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Abstract  

 

The early life environment, when the microbiome is established, may dictate Inflammatory 

Bowel Disease (IBD) risk later in life. E. coli has emerged as a neonatal colonizer across species. 

To investigate E. coli colonization, phylogeny and virulence in response to different exposures, 

we analyzed metagenomic data and characterized E. coli isolates from mothers and their 

children. Taxa and alpha diversity for control mothers was higher than IBD mothers, and the 

opposite was true for E. coli abundance. An increase in taxa and alpha diversity is seen as infants 

age from 7 days to 4 years old with a concurrent decrease in E. coli abundance. In control 

mothers, E. coli were predominantly phylogroups B2 and D, whereas B1 isolates were more 

common in IBD mothers. In contrast, most infants were colonized by B2 isolates, independent of 

maternal IBD status. Furthermore, the phylogroup distribution of toddlers resembled that of 

control mothers. Cytotoxin and genotoxin genes were rare in maternal E. coli but common in 

infants of IBD mothers and absent in infants of control mothers. Conversely, AIEC-associated 

genes were more common in maternal E. coli particularly IBD mothers than infant E. coli. The 

E. coli isolates from toddler’s were similar to the maternal cohort in rarity of genes encoding 

cytotoxins and genotoxins, but had more genes associated with AIEC. Our findings reveal that 

mothers and their babies are colonized by a diverse group of non-diarrheagenic E. coli that vary 

in phylogeny, genotype and virulence, refuting clonal transmission of maternal isolates.  

 

 

 

 

 

 



Introduction  

 

Inflammatory bowel disease (IBD) which encompasses Crohn’s Disease (CD) and 

Ulcerative Colitis (UC) is a chronic inflammatory autoimmune disease of the gastrointestinal 

tract and occurs because of genetic susceptibility, environmental factors, and one’s intestinal 

microbiome (Torres et al. 2017). CD has been increasing worldwide, especially in urban areas 

and is normally treated with immunosuppressants, biologicals, anti-adhesion molecules, and 

corticosteroids (Halfvarson et al. 2017 and Torres et al. 2017). Dysbiosis and fluctuations of the 

microbiome is often seen in patients with CD and is typically characterized by a decrease in 

Bacteroides and Firmicutes and an increase in Gammaproteobacteria and Actinobacteria 

(Halfvarson et al. 2017 and Torres et al. 2017). Furthermore, pathogens such as Clostridium 

difficile, Helicobacter and adherent-invasive E. coli have been identified in CD patients (Palmela 

et al. 2018). Around one third of patients with CD have E. coli with adherent and invasive 

qualities (adherent-invasive E. coli or AIEC) (Torres et al. 2017). AIEC can adhere to intestinal 

epithelial cells and replicate within macrophages, leading to increased secretion of TNFα which 

can trigger inflammation in the gut (Torres et al. 2017). 

 Much is known about the effects of IBD on the microbiome; however, less is known 

about the relationship between the microbiome of a pregnant IBD patient and their infant. 

Previous research has shown that the maternal microbiome plays a large role in a child’s 

microbiome. For example, mother to infant microbial transmission is seen in the gut microbiome 

more than in the vaginal, skin, or oral microbiome (Ferretti et al. 2018). Furthermore, microbial 

strains acquired by infants from their mothers appear to be more persistent in the infants’ gut 

than strains not acquired from their mothers (Ferretti et al. 2018). The impact of maternal IBD 

status on an infant’s microbiome is beginning to emerge. For instance, pregnant IBD patients 



have a lower alpha diversity in their first and second trimester compared to pregnant women 

without IBD (Torres et al. 2020). Furthermore, the infants of IBD mothers tend to have a lower 

bacterial diversity and altered bacterial composition compared to infants of non-IBD control 

mothers (Torres et al. 2020). The effect of IBD status of a mother on an infant was also explored 

by measuring levels of fecal calprotectin (FC), a biomarker of disease activity and inflammation 

(Kim et al. 2021). Pregnant IBD patients had higher levels of fecal calprotectin throughout 

pregnancy compared to pregnant non-IBD patients and infants born to IBD mothers had higher 

levels of FC as well (Kim et al. 2021). Studies such as these show that the disease status of a 

pregnant mother can affect the microbiome of their infant.  

