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Abstract

Objective: Gut microorganisms contribute to the metabolism of environmental toxicants,
including methylmercury (MeHg). Our main objective was to investigate whether associations
between biomarkers for prenatal MeHg exposure and maternal gut microbiota differed between
early and late gestation.

Methods: Maternal blood and stool samples were collected during early (8.3-17 weeks, n=28)
and late (27-36 weeks, n=24) gestation. Total mercury and MeHg concentrations were quantified
in biomarkers, and inorganic mercury was estimated by subtraction. The diversity and structure of
the gut microbiota were investigated using 16S rRNA gene profiling (n=52). Biomarkers were
dichotomized, and diversity patterns were compared between high/low mercury concentrations.
Spearman's correlation was used to assess bivariate associations between MeHg biomarkers (stool,
blood, and meconium), and 23 gut microbial taxa (genus or family level, >1% average relative
abundance).

Results: Within-person and between-person diversity patterns in gut microbiota differed between
early/late gestation. The overall composition of the microbiome differed between high/low MeHg
concentrations (in blood and stool) during early gestation, but not late gestation. Ten (of 23) taxa
were significantly correlated with MeHg biomarkers (increasing or decreasing); however,
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associations differed, depending on whether the sample was collected during early or late
gestation. A total of 43% of associations (69/161) reversed the direction of correlation between
early/late gestation.

Conclusions: The time point at which a maternal fecal sample is collected may yield different
associations between gut microorganisms and MeHg biomarkers, which may be due in part to
remodeling of maternal microbiota during pregnancy. Our results suggest the effectiveness of
dietary interventions to reduce prenatal MeHg exposure may differ between early and late
gestation.
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INTRODUCTION?

The human microbiota refers to the tens of trillions of microorganisms that colonize the
body and their genes, referred to as the microbiome. Of all the body sites, the majority of
microbiota live in the gastrointestinal tract, particularly in the colon. Methylmercury (MeHg)
is a potent neurotoxin, and the fetal period is the most vulnerable period for exposure
(Clarkson and Magos, 2006). There is significant variability in MeHg metabolism, which
has been attributed to differences in the structure and function of the gut microbiome
(Rowland et al., 1984, 1986).

Much of the research on MeHg metabolism is focused on methylation/demethylation by gut
microbiota. In the large intestine, gut microbes are hypothesized to demethylate MeHg and
produce less toxic inorganic mercury (IHg), which is excreted in feces (Clarkson and
Magos, 2006). Stool MeHg is not entirely demethylated before excretion (Caito et al., 2018;
Ishihara, 2000; Rand et al., 2016; Rothenberg et al., 2016), suggesting other mechanisms
may limit MeHg absorption from the large intestine. Methylation of IHg by gut microbes is
also possible; to date, one commensal methanogen (Methanomassiliicoccus luminyensis)
isolated from human feces contained the gene cluster (/#gcA and AgcB) required for
inorganic Hg methylation (Parks et al., 2013). However, this gene cluster was not detected in
fecal samples from 297 healthy individuals in the Human Microbiome Project (Podar et al.,
2015), 145 elderly Swiss women (Podar et al., 2015), or six pregnant mothers in South
Carolina (Rothenberg et al., 2016), suggesting stool MeHg most likely originated from
dietary sources of MeHg. In animal and human studies, exposure to lead, cadmium, and
arsenic impacted the structure and/or function of gut microbiota (Breton et al., 2013; Dong
etal., 2017; Lu et al., 2014), and thus MeHg may also impact the gut microbial community.

A better understanding of the interplay between gut microorganisms and MeHg metabolism
is needed, especially during pregnancy. Pregnancy is marked by changes in maternal

l25(OH)D (25-hydroxy-vitamin D), (ASV) amplicon sequence variants, ANOVA (one way analysis of variance), BMI (body mass
index), BrCl (bromine monochloride), CVAFS (cold vapor atomic fluorescence spectrometry), CH2Cl2 (dichloromethane), dbGaP
(U.S. National Institutes of Health Database for Genotypes and Phenotypes), FDR (False Discovery Rate), FFQ (food frequency
questionnaire), Hg (mercury), HCI (hydrochloric acid), HNO3 (nitric acid), H2SO4 (sulfuric acid), MeHg (methylmercury), MUSC
(Medical University of South Carolina), QA/QC (quality assurance/quality control), SRA (short-read archives), THg (total mercury),
USEPA (U.S. Environmental Protection Agency)
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physiology, anatomy, and immune function, and gut microbiota may contribute to these
changes (Koren et al., 2012). Previously, we reported associations between gut microbiota
taxa and MeHg biomarkers during late gestation (Rothenberg et al., 2016). In the present
study, we investigated whether associations between biomarkers for prenatal MeHg
exposure and gut microbiota differed between early and late gestation. We also hypothesized
associations would differ between MeHg and IHg. Maternal blood total Hg (THg), MeHg,
and IHg concentrations were previously published for 24 (of 28) mothers (Donohue et al.,
2018); all other data have not been previously published.

MATERIALS AND METHODS

Enrollment and biomarker collection

From October 2014 through March 2016, mothers were recruited at the Medical University
of South Carolina (MUSC) in Charleston, South Carolina, USA. Eligible mothers were in
good general health, between 18-45 years old, expecting a singleton birth, and within 14
weeks of the last menstrual period. Mothers receiving antibiotic treatment within the
previous two weeks were ineligible. All mothers provided written informed consent prior to
participation. Protocols were approved by the Institutional Review Board at the Medical
University of South Carolina and approved by cooperative review at the University of South
Carolina. A total of 28 mothers were enrolled, including 20 mothers who were initially
enrolled in a double-blind vitamin D supplementation study (ClinicalTrials.gov,
NCT01932788). After collection of the first blood sample, participants in the vitamin D
supplementation study were randomized into placebo (400 IU) and supplemented (4400 IU)
groups.

Biomarker collection.—Upon enrollment and during late gestation, a non-fasting blood
sample was collected by venipuncture for analysis of whole blood THg and MeHg (Becton
Dickinson, K,EDTA, Royal Blue). A second vial of blood was collected for analysis of total
circulating plasma 25(OH)D (Becton Dickinson, KoEDTA, Lavender) from all mothers
enrolled in the vitamin D supplementation study (n=20) and from some of the other mothers
(early gestation: n=2; late gestation: n=4). Vials of whole blood for THg and MeHg analyses
were frozen at —20°C, and transported to the University of South Carolina in a Credo Cube
(=20°C) (20M, Pelican, MN, USA), where they were stored frozen (-25°C). For 25(OH)D
analyses, plasma was separated by centrifugation, and aliquots were archived at MUSC
(-80°C).

