were 

adjusted for maternal age, educational level, smoking during pregnancy, 

parity, any diabetes and pre-pregnancy body mass index. I2 represents the 

magnitude of heterogeneity across, ranging from 0 to 100%. 

 

Fig. 2 Association between maternal infections during pregnancy and low birth 

weight.  

LBW, low birth weight; RR, risk ratio; CI, confidence interval; Phet, P for 

heterogeneity. RRs were adjusted for maternal age, educational level, 

smoking during pregnancy, parity, any diabetes and pre-pregnancy body 

mass index. I2 represents the magnitude of heterogeneity across, ranging 

from 0 to 100%. 

 

Fig. 3 Association between maternal infections during pregnancy and small-

for-gestational-age.  

SGA, small-for-gestational-age; RR, risk ratio; CI, confidence interval; Phet, P 

for heterogeneity. RRs were adjusted for maternal age, educational level, 

smoking during pregnancy, parity, any diabetes and pre-pregnancy body 

mass index. I2 represents the magnitude of heterogeneity across, ranging 

from 0 to 100%. 