 E. coli is present in 90% of the human population and it is an early colonizer in infants 

after birth, highlighting the importance of E. coli in the microbiome (Secher et al. 2016). 

Mucosa-associated E. coli is increased in CD patients (Rhodes 2007), and a third of CD patients 

are colonized by pathobiont AIEC. However, little is known about the relationship between E. 

coli and AIEC in the microbiome of pregnant patients with and without IBD and their offspring. 

This project aims to explore the relationship between the presence of E. coli and AIEC in 

pregnant mothers with and without IBD, and how IBD status of the mothers affects their infants’ 

microbiome. The second aim is to explore the effects of the mode of delivery (C-section vs 

spontaneous vaginal delivery) on the infants’ microbiome and E. coli/AIEC status. We 

hypothesize that IBD mothers will have more E. coli and AIEC than healthy mothers, and that 

infants born to IBD mothers will be colonized by maternal E. coli/AIEC. Furthermore, it is 

predicted that spontaneous vaginal delivery will result in a higher likelihood of having E. coli.  

 

 



Materials and Methods  

 

Metagenomic analysis 

Shotgun metagenomic sequencing was performed for microbiota analysis, followed by 

taxonomic classification using Kraken by Mount Sinai as part of their MEChanisms Of disease 

traNsmission In Utero through the Microbiome (MECONIUM) cohort study. For this section of 

the study, 23 IBD mothers, 36 control mothers, 38 children from IBD mothers and 34 children 

from control mothers were studied. Of the 38 children from IBD mothers, 77 samples were 

provided (12 samples at the 7-day timepoint, 15 at 14-day, 13 at 3 months, 14 at 1 year, 6 at 18 

months, 5 at 2 years, 5 at 3 years, 7 samples at 4-5 year timepoint). Of the 34 children from 

control mothers, 139 samples were provided (19 samples at the 7-day timepoint, 22 at 14-day, 25 

at 3 months, 21 at 1 year, 13 at 18 months, 11 at 2 years, 13 at 3 years, 15 samples at 4-5 year 

timepoint). Children gave samples multiple times over the course of the MECONIUM cohort 

study. There were 17 samples from mothers who gave birth via C-section and 51 samples who 

gave birth via vaginal deliveries (some mothers in the cohort gave birth more than once). Of the 

children born to mothers who did not receive antibiotics, 112 samples were provided (16 samples 

at the 7-day timepoint, 17 at 14-day, 22 at 3 months, 20 at 1 year, 10 at 18 months, 9 at 2 years, 9 

at 3 years, 9 samples at 4-5 year timepoint). Of the 128 children born to mothers who received 

antibiotics, 139 samples were provided (25 samples at the 7-day timepoint, 29 at 14-day, 17 at 3 

months, 16 at 1 year, 10 at 18 months, 8 at 2 years, 10 at 3 years, 13 samples at 4-5 year 

timepoint). 

The taxa table was normalized to one million bacterial reads per sample for bacterial 

community diversity analyses and ten thousand E. coli reads per sample for E. coli community 

diversity analyses. Alpha diversity of the microbiota was calculated using the number of 



observed taxa and the Shannon diversity index. Alpha diversity differences between groups were 

evaluated using either the Mann–Whitney U test or Tukey’s multiple comparison test on 

GraphPad Prism version 10.4.1. Beta diversity was calculated using the Bray–Curtis dissimilarity 

index, followed by principal coordinates analysis (PCoA). Both alpha and beta diversity were 

calculated using mothur and 90% confidence ellipses were generated using the mass 2 package 

in R. A PERMANOVA test was performed using the adonis2 function in the vegan package in R 

with 999 permutations and Bray-Curtis dissimilarity, to assess the effects of time and IBD status 

on microbial community composition (Schloss et al. 2009, Ripley et al. 2013, Dixon 2003). All 

metagenomic analyses and PCoA visualizations were provided by our collaborators at Mount 

Sinai. 