Mothers were given a stool collection kit including sterile collection containers (Thermo
Fisher 02-544-208) and detailed instructions adapted from the Human Microbiome Project
protocols (Human Microbiome Project, 2010). Participants shipped stool samples overnight
to the University of South Carolina. Upon receipt, in an anaerobic AtmosBag (Sigma
Aldrich, 2530212) filled with N, stool samples were aliquoted using sterile microspatulas
(Corning 3012, New York, USA) into 2 mL sterile cryovials and 50 mL polypropylene vials,
and then frozen (-80°C). A maternal hair sample was collected from the occipital region
using stainless steel scissors, which was tied with a string and stored in a plastic bag at room
temperature. While in the hospital, the first diaper with meconium was put into a plastic bag
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and frozen (-20°C). Frozen diapers were transferred to the University of South Carolina in a
Credo Cube, and archived (-80°C). Before analysis, meconium was gently loosened from
the frozen diaper, and transferred into 50 mL polypropylene vials. Of 22 diapers, there was
sufficient meconium to analyze THg and MeHg concentrations in 14 and 17 diapers,
respectively. Table Al includes the timeframe for collection of blood, stool, and hair
samples.

Fish consumption

During their second trimester, mothers completed at home a food frequency questionnaire
(FFQ) including 30 varieties of fish/shellfish commonly consumed in Charleston, S.C. The
questionnaire included nine options, ranging from "never" to "almost every day," which
were converted to servings/day: 0 = never, 1/365 = once per year, 2.5/365 = two or three
times per year, 6/365 = about every other month, 12/365 = once per month, 2.5/30.5 = two
or three times per month, 1/7 = once per week, 2.5/7 = two or three times per week, and 1 =
almost every day. Daily servings were summed, providing total fish/shellfish intake.

Other covariates

Mothers completed a sociodemographic questionnaire, including race/ethnicity, maternal
age, education level, parity, and previous alcohol and tobacco use. Height and weight were
recorded at the first visit, and weight was recorded at subsequent visits. First trimester body
mass index (BMI) was calculated, including underweight (<18.5 kg/m2), normal weight
(18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?2), and obese (=30.0 kg/m?). Two mothers
were classified as underweight, and were combined with normal weight mothers.
Gestational weight gain was classified as below, within, or above recommended weight gain
based on guidelines from the Institute of Medicine of the National Academies (Institute of
Medicine, 2009). Antibiotic treatment between the first and second stool sample was
obtained from the medical record, and categorized (0 times, 1-4 times). Mothers reported
whether they received the flu vaccine and the date of the vaccine, and whether they had
amalgam fillings. In animal studies and human studies, antibiotic treatment increased the
MeHg elimination rate (Caito et al., 2018; Rowland et al., 1984; Seko et al., 1981).
Amalgam fillings contain elemental Hg, and the flu vaccine is usually preserved with
thimerosal, which contains ethyl Hg (Clarkson and Magos, 2006).

Laboratory analyses

Hair preparation.—THg and MeHg concentrations were analyzed at the Rothenberg
Mercury lab. Hair samples were collected at the beginning of the third trimester and were
sectioned corresponding to the previous three, six, and nine months. On average, hair
samples corresponded to 21-32 weeks gestation, 7.6-21 weeks gestation, and 5.2 before
preghancy to 7.6 weeks gestation, respectively. Hair samples corresponding to 7.6-21 and
21-32 weeks gestation represented early and late gestation, respectively. Hair samples were
cut using the specific monthly growth rate of hair for African American women (0.87 cm/
month) and Caucasian women (1.12 cm/month) (Loussouarn et al., 2005); we assumed the
hair growth rate for Hispanic women was the same as Caucasian women. To remove
exogenous Hg, sectioned hair samples were washed using 0.1% (v/v) 2-mercaptoethanol,
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gently shaken for one hour, then triple-rinsed with Milli-Q H,0 (>18.0 MQ cm™1), and air-
dried in a biosafety cabinet, as previously described (Hong et al., 2016).

THg analyses.—THg concentrations in hair, stool, blood, and meconium were analyzed
following U.S. Environmental Protection Agency (USEPA) Method 1631, although
digestion methods differed slightly (USEPA, 2001a, 2002). Briefly, each sample was
aliquoted into a 40 mL borosilicate vial with a Teflon-lined cap. For blood samples, cold
digestion was used (Donohue et al., 2018). Blood (~0.5 g) was digested in 4 mL of
hydrochloric acid (HCI) and 1 mL of nitric acid (HNOs) overnight. For stool, meconium,
and hair samples, hot digestion was used (Rothenberg et al., 2016, 2017). Stool (~0.75 g)
and meconium (~1.2 g) were digested in 5 mL of freshly prepared sulfuric acid
(H2S0O4):HNO3 [3:7 (v/Vv)], while hair (~0.02 g) was digested in HNO3:HCL [(3:1 (v/V)].
Vials were heated in a water bath at 70-80°C (stool and meconium: 2-3 hours, hair: 6
hours).

After digestion, bromine monochloride (BrCl) was added (1% v/v) to oxidize all Hg to
Hg(I1), and samples sat overnight. Just before analysis, 0.1 mL of hydroxylamine
hydrochloride (30% wi/v) was added, followed by 0.1 mL of tin (II) chloride to reduce
Hg(ll) to volatile Hg(0). De-foaming agent (Antifoam AF, Spectrum, USA) (2% v/v, 1 mL)
was added to analysis vials to reduce foaming. THg concentrations were analyzed using cold
vapor atomic fluorescence spectrometry (CVAFS) (Merx-T with Model 111 Detector, Brooks
Rand Instruments).

MeHg analyses.—Blood MeHg was extracted using methods from Liang et al. (2000) and
Donohue et al. (2018). Approximately 0.5 g of thawed blood was weighed into a 50 mL
polypropylene tube, and dried in an oven overnight at 70°C. Samples were digested in 2 mL
of 25% potassium hydroxide:methanol (w/v) for 3 hours at 75°C. Then 10 mL of
dichloromethane (CH,Cl,) and 2 mL of hydrochloric acid were added to each sample.
Samples were shaken for 30 minutes, then left overnight to complete phase separation.
Approximately 8 mL of the CH,Cl, layer was transferred to a pre-weighed 50-mL
polypropylene tube, and Milli-Q H,0 was added to 30 mL. Vials were heated in a water bath
(60-70°C) for 1.5 hours to evaporate the CH,Cl, layer, and then the volume was raised to 40
ml using Milli-Q H,O.

For stool and meconium samples, MeHg was extracted using methods from Bloom et al.
(1997). Stool samples (~3 g) and meconium samples (~0.9 g) were leached for one hour in 5
mL of 18% (w/v) potassium bromide + 5% (v/v) H,SO,, and 1 mL of 1 M copper sulfate
solution. Then 10 mL of CH,Cl, was added, samples were shaken for one hour, centrifuged
(4000 RPM, 30 min), and phases separated (Whatman 1-PS). The CH,Cl, layer was
evaporated by heating vials in a water bath, as described above, and the final volume was
raised to 40 mL using Milli-Q H,0.