Isolation and characterization of E. coli 

Fecal samples from pregnant mothers in the third trimester, their infants (7 days, 14 days, 

3 months, 1 year, 18 months, 4 years) were provided by the Icahn School of Medicine at Mount 

Sinai. These samples were collected as part of the MECONIUM cohort study at Mount Sinai. 70 

fecal samples from mothers (40 with IBD and 30 without IBD), 29 samples from their infants 

(11 born to IBD mothers and 18 born to healthy mothers), and 43 samples from toddlers (27 born 

to IBD mothers and 16 born to healthy mothers) were received from Mount Sinai. These samples 

were stored at -80°C. To culture E. coli, fecal samples were incubated in a Gram-negative 

enrichment (GN) broth at a 37 °C incubator for 24 hours. Serial dilutions were prepared in PBS 

up to 10-7 and plated on MacConkey agar to isolate colonies. After overnight incubation at 37 °C, 

10 pink colonies were randomly selected and purified on LB agar. Colonies were tested for E. 

coli using E. coli-specific primers (16S-1340) in a PCR assay. Afterwards, the phylogenetic 

group (A, B1, B2, D or F) for each isolate was determined using triplex PCR as previously 



described by Clermont et al. (2013). Furthermore, the clonality of E. coli isolates was determined 

by random amplified polymorphic DNA (RAPD) PCR. Isolates with identical RAPD patterns 

(determined by non-quantitative visual analysis) and belonging to the same phylogenetic group 

were considered as the same strain. The primer used for RAPD PCR was 1283 as described by 

Akopyanz et al. (1992).  

Virulence genes 

The presence of cnf1 and pks virulence genes associated with cytotoxic and genotoxic E. 

coli strains was determined by PCR. The presence of genes associated with AIEC pathotype, 

lpfA141, lpfA154, and pduC, was determined using PCR as previously described by Dogan et al. 

(2012, 2014). The presence of diarrheagenic virulence genes (eae, stx1, stx2, lt, st, ipaH, and 

pCVD432) was determined by PCR, with isolates containing these genes considered non-AIEC 

(Vidal et al. 2005).   

 

Results  

Metagenomic analysis 

 

Principal Coordinate Analysis (PCoA) revealed that the bacterial communities from 

maternal samples form discrete clusters that are separate from infants. There is a slight difference 

in bacterial communities between control and IBD mothers, but broad overlap in the microbiome 

of babies independent of maternal IBD status.  



 

 

 

 

 

 

 

 

 

 

Figure 1. PCoA plot of bacterial community in IBD and non-IBD mothers and their 

infants, of IBD and non-IBD mothers (bottom-left), and control and infants born to IBD mothers 

(bottom-right). Bray-Curtis analysis used to measure dissimilarity in groups. IBD mother 

bacterial community had R2 = 0.6%, F=3.32, p=0.001. IBD infants had R2 = 0.6%, F=1.71, 

p=0.067 and time had R2 = 20.7%, F=6.07, p=0.001. 

 

PCoA analysis revealed that the E. coli community of maternal samples clusters 

separately from their infants, and a slight difference in E. coli communities between mothers and 

babies with IBD. 



 

 

 

 

 

 

 

 

 

 

Figure 2. PCoA plot of E. coli sequences identified down to the strain level in IBD and 

non-IBD mothers and their infants, of IBD and non-IBD mothers (bottom-left), and control and 

infants born to IBD mothers (bottom-right). Bray-Curtis analysis used to measure dissimilarity in 

groups. IBD mother E. coli community had R2 = 3.8%, F=2.06, p=0.059 and IBD infants had R2 

= 0.3%, F=0.69, p=0.671 and time had R2 = 16.9%, F=4.37, p=0.00. 

 

Observed taxa and alpha diversity was higher in control than IBD mothers. E. coli 

abundance was higher in mothers with IBD than control mothers. 
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Figure 3. (A) Observed taxa for IBD and non-IBD mothers. Mann-Whitney test used with 

data shown as mean ± SD. **** P < 0.0001. (B) Alpha diversity for IBD and non-IBD mothers. 

Simpson Index of Diversity and Mann-Whitney test used with data shown as mean ± SD. ** P < 

0.01. (C) E. coli abundance in hits per million for IBD and non-IBD mothers. Mann-Whitney 

test used with data shown as mean ± SD. * P < 0.05. 

 

The observed taxa, alpha diversity, and E. coli abundance for infants remained similar 

between infants born to mothers with and without IBD. An increase in observed taxa and alpha 

diversity is seen in infants as they age from 7 days old to 4-5 years old. The abundance of infant 

E. coli decreased from the perinatal period to 4-5 years old. 
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Figure 4. (A) Observed taxa for children of different age cohorts (7 days, 14 days, 3 

months, 1 year, 18 months, 2 years, 3 years, 4-5 years) born to IBD and non-IBD mothers. 