Following solvent extraction and back extraction into water, MeHg was quantified by gas
chromatography-CVAFS, according to U.S. EPA Method 1630 (USEPA, 2001b) (Model-I11
Detector, Brooks Rand Instruments).
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There was insufficient volume of hair to analyze MeHg. However, hair THg is considered an
accurate measure of dietary MeHg intake because MeHg is the Hg species that is
accumulated in the hair shaft (Zareba et al., 2008). Stool samples were dried overnight at
105°C, and Hg concentrations were reported in dry weight. There was insufficient
meconium mass to measure the wet:dry ratio; however, all meconium samples had the same
tar-like consistency, and thus meconium Hg concentrations were reported in wet weight.

THg and MeHg quality assurance/quality control (QA/QC).—QA/QC is
summarized in Table A2. At least two standard reference materials were analyzed alongside
samples, as well as matrix spikes and sample replicates. Average recoveries for THg and
MeHg in standard reference materials and matrix spikes ranged from 81-118%, and the
relative standard deviation between replicate digests for THg and MeHg ranged from 3.3—
22%. Six values for blood %MeHg (of THg) exceeded 100% (Table 1), which is mainly
attributed to variability in the analytical methods (Donohue et al., 2018). The method
detection levels for THg and MeHg were based on the ratio between the lowest point on the
calibration curve and the average mass analyzed (USEPA, 2011) (Table A2). The detection
levels for stool THg and MeHg were converted to dry weight using the average wet:dry ratio
[=4.18 (unitless)]. MeHg concentrations in two meconium samples of 17 (12%) were below
the detection level, and half the detection level was imputed. All other values exceeded the
method detection levels.

Hematocrit.—The hematocrit (%) is part of the Complete Blood Count, and is defined as
the ratio between the volume of red blood cells over the total volume of blood. About 80%
of blood MeHg binds to the red blood cells (Clarkson and Magos, 2006); plasma volume
increases from early to late gestation (Hytten, 1985), and may contribute to a dilution effect
for blood MeHg. To control for hemodilution, blood Hg was normalized by hematocrit
(Donohue et al., 2018).

Vitamin D.—For 20 mothers enrolled in the vitamin D supplementation study, total
circulating 25-hydroxy-vitamin D [25(OH)D] concentrations in plasma were analyzed using
a rapid, direct radioimmunoassay, which was developed by the Hollis lab at MUSC (Hollis
et al., 1993). For eight mothers not enrolled in the vitamin D supplementation study, plasma
25(0OH)D and 25(0OH)D3 concentrations were analyzed using liquid chromatography/mass
spectrometry at the MUSC Clinical Chemistry lab, and then summed to obtain total plasma
25(0OH)D concentrations (van den Ouweland et al., 2010). In a comparison of the two
methods, 25(OH)D concentrations were highly correlated (r-squared=0.90) (van den
Ouweland et al., 2010). Both assays have a coefficient of variation of <10%. The
radioimmunoassay detection level is 2.8 ng/mL (Hollis et al., 1993), and the detection levels
using liquid chromatography/mass spectrometry are <1 ng/mL (van den Ouweland et al.,
2010). All 25(0OH)D concentrations exceeded the detection levels.

Data analysis for biomarkers

Pairwise associations between Hg parameters, including stool, blood, and meconium THg
and MeHg, fish consumption, and maternal characteristics were examined using Spearman’s
correlation, Pearson's correlation, one way analysis of variance (ANOVA), Wilcoxon rank-
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sum test, Student's two-tailed t-test, Kruskal-Wallis test, or Fisher's exact test, depending on
the distribution and properties of each variable. For ANOVA, multiple comparisons were
estimated using the Sidak test, and p-values for pairwise comparisons are reported in the
text.

Associations between stool and blood Hg were potentially biased by the differences in
biomarker collection dates (Table Al). To assess potential bias, we used weighted linear
regression relating the Hg parameter (independent variable) and gestational period
(dependent variable). The inverse of the absolute value of the number of days between stool
and blood collection was used as the analytical weight. Then results were compared between
the unweighted and weighted regression models.

Longitudinal trends were assessed using a repeated measures mixed model adjusting for
within-person correlation, including gestational period (early versus late gestation) and
vitamin D supplementation status (coded 0, 1) as covariates. P-values reported in the text are
for the effect estimates for gestational period. For Pearson's correlation, regression analysis,
and repeated measures, right-skewed variables were logyg transformed. Inorganic Hg was
estimated by subtraction (THg-MeHg); six negative values of blood IHg were assigned 0.
Before logo-transformation, a value of 0.001 was added to all blood IHg concentrations, so
these observations were not dropped. Diagnostics for model fit included examination of
residual plots to ensure assumptions for residuals were met (no evidence of non-linearity,
constant variance, and normal distribution).

One mother (3.6%) did not give blood, and two mothers (7.1%) did not complete the FFQ.
Blood THg and MeHg concentrations and total fish consumption (servings/weekly) were
imputed using multiple imputation based on the multivariate normal distribution (Schafer,
1997), conditional on maternal characteristics, and maternal stool, blood, and hair THg and
MeHg concentrations. As a sensitivity analysis, data were checked with and without imputed
observations, and results did not differ.

An alpha-level of 0.05 was used as a guide for statistical significance. Statistical analyses
were performed using Stata (Version 9.2, College Station, TX, USA), and the R-platform
(version 3.2.1) (R Core Team, 2017).

DNA extraction, sequencing, and bioinformatics

DNA isolation.—Maternal stool samples were shipped overnight in a Credo Cube to the
University of North Carolina at Chapel Hill Microbiome Core Facility. Genomic DNA was
isolated on a King Fisher Flex automated instrument (Thermo Fisher Scientific, Grand
Island, NY) using the MagMAX™ DNA protocol, following manufacturer's instructions
(see Appendix). The quality of the isolated DNA was assessed by agarose gel
electrophoresis and purity verified using 260/280 and 260/230 ratios measured by NanoDrop
1000 instrument (Thermo Fisher Scientific, Waltham, MA). DNA concentration was
quantified using Quant-iTTM PicoGreen dsDNA Reagent (Molecular Probes, Thermo
Fisher Scientific division, Eugene, OR). DNA was stored in elution buffer at —20°C prior
until further processing.
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16S rRNA amplicon sequencing.—DNA was amplified using primers targeting the
V1/V2 variable regions of the bacterial 16S rRNA gene on the Illumina MiSeq platform, as
previously described (Allali et al., 2017) (Table A3). The two Illumina sequencing runs
(MiSeql and MiSeq2) were converted to multiplexed Illumina version 1.9 FASTQ format
using CASAVA 1.8.2. Paired-end reads were joined and all downstream analyses were
performed using R statistical programming environment (version 3.4.1) (R Core Team,
2017).