Mann-Whitney test used with data shown as mean ± SD. (B) Alpha diversity for children born to 

IBD and non-IBD mothers. Simpson Index of Diversity and Mann-Whitney test used with data 

shown as mean ± SD. (C) E. coli abundance in hits per million for children born to IBD and non-

IBD mothers. Mann-Whitney test used with data shown as mean ± SD.  

 



Infants born via vaginal birth had more intestinal E. coli abundance than those born via 

C-section.  

 

 

 

 

 

 

 

 

 

 

Figure 5. E. coli abundance for children born via C-section or vaginal birth. Mann-

Whitney test used with data shown as mean ± SD. * P < 0.05. 

 E. coli abundance was similar in children who were born to mothers that did or did not 

receive antibiotics during birth and delivery stay at the hospital. Mothers that receive antibiotics 

often had C-sections as opposed to vaginal deliveries.  

 

 

 

 

 

 

Figure 6. E. coli abundance for children born to mothers who did or did not receive 

antibiotics during delivery. Multiple Comparisons test used with data shown as mean ± SD. 

Isolation and characterization of E. coli 

Seventy fecal samples from mothers were evaluated.  E. coli was isolated from 17/70 

samples (9 from the control group and 8 from IBD mothers), with 22 different E. coli isolated. 



RAPD PCR identified 1-3 E. coli strains per mother, with phylogroups A, B1, B2, D and F. In 

healthy mothers, E. coli were predominantly phylogroups B2 or D (5/12 isolates were B2 and 

3/12 were D), whereas in IBD mothers, E. coli was mostly B1 (there were 6/10 B1 E. coli 

isolates) (Table 1).   

Twenty-nine fecal samples from infants aged 7-90 days old were evaluated. E. coli was 

isolated from 7/29 infants (3 born to control mothers, 4 to IBD mothers), yielding 11 different E. 

coli isolates. RAPD PCR identified 1-2 E. coli strains per infant with 9 strains belonging to the 

phylogroup B2 (Table 1).  

Forty-three fecal samples from toddlers aged 1-4 years old were evaluated. E. coli was 

isolated from 18/43 samples (5 from control mothers, 13 from IBD mothers), yielding 27 

different E. coli isolates. RAPD PCR identified 1-3 E. coli strains per toddler, with phylogroups 

A, B1, B2, D and F. E. coli strains in toddlers were mostly B2 and D, and independent of 

maternal IBD status (Table 1).  

Table 1. Isolation and characterization of E. coli from mothers and their babies. 

 

 

 

 



The distribution of E. coli phylogroups in toddlers resembles that of control mothers 

(Figure 7). However, the phylogroup distribution of the infants is enriched in B2 strains (Figure 

7).  

 

 

 

 

 

 

 

Figure 7. Distribution of E. coli phylogroups. 

Comparison of maternal and infant E. coli strains: There were 5 instances when E. coli 

was isolated from a mother and her infant, with clonal E. coli strains identified in 1/5 mother: 

baby pairs (Table 2 and Figure 8). 

Table 2. Characterization of E. coli isolated from mother-baby pairs. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 8. Gel electrophoresis of Triplex and RAPD PCR of the clonal E. coli strains of 

the mother/infant pair. 

Virulence genes 

Genes encoding cytotoxin and genotoxins (cnf1, pks) were rare in maternal E. coli (15% 

cnf1, 15% pks in control; 0% cnf1, 10% pks in IBD) but common in infants of IBD mothers 

(75% cnf1, 88% pks) and absent in infants of control mothers (Table 3). Conversely, AIEC 

associated genes (lpfA141, lpfA154, and pduC) were more common in maternal E. coli 

particularly IBD mothers (31% lpfA141, 31% lpfA154, 0% pduC in control; 50% lpfA141, 60% 

lpfA154, 30% pduC in IBD mothers) than infant E. coli (0% lpfA141, 33% lpfA154, 33% pduC in 

infants of control; 0% lpfA141, 13% lpfA154, 0% pduC in infants of IBD). Similar to the 

maternal cohort, cytotoxin and genotoxin genes (cnf1, pks) were rare in toddler E. coli (13% 

cnf1, 0% pks in control; 0% cnf1, 11% pks in toddlers born to IBD mothers) but toddlers had 

more genes associated with AIEC (0% lpfA141, 25% lpfA154, 38% pduC in control; 16% 

lpfA141, 53% lpfA154, 47% pduC in toddlers born to IBD mothers) (Table 3).  