Bioinformatics.—Bioinformatic analysis of bacterial 16S rRNA amplicon data was
conducted using R package DADAZ2 (version 1.5.2) (Callahan et al., 2016, 2017) and R
package phyloseq (version 1.22.3) (McMurdie and Holmes, 2013). The reads were assessed
for chimeras to identify side effects of incomplete PCR amplification. Approximately 200
taxa were identified to be chimeras and subsequently removed. A water sample was included
as negative control to account for the effects of possible sample handling contaminants. Any
amplicon sequence variants (ASVs) observed within negative control were subsequently
removed from all samples.

Alpha diversity (within person) was assessed using three indices, including the observed
number of species, the Shannon index, and Fisher's index. Fisher's index accounts for
species richness, i.e., number of species, while the Shannon index accounts for both richness
and evenness. Differences in alpha diversity between categorical variables were assessed
using Student's two-tailed t-test or ANOVA. Robust beta diversity analyses were performed
using an R implementation of multivariate Welch T2 test on Jansen-Shannon divergence
distances, and p-values were computed using permutation testing (Alekseyenko, 2016).

Pairwise associations between gut microbiota taxa and Hg parameters, as well as 25(OH)D
levels, were determined using Spearman's correlation. Multiple comparisons were checked
using the Benjamini-Hochberg False Discovery Rate (FDR) procedure (Yekutieli and
Benjamini, 1999); however there were no significant values after correction, assuming
g=0.20. Longitudinal changes in alpha diversity and gut microbial taxa were assessed using
a repeated measures mixed model, including gestational period and vitamin D
supplementation status as covariates, as described above. For gut microbial taxa, a value of
0.001 was added to the relative abundance before log;g-transformation, so that observations
with O relative abundance were not excluded.

Accession numbers

RESULTS

This study has been deposited to the U.S. National Institutes of Health Database for
Genotypes and Phenotypes (dbGaP) and the data are available through accession number
phs001768.v1.pl.

Longitudinal trends in Hg.

Summary statistics for all Hg biomarkers (stool, blood, hair, and meconium) are in Table 1.
For comparison, during early gestation median blood THg (0.63 pg/L, n=28) was lower
compared to the median value for reproductive age women enrolled in the U.S. National
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Health and Nutrition Examination Survey 2009-2010 (median: 0.84 ug/L, n=1786) (USEPA,
2013).

Median concentrations of blood THg, MeHg, and IHg decreased between early and late
gestation by 24%, 22%, and 72%, respectively (n=24-28). In stool samples, the same
parameters decreased by 32%, 16%, and 32%, respectively (n=24-28). Using a mixed model
adjusted for gestational period and vitamin D supplementation status, most biomarkers
(blood THg and IHg, and stool THg, MeHg, and IHg) were significantly lower during late
gestation compared to early gestation (when logqg-transformed) (p<0.05, n=52) (Table 2).
The exception was blood MeHg, which did not differ (when logo-transformed) (p=0.50,
n=52). The results for blood THg, MeHg, and IHg did not differ when using the hematocrit-
adjusted values (Table 2), suggesting the declines in blood THg and IHg between early/late
gestation were not entirely due to hemodilution. Logq hair THg concentrations did not
differ between the earliest gestational period, when compared to the other two gestational
periods (p=0.73-0.76, n=72). Stool IHg (% of THg) was previously correlated with the
MeHg excretion rate (Caito et al., 2018; Rand et al., 2016). In the present study, stool IHg
(% of THg) did not differ between early/late gestation (p=0.99, n=52). Vitamin D
supplementation status was non-significant in all models (p=0.42-0.98, n=50-72).

Associations between Hg parameters.

Mothers ingested on average 1.1 + 1.2 fish meals/weekly (n=28) (Table 3). Fish
consumption (servings/week) was strongly positively correlated with stool THg and MeHg,
blood THg and MeHg, and stool IHg during early gestation (Spearman's rho: 0.51-0.56,
p<0.01 for all, n=28), and was positively correlated with stool MeHg during late gestation
(Spearman's rho: 0.50, p<0.05, n=24) (Table A4). Fish consumption was also positively
correlated with meconium MeHg (Spearman's rho: 0.54, p<0.03, n=17) (Table A4). The
correlation between fish consumption and maternal hair THg increased between pre-
pregnancy, early gestation, and late gestation (Spearman's rho: 0.50, 0.61, and 0.63,
respectively, p<0.05, p<0.01, p<0.001, respectively, n=24 for each period). Hair THg reflects
average exposure over three months, while blood and stool Hg represents a single time point,
which potentially contributed to differences in their associations with fish consumption.

Stool and blood THg and MeHg were strongly correlated (Table A4); however, collection
dates differed on average by 3.7 weeks and 0.3 weeks for the first and second stool
collections, respectively (Table Al). Weighted linear regression was used to investigate this
further (Table A5). During early gestation, when the timeframe between stool and blood
collection was wider, the effect estimates for gestational period increased by 1.1-7.5%, and
the r-squared increased by 3—7%. During late gestation, the effect estimates decreased by
6.1% (for THg) and increased by 12% (for MeHg), while the r-squared increased by 1-10%.
Overall, the results did not differ between weighted and unweighted linear regression, i.e.,
THg and MeHg concentrations in blood and stool were strongly positively correlated during
both gestational periods. This may be attributed to the slow elimination rate of MeHg. The
mean biological half-life of MeHg is approximately 70 days, although reported values vary
from 35 to >150 days (Caito et al., 2018; Rand et al., 2016). Nearly all stool and blood
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samples were collected within 70 days of each other, while just one stool sample was
collected 78 days after the blood sample (Table Al).

Meconium Hg.

In comparison with other studies reporting meconium THg concentrations, the median
meconium THg concentration was similar to values reported in Austria (Gundacker et al.,
2010), and Manila, the Philippines (Ostrea et al., 2002), and 7.3-23 times lower compared to
values reported in Taiwan (Hsi et al., 2014; Jiang et al., 2010, 2014), Croatia (Knezovic et
al., 2016), China (Peng et al., 2015), and Tagum, the Philippines (Ramirez et al., 2000)
(Table AB). In five of the six latter studies, meconium was lyophilized, which would have
increased THg concentrations. To the best of our knowledge, there were no other studies
reporting meconium MeHg concentrations. Our results suggest the developing fetus
metabolizes MeHg, some of which is excreted.

Meconium MeHg was more strongly correlated with maternal blood MeHg during both
early and late gestation, compared to maternal stool MeHg (Table A4, Fig. 1). It was
surprising that associations between meconium and maternal stool and blood were similar
during early/late gestation. However, meconium is formed by the fetus as early as the 12th
week of gestation (Ostrea et al., 2006), which would have preceded the collection dates for
all stool samples and 18 (of 27) blood samples (Table Al).

Other covariates and Hg.

Vitamin D.