 

 

 

 



Table 3. Virulence genes of maternal, infant (7-90 days old), and toddler (12-18 months) E. coli. 
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Discussion  

 

 Early life events have an important role in shaping the microbiome within the first 2-3 

years of life. Events such as mode of delivery, feeding patterns, antibiotic use and maternal 

health status can all play an important role in the development of the gut microbiota and risk for 

Inflammatory Bowel Disease (IBD) later in life (Sabino et al. 2024). This study explored the 

effects of a mother’s IBD disease status on microbiome diversity focusing on E. coli phylogeny 

and virulence. Additionally, this study explored the effect of a mother’s IBD status, delivery 

mode, and antibiotic use on their infant’s microbiome diversity. By considering maternal disease 

status and early life exposures such as mode of delivery and antibiotic exposure, our study 

provides important information of how these variables can affect the microbiome.  

Metagenomic analysis 

 Metagenomic analysis revealed that the observed taxa and alpha diversity for control 

mothers was higher than IBD mothers. Previous studies have shown that pregnant IBD patients 

had a lower alpha diversity in their first and second trimester compared to pregnant women 

without IBD, which is consisted with our findings (Torres et al. 2020). Furthermore, we observed 

that the taxa, alpha diversity, and E. coli abundance for infants remained similar between infants 

born to IBD and non-IBD mothers. Although no significant difference in taxa and alpha diversity 

were observed for infants born to IBD vs non-IBD mothers, prior studies have shown that infants 

of IBD mothers tended to have a lower bacterial diversity and altered bacterial composition 

compared to infants of non-IBD mothers (Torres et al. 2020). We also observed an increase in 

observed taxa and alpha diversity in infants as they aged from 7 days old to 4-5 years old. This 

finding is consistent with previous studies which have shown an increase in bacterial alpha-



diversity in infants between their first 3 to 24 months of life (Sabino et al. 2024 and Yatsunenko 

et al. 2012).  

 Our findings indicate that E. coli abundance for control mothers was lower than IBD 

mothers, which is consistent with studies reporting an increase in mucosa-associated E. coli, 

notably AIEC, in Crohn’s Disease patients (Rhodes 2007; Baumgart et al. 2008). E. coli has 

emerged as an early colonizer of neonatal infants that can promote an anaerobic environment that 

supports colonization by obligate anaerobic bacteria such as Bifidobacterium, Clostridium and 

Bacteroides (Secher et al. 2016). In our study, we observed an increase in observed taxa and 

alpha diversity as infants aged from 7 days old to toddlers, with a concurrent decrease in E. coli 

at the same time. This pattern provides insight into the early E. coli colonization that occurs in 

infants followed by the more complex and diverse system of bacterial colonization as a child 

grows and experiences changes in eating patterns from relying on breastmilk and/or formula 

milk to a diet higher in sugar (Yatsunenko et al. 2012).  

 Previous studies have shown that delivery mode (C-section vs vaginal birth) can be 

associated with differences in bacterial colonization, with these differences becoming less 

pronounced as a child ages (Stokholm et al. 2016). Consistent with our findings, previous studies 

have also shown higher numbers of E. coli with vaginal births versus C-section. Differences in 

bacterial colonization between C-section vs vaginal birth have also been found with other 

bacterial species revealing a positive correlation between Clostridium, Enterobacter cloacae, and 

Enterococcus faecalis species and C-sections (Stokholm et al. 2016). These findings suggest that 

the mode of delivery plays an important role in shaping an infant’s gut microbiome.  

In addition to examining the effects of delivery mode, our study also explored the 

relationship between E. coli abundance and maternal intrapartum antibiotic use. We found that E. 



coli abundance in infants was similar regardless of whether their mothers received antibiotics 

during labor. It is worth noting that in our study, mothers who did receive antibiotics often had 

C-sections as opposed to vaginal deliveries. However, previous studies have shown that such use 

of antibiotics associated with C-sections have shown lower numbers of E. coli (Stokholm et al. 