Among the covariates in Table 3, stool THg and stool IHg (early and late gestation) and
meconium THg were positively correlated with maternal amalgam fillings (Wilcoxon rank-
sum, p<0.05 for all, n=23-24 for stool, n=13 for meconium). Stool MeHg (during late
gestation) was associated with higher parity (Kruskal-Wallis, p=0.05, n=24). Blood THg and
MeHg concentrations (during late gestation) were higher among mothers with one previous
birth compared to mothers with no previous births and mothers with at least two previous
births (Kruskal-Wallis, p<0.05, n=24). First trimester BMI (continuous) was inversely
associated with meconium THg (Spearman's rho: —0.63, p<0.05, n=14). Blood THg and
MeHg were significantly higher among mothers who drank alcohol before becoming
pregnant compared to mothers who did not (Wilcoxon rank-sum, p<0.01, n=24 in total).
There were no other significant associations between parameters in Table 3 and Hg
biomarkers.

During early gestation (baseline), plasma 25(OH)D concentrations did not differ between
supplemented and control mothers (Wilcoxon rank-sum test, p=0.35, n=22). Plasma
25(0OH)D concentrations for all mothers increased between early and late gestation, due to
prenatal supplements (Table 1). As expected, 25(OH)D concentrations were significantly
higher during late gestation for supplemented mothers (4400 1U) compared to
unsupplemented mothers (400 1U) (Wilcoxon rank-sum test, p=0.05, n=21).

Concentrations of plasma 25(OH)D were positively correlated with fish consumption during
early gestation (Spearman's rho: 0.43, p<0.05, n=22) and borderline significant during late
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gestation (Spearman's rho: 0.42, p=0.06, n=21) (Table A4). Fish tissue is a source of vitamin
D (Wu et al., 2013), which explains why positive associations between 25(OH)D and fish
consumption were observed. Plasma 25(OH)D was positively correlated with stool MeHg,
blood THg and blood MeHg during early gestation (Spearman'’s rho: 0.45-0.52, p<0.05,
n=22-23), and was positively correlated with meconium MeHg during early and late
gestation (Spearman's rho: 0.59-0.76, p<0.05, n=12-14) (Table A4). During early gestation,
plasma 25(0OH)D was significantly higher for Caucasian mothers compared to African-
American and Hispanic mothers (ANOVA, p<0.05 for both, n=22); however, differences
were attenuated during late gestation (ANOVA, p=0.81-1.0 for all, n=21). During late
gestation, mothers gaining excessive weight had significantly higher 25(OH)D
concentrations compared to mothers gaining normal weight (ANOVA, p<0.05, n=21). All
mothers gaining excessive weight were Caucasian or Hispanic, which explains this
association. Four mothers that received antibiotic treatment between early and late gestation
had significantly higher 25(OH)D concentrations during late gestation (two-tailed t-test,
p<0.05, n=21).

Gut microbiota diversity.

After pre-processing, an average of 72,012 reads (range 16,719-750,420) were identified
across 2400 ASVs in all samples. During early and late gestation, five phyla comprised on
average 92% of gut microbiota: Firmicutes (early: 48%, late: 51%), Bacteroidetes (early:
33%, late: 26%), Actinobacteria (early: 4.1%, late: 6.7%), Proteobacteria (early: 3.5%, late:
4.5%), and Verrucomicrobia (early: 4.0%, late: 3.8%). Using a mixed model, Actinobacteria
significantly increased between early and late gestation (when logqo-transformed) (p<0.05,
n=52).

Alpha diversity was significantly lower during late gestation compared to early gestation for
the observed number of taxa and for Fisher's index, when using a mixed model (p<0.05 for
both, n=52) (Fig. Al). During early gestation, alpha diversity was higher for mothers with at
least two previous births compared to nulliparous mothers (for the observed number of taxa,
Shannon Index, and Fisher's index) (ANOVA, p<0.05 for all, n=28). However, differences in
parity were attenuated during late gestation using all three indices (ANOVA, p>0.85 for all,
n=24). Alpha diversity was significantly higher for mothers who attended college compared
to mothers who attended graduate school (late gestation), when using the observed number
of species and Fisher's index (ANOVA, p<0.05, n=24). Alpha diversity was higher for
mothers with amalgam fillings, using the observed number of species (late gestation) and
Fisher's index (early and late gestation) (two-tailed t-test, p<0.05, n=24-28).

Beta diversity patterns differed significantly between early and late gestation, when stratified
by mothers (Multivariate Welch T, test on Jansen-Shannon divergence distances, p=0.03,
n=52) (Fig. 2). Using pairwise associations, beta diversity patterns differed by race/ethnicity,
including Caucasian and Hispanic mothers (early and late gestation), African-American and
Hispanic mothers (early gestation), and Caucasian and African-American mothers (late
gestation) (T,,? test, p<0.05, n=24-28). Similar to alpha diversity, beta diversity patterns
differed between mothers with at least two previous births compared to nulliparous mothers
during early gestation only (T,,? test, p<0.05, n=28), while pairwise differences were no
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longer significant during late gestation (T,,? test, p=0.61, n=24). Beta diversity also differed
between mothers with amalgam fillings compared to no amalgams (early gestation only)
(T2 test, p<0.05, n=28).

Hg biomarkers (stool, blood, and hair) were dichotomized at the median, and alpha and beta
diversity values were compared between high/low Hg concentrations, during early and late
gestation (Table 4). The overall composition of the microbiome differed significantly
between high/low stool MeHg concentrations and high/low blood MeHg concentrations
during early gestation (T, test, p=0.01 and p=0.05, respectively); however, these
differences were attenuated during late gestation (p=0.86 and p=0.25, respectively). There
were no other differences between the composition of the microbiota in correlation to THg,
MeHg, and IHg concentrations in stool, blood, and hair during early or late gestation. For
the same dichotomized Hg parameters, alpha diversity patterns did not differ using all three
indices (Wilcoxon rank-sum test, p=0.10-0.95). These results support potential differences
in metabolism between Hg species (THg, MeHg, and IHg), and between early/late gestation.

As noted in the Methods, 20 (of 28) mothers were initially enrolled in a vitamin D
supplementation study, including nine mothers in the treatment group (n=8 mothers during
late gestation). When alpha and beta diversity patterns were compared by supplementation
status (late gestation only), we did not observe differences between treatment and control
groups (alpha diversity, Wilcoxon rank sum test, p=0.71-0.98 for all three indices, n=24;
beta diversity, T2 test, p=0.34, n=24). Using a mixed model, alpha diversity decreased over
time (using the observed number of species and Fisher's index) (p<0.05 for both, n=52),
while the effect estimate for vitamin D supplementation status was non-significant (p=0.20—
0.30, n=52). In addition, associations between 25(OH)D concentrations and alpha diversity
indices were non-significant during early gestation [Spearman's rho range: (-0.19, 0.13),
p=0.39-0.56, n=22] and late gestation [Spearman's rho range: (-0.12, 0.07), p=0.60-0.88,
n=21]. Therefore, observed changes in diversity patterns between early and late gestation
were not likely attributed to vitamin D supplementation. It is possible a larger sample size
may yield a different result.

Associations between gut microbiota and Hg parameters.

During early and late gestation, pairwise associations were assessed between seven Hg
parameters and the five most abundant phyla (Fig. 3). Hg parameters included 1) fish meals
(servings/week), 2) stool MeHg, 3) stool IHg, 4) stool IHg (% of THg), 5) meconium MeHg,
6) blood MeHg, and 7) blood IHg. Stool IHg was negatively correlated with the phylum
Bacteroidetes (early gestation) (Spearman's rho: —0.47, p<0.05, n=28). However, this
association was no longer significant during late gestation, and the direction of correlation
changed from negative to positive (Spearman's rho: 0.20, p=0.36, n=24). In total, 54%
(18/35) of the correlations between phyla and Hg parameters changed direction of
association between early and late gestation.

The same Hg parameters were compared with 23 taxa (at the genus or family level, average
relative abundance >1%) (Fig. 4). During early gestation, significant associations (positive
and negative) were observed between Hg parameters and the following six taxa:
Lachnoclostridium, Collinsella, Ruminococcaceae ucg002, Ruminococcaceae ucg013,
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Prevotella_9, and Streptococcus (Spearman's rho range: 10.39-0.601, p<0.05). During late
gestation, significant positive associations were observed between Hg parameters and the
following five taxa: Faecalibacterium, Lachnospiraceae_nk4al36, Megasphaera,
Ruminococcaceae ucg013, and Parabacteroides (Spearman's rho range: 0.44-0.59, p<0.05).
The direction of correlation changed for 43% (69/161) of the associations between gut
microbiota and Hg parameters, although a majority of these trends were non-significant.
Overall, the percentage of correlations that changed direction of association was higher for
stool (IHg and MeHg), compared to blood (IHg and MeHg) (52% versus 33%).

One question is whether the changes in associations between early/late gestation reflected
changes in taxa relative abundance, Hg parameters, or both. Using a mixed model, the
relative abundance for three (of 23) taxa increased or decreased between early and late
gestation, including two taxa significantly correlated with Hg biomarkers (when taxa were
logqg-transformed) (Ruminococcaceae _ucg002 and Megasphaera) (p=0.05, n=52). As noted
in Table 2, stool MeHg, stool IHg, and blood IHg decreased significantly between early/late
gestation, while stool IHg (% of THg) and blood MeHg did not differ between early/late
gestation. In addition, meconium was collected once, and mothers were queried just one
time concerning fish consumption, and therefore, there were no differences between early/
late gestation.

Changes in nine (of 17) associations between early/late gestation possibly reflected shifts in
the relative abundance of the taxa, or a decrease in the concentration of the Hg parameter, or
both. The exceptions included the associations between Ruminococcaceae ucg013and
meconium MeHg (early gestation), Prevotella_9and stool IHg (% of THg) (early gestation),
Collinsella and blood MeHg (early gestation), Streptococcus and fish meals (early
gestation), Faecalibacterium and meconium MeHg (late gestation),
Lachnospiraceae_nk4al36and meconium MeHg (late gestation), Parabacteroides and blood
MeHg (late gestation), and Parabacteroides and stool IHg (% of THg) (late gestation). Of
these seven taxa, Ruminococcaceae ucg013, Collinsella, Faecalibacterium, Prevotella 9,
and Parabacteroides did not differ between early/late gestation (when log;o-transformed,
using a mixed model) (p=0.46-0.82, n=52), while Streptococcus and
Lachnospiraceae_nk4al36 differed during late gestation, but not significantly (when logqg-
transformed, using a mixed model) (p=0.06 for both, n=52). Results suggested in six cases
(or eight, including Strepfococcus and Lachnospiraceae nk4al36), changes in Spearman's
correlation between early/late gestation potentially reflected a random shift in the gut
microbiota, which altered the associations with these Hg parameters.

Gut microbiota and vitamin D.

Pairwise associations were also assessed between plasma 25(OH)D concentrations and the
relative abundances of five phyla (Fig. 3). There were no significant associations between
phyla and 25(OH)D concentrations, and just one (20%) association changed the direction of
correlation between early and late gestation.

When compared with 23 taxa (Fig. 4), during early gestation, 25(OH)D was significantly
inversely associated with Bifidobacterium and positively correlated with Lachnoclostridium
(Spearman's rho = —0.49 and 0.45, respectively, p<0.05 for both, n=22). During late
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gestation, 25(0OH)D was inversely associated with Fusicatenibacter (Spearman's rho: —0.51,
p<0.05, n=21). Of the three taxa, only Bifidobacterium significantly changed between early
and late gestation (increasing in relative abundance) (when logqo-transformed) (p<0.01,
n=52). Similar to Hg parameters, 10 (of 23) (43%) pairwise associations reversed direction
of association between early and late gestation.

DISCUSSION

Longitudinal trends in Hg biomarkers.

Most Hg biomarkers (stool and blood) significantly decreased between early and late
gestation. On average, blood MeHg also decreased; however, the trend was non-significant.
Differences in blood Hg between early/late gestation were not entirely due to hemodilution.
Mothers completed the FFQ just one time (after the first stool collection), and therefore it is
uncertain whether fish consumption was reduced. However, maternal diets do not change
much from early to late pregnancy, including fish consumption (Crozier et al., 2009). In
addition, blood MeHg would have likely significantly decreased if mothers reduced their
fish consumption.

Longitudinal trends in gut microbiota.

Gut microbiota is considered stable over time (David et al., 2014; Faith et al., 2013).
However, during pregnancy the structure and function of maternal gut microbial
communities may change, potentially reflecting the energy and nutritional requirements of
the developing fetus (Koren et al., 2012). In a study of 91 Finnish pregnant mothers, changes
in gut microbiota were reported between the first and third trimesters, including greater
diversity, reduced species richness, and increases in the phyla, Proteobacteriaand
Actinobacteria (Koren et al., 2012). Conversely, among 40 pregnant mothers in California,
USA, no changes were observed in gut microbiota (collected weekly) from early to late
pregnancy, including alpha diversity, beta diversity, and taxonomic composition of
communities (DiGiulio et al., 2015). Likewise, in stool samples collected from 86
Norwegian mothers during early and late gestation, maternal microbial composition was
stable (Avershina et al., 2014). Differences between studies investigating longitudinal trends
during pregnancy have been attributed to diet, or BMI, or other environmental factors, which
influence the gut microbiome (Walker et al., 2017).