2016). The potential link between delivery mode, antibiotic use and changes in E. coli abundance 

raises important questions about IBD risk later in life. Future studies could explore if a lower 

number of E. coli abundance due to C-sections and intrapartum antibiotics can be used to predict 

an increase in IBD risk later in life. This would be an important area of research given that C-

sections and exposure to antibiotics have been correlated to increase IBD risk later in life (Torres 

et al. 2020 and Agrawal et al. 2021). 

Isolation and characterization of E. coli 

Through metagenomic analysis we found that IBD mothers have increased abundance 

and diversity of E. coli compared to controls. However, our culture-based analysis found that 

IBD mothers and non-IBD mothers had roughly the same number of E. coli strains within the 

mother cohort (10/22 vs 12/22 E. coli strains, respectively). This discrepancy in results may be 

due to challenges in isolating E. coli from archival fecal samples. Furthermore, both infants and 

toddlers born to mother with IBD had a higher number of E. coli isolates than infants and 

toddlers born to non-IBD mothers. The increase of E. coli isolates in younger children as 

opposed to their mothers may be due to E. coli’s role as an early colonizer in the microbiome 

(Secher et al. 2016). Furthermore, using a chi-square test we found that there is statistical 

significance in phylogroup distribution between IBD mothers, IBD infants and IBD toddlers (p 

<0.001) and there is also statistical difference in phylogroup distribution of healthy mothers, 

infants and toddlers (p < 0.01). We also hypothesized that maternal E. coli strains would be 



directly transmitted to infants; however, we found clonal E. coli in only 1/5 mother baby pairs, 

emphasizing that the colonization of E. coli in the infants due to the mother’s microbiome may 

not be as strong as predicted.  

Previous literature has found that the microbiota evolves and matures by the time a child 

reaches three years old (Secher et al. 2016). Our finding that the distribution of E. coli 

phylogroups in toddlers is more like non-IBD mothers, than infants support the age-related 

transition of the microbiome. 

Virulence genes  

Adherent and Invasive E. coli (AIEC) has been linked to inflammatory bowel disease 

(IBD), particularly Crohn’s disease (Zhang et al. 2022; Palmela et al. 2018) and colorectal cancer 

(CRC) (Arthur et al. 2012).  The lpfA and pduC virulence genes are enriched in AIEC associated 

with CD (Dogan et al. 2014; Zhang et al. 2022) whereas the pks gene cluster which encodes for a 

genotoxin, Colibactin (Secher et al. 2016), is linked to intestinal inflammation, DNA damage and 

CRC (Arthur et al. 2012). Our findings suggest that phylogeny and virulence gene content of E. 

coli vary with age groups and maternal disease status. Infants (7-90 days old) showed a 

predominance of B2, pks+, cnf+ associated with colorectal cancer CRC, while toddlers showed a 

higher frequency of B2 strains containing the AIEC-associated lpfA+, pduC+ genes. Using a chi-

square test, we also found that there was statistical significance between pks+, cnf+ presence in 

infants versus toddlers born to IBD mothers (p < 0.0001 and p < 0.001, respectively). 

Furthermore, IBD mothers favored B1, lpfA+, pduC+ isolates, consistent with previous studies 

of CD-associated E. coli and AIEC (Zhang et al. 2022) and non-IBD mothers favored B2, D, 

lpfA+ isolates.  



Intriguingly, pks was only found in B2 strains, consistent with previous studies, and all 

the infants (7-90 days old) colonized with B2 strains born to IBD mothers, were positive for pks. 

This observation highlights a potential association between B2 phylogroups and pks presence, 

suggesting that IBD may influence whether pks is present.  

 A major limitation of this study was the low number of infants and toddlers compared to 

the mother cohort, which may have impacted the distribution of phylogroups observed within the 

cohort. This may be especially true for the case of healthy infants (7-90 days old), as we were 

only able to isolate three E. coli strains. Furthermore, there were some challenges in isolating E. 

coli from fecal samples obtained and archived by our collaborators at Mount Sinai. This may 

relate to direct freezing without use of cryo-preservatives.  

In the future, it would be beneficial to explore the presence of virulence genes using the 

metagenomic data provided by Mount Sinai to supplement what has already been identified 

using PCR. Additionally, for samples that we were unable to isolate strains, it would be 

interesting to investigate metagenomic data to determine if E. coli strains are indeed present in 

those samples and to determine the phylogroups of these strains.  
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