In the present study, alpha diversity (using two indices) and beta diversity patterns (stratified
by mothers) differed between early and late gestation, including greater abundance of the
phylum, Actinobacteria, similar to Koren et al. (2012). These trends persisted after
controlling for maternal vitamin D supplementation status. More importantly, associations
between intestinal taxa and Hg biomarkers also changed between early/late gestation. Most
Hg biomarkers decreased between early/late gestation, and these declines would presumably
not change the direction of association with intestinal taxa. However, 45% of the
associations between gut taxa (genus or family level) and Hg biomarkers reversed direction.
These results are suggestive that remodeling of the host microbiota during pregnancy
potentially contributed to changes in associations with Hg biomarkers.
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Gut microbiota and Hg biomarkers.

It is possible the associations between Hg biomarkers and gut taxa may reflect contributions
of gut microbiota to MeHg metabolism. As noted above, stool IHg (% of THg) is positively
associated with the MeHg elimination rate (Caito et al., 2018; Rand et al., 2016). During
early gestation, stool IHg (% of THg) was significantly positively correlated with the relative
abundance of Prevotella_9. Prevotellaspp. are associated with a high-fiber, plant-based diet
(Jeffrey and O'Toole, 2013). For example, Prevotella_9includes the species, Prevotella
coprf; using an in vitro model, the addition of insoluble wheat bran particles was associated
with an enrichment of 2. copri (De Paepe et al., 2018). Among 39 healthy adults, ingestion
of barley bread improved glucose metabolism and was associated with enrichment of 2
copri (Kovatcheva-Datchary et al., 2015). Our results suggest that mothers ingesting a high-
fiber plant-based diet may also have significantly higher MeHg elimination rates. This is
consistent with earlier Hg studies, which reported high-fiber diets (in animals) and higher
fruit consumption (in humans) were associated with lower concentrations of MeHg in
biomarkers and tissues (Passos et al., 2007; Rowland et al, 1986). However, the association
between stool IHg (% of THg) and Prevotella_9was attenuated during late gestation,
suggesting this potential protective effect was limited to early gestation.

During early gestation, blood MeHg and meconium MeHg were negatively correlated with
members of the Ruminococcaceae ucg002 family. In the human gut, several strains of
Ruminococcacea produce butyrate, which serves as an energy source for coloncytes, and
contributes to maintaining gut homeostasis (Vital et al., 2014). Ruminococcaceae is also
associated with fiber-degradation (Gamage et al., 2017). These results support the
hypothesis that a fiber-rich diet may reduce prenatal MeHg exposure (Rowland et al., 1986);
however, associations between Ruminococcaceae ucg002and MeHg biomarkers were
attenuated during late gestation.

During late gestation, stool IHg (continuous), stool IHg (% of THg), and blood MeHg were
significantly positively correlated with the relative abundance of Parabacteroides. Other
researchers reported Parabacteroides spp. were enriched following an increase in
monounsaturated fats, although the function of Parabacteroides was unknown (Pu et al.,
2016). It is unclear why all three Hg parameters had strong positive associations with
Parabacteroides, given that stool IHg (% of THQ) is associated with the MeHg excretion rate,
while blood MeHg suggests higher MeHg exposure.

Gut microbiota and vitamin D.

It is notable that the genus Bifidobacterium was not strongly correlated with Hg parameters
during early or late gestation. In the present study, Bifidobacterium was significantly
inversely correlated with 25(OH)D during early gestation. Similarly, an inverse association
between serum 25(0OH)D and the relative abundance of Bifidobacterium in gut microbiota
was observed among 150 non-pregnant adults, in both unadjusted models and models
adjusted for age, sex, BMI, and season (Luthold et al., 2017). Among 913 one-month old
infants, there was a statistically significant inverse association between infant gut
Bifidobacterium spp. and maternal plasma 25(OH)D quintiles (assessed at 36 weeks
gestation) (Talsness et al., 2017).
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During the first few months of life, Bifidobacterium is one of the dominant taxa in the infant
gut, which is attributed to its ability to digest breast milk oligosaccharides (LaTuga et al.,
2014). In a comparison of maternal feces, breast milk, and neonatal feces (feces collected 10
days postpartum), Bifidobacterium was one of the few taxa observed in all three matrices,
suggesting vertical transfer of maternal gut microbiota to the neonate gut (Jost et al., 2014).
In the present study, during late gestation, the inverse association between Bifidobacterium
and maternal plasma 25(OH)D levels was attenuated, which would be considered beneficial
to neonatal health.

This study has several strengths; however, there are some limitations to note. First, primers
targeted the VV1/V2 variable regions of the 16S rRNA gene, which did not amplify Archaea
(Wear et al., 2018). Therefore it was not possible to detect one commensal methanogen (M.
luminyensis), which has the potential to methylate IHg (Parks et al., 2013). However, the
contribution of M. luminyensis to stool MeHg was non-detectable in several studies (Podar
et al., 2015; Rothenberg et al., 2016), suggesting minimal impact on our results. Also, we do
not anticipate the choice of the primer to impact the main results of the study, i.e.,
longitudinal trends in microbe-biomarker associations. Second, associations between gut
taxa and Hg biomarkers were non-significant at a FDR of 20%; however modest
associations (in Figs. 3 & 4) were suggestive that correlations between Hg biomarkers and
gut taxa differed between early/late gestation, and should be further investigated.
Correlations were observed between Hg biomarkers and gut taxa, which are frequently
associated with a high fiber, plant-based diet. However, we did not have detailed dietary data
(fiber intake, etc.) to test this hypothesis, which should be confirmed in future studies.
Strengths of the study included collection of maternal biomarkers (stool and blood) at two
time points, and analysis of THg and MeHg concentrations in maternal blood, maternal
stool, and meconium. Many studies rely on concentrations of THg as an estimate of MeHg;
however, our results demonstrate that associations between Hg parameters and gut
microbiota will be missed if MeHg is not analyzed.

Conclusions.

During pregnancy, associations between MeHg biomarkers and gut taxa differed between
early and late gestation, which may have implications for reducing fetal MeHg exposure. In
animal and human studies, co-consumption of certain foods (e.g., fruit, fiber, or yogurt) was
associated with lower MeHg exposure (Bisanz et al., 2014; Passos et al., 2007; Rowland et
al., 1986). However, our results suggest dietary interventions to reduce prenatal MeHg
exposure may be limited to certain windows, thus hindering their effectiveness. Early
gestation may be a more effective window; however, fetal brain growth is more rapid during
the third trimester. More studies are needed to optimize the timing of dietary interventions to
reduce prenatal MeHg exposure.
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Highlights
Pregnant mothers donated blood and stool samples during early/late gestation.

Total mercury and methylmercury (MeHg) were determined in both biomarkers.

Gut microbiota community structure was determined using 16S rRNA gene profiling.

Within- and between-person diversity patterns differed between early/late gestation.

Associations between gut microbiota and MeHg biomarkers differed longitudinally.
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Figure 1.

Bivariate associations between logig meconium MeHg and a) logig maternal blood MeHg
and b) logyg maternal stool MeHg. Maternal stool and blood samples were collected during
early (black circles, solid line) and late (open circles, broken line) gestation (n=17 paired
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samples at each time point). P-values are for Pearson's correlation.
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Figure 2.
Within class Principal Coordinate Analysis (PCoA) showing community structure (-

diversity) assessed by Jensen-Shannon diversity distances controlling for subject effect.
Composition of bacterial communities during late gestation (n=24) were significantly
different compared to early gestation (n=28) when accounting for the repeated measures of
same subjects (T2 test, p=0.03).
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Figure 3.
Spearman's correlation between gut microbiota phyla, and fish meals (meals/weekly), stool

methylmercury (MeHg) (ng/g), stool inorganic mercury (IHg) (ng/g), stool IHg (% of THg),
meconium (Mec) MeHg, blood MeHg (ug/L), blood IHg (ug/L), and plasma vitamin D (25-
hydroxy-vitamin D) (ng/mL), during a) early gestation and b) late gestation. During early
gestation n=28, except vitamin D (n=22), and meconium MeHg (n=17). During late
gestation n=24, except vitamin D (n=21), and meconium (n=17). Note that fish meals and
meconium did not differ between early and late gestation, whereas biomarkers for stool and
blood MeHg and IHg, and plasma vitamin D were analyzed at each time point. "x" p<0.05.
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Spearman's correlation between gut microbiota taxa (family or genus level, >1% average
abundance), and fish meals (meals/weekly), stool methylmercury (MeHg) (ng/g), stool
inorganic mercury (IHg) (ng/g), stool IHg (% of THg), meconium (Mec) MeHg, blood
MeHg (ug/L), blood IHg (ug/L), and plasma vitamin D (25-hydroxy-vitamin D) (ng/mL),
during a) early gestation and b) late gestation. During early gestation n=28, except vitamin
D (n=22), and meconium MeHg (n=17). During late gestation n=24, except vitamin D
(n=21), and meconium (n=17). Note that fish meals and meconium did not differ between
early and late gestation, whereas biomarkers for stool and blood MeHg and IHg, and plasma
vitamin D were analyzed at each time point. "x" p<0.05, "xx" p<0.01.
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Results for repeated measures mixed model, relating biomarkers (dependent variables) with gestational period

and vitamin D supplementation status (independent variables) (n=52 for stool and blood, n=50 for blood
normalized, n=72 for hair).

Dependent variable Gestational Beta (95% ClI)

period
Logyq Stool THg Early Referent

Late -0.19 (-0.35, —0.03) ™
Log;q Stool MeHg Early Referent

Late -0.29 (-0.56, —0.03) *
Logyq Stool IHg Early Referent

Late -0.19 (-0.35, —0.03) ™
Stool Percent IHg Early Referent

Late 0.002 (-0.19, 0.19)
Log;o Blood THg Early Referent

Late -0.14 (<0.25, —0.02) ©
Log;oBlood MeHg Early Referent

Late -0.04 (-0.16, 0.08)
Log;oBlood IHg Early Referent

Late -0.62 (-1.1, -0.18)
Log; Blood THg, normalizedl Barly Referent

Late -0.13 (-0.25, —0.02) ©
Log;q Blood MeHg, normalized1 Barly Referent

Late -0.04 (-0.16, 0.09)
Logyo Blood IHg, normalized1 Barly Referent

Late -0.68 (-1.2, -0.16) *

LogsoHair THg

Pre-pregnancy

Referent

Early

-0.02 (-0.14, 0.10)

Late

0.02 (-0.12, 0.16)

*
p<0.05,

*:

'ZNormaIized = 100*(blood mercury/hematocrit)
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Table 3.
Maternal characteristics, including comparison between vitamin D supplemented and unsupplemented
mothers (n=28 mothers total).l
All Supplemented Unsupplemented
(n=28) (n=9) (n=19)
Mean £ 1 SD Mean + 1 SD (range) Mean £ 1 SD p-
(range) or N (%) or N (%) (range) or N (%) value2
Age (years) 31+6.5 (19, 42) 30 6.0 (21, 41) 31+6.9(19,42) | 0.46
First trimester BMI (kg/m?) 29+7.1(18,51) 28 +8.0 (18, 45) 29 +6.8 (20, 51) 0.17
Weight change (kg) 8.6 +4.4 (-2, 18) 8.0 £4.7 (-2, 18) 9.7+4.0(45,17) | 0.29
Fish consumption (servings/weekly) 11+11(0,4.1) 11+1.1(0,4.1) 1.0+£1.1(0,4.1) 0.98
Fish consumption (servings/weekly)
0-0.9 17 (61) 6 (67) 11 (58) 0.53
1-1.9 7(25) 1(11) 6 (32)
22 4 (14) 2(22) 2(11)
Ethnicity/Race
African-American 5(18) 1(11) 4(21) 0.54
Caucasian 8 (29) 4 (44) 4(21)
Hispanic 15 (54) 4 (44) 11 (58)
Education
= High school 18 (64) 5 (56) 13 (68) 0.73
College (some or completed) 5 (18) 2(22) 3(16)
Graduate school 5(18) 2(22) 3(16)
Parity
0 4(14) 1(11) 3(16) 1.0
1 11 (39) 4 (44) 7(37)
2-5 13 (46) 4(44) 9 (47)
BMI class
Underweight or normal weight 8(29) 4 (44) 4(21) 0.53
Overweight 11 (39) 3(33) 8 (42)
Obese 9(32) 2(22) 7(37)
10M weight class
Below 10 (42) 5 (63) 5(31) 0.30
Within 11 (46) 2(25) 9 (56)
Above 3(13) 1(13) 2 (13)
Antibiotic treatment between first and second stool
collection
0 times 22 (85) 5 (63) 17 (94) 0.07
1-4 times 4 (15) 3(38) 1(5.6)

Flu vaccine between first and second stool collection

Environ Res. Author manuscript; available in PMC 2020 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Rothenberg et al.

Page 29

All Supplemented Unsupplemented
(n=28) (n=9) (n=19)
Mean £ 1 SD Mean + 1 SD (range) Mean £ 1 SD p-
(range) or N (%) or N (%) (range) or N (%) valuez
No 21 (88) 6 (86) 15 (88) 0.66
Yes 3(13) 1(14) 2(12)
Did you drink alcohol prior to this pregnancy
No 22 (79) 6 (67) 16 (84) 0.28
Yes 6 (21) 3(33) 3(16)
Were you ever a smoker?
No 23 (82) 7(78) 16 (84) 0.53
Yes 5 (18) 2(22) 3(16)
Do you have amalgam fillings?
No 13 (54) 3(38) 10 (63) 0.39
Yes 11 (46) 5 (63) 6 (38)

BMI (Body mass index), IOM (Institute of Medicine)

1 . . . -
Sample size for weight change, IOM weight class, and amalgam fillings: all (n=24), supplemented (n=8), and unsupplemented (n=16). Sample
size for antibiotic treatment: all (n=26), supplemented (n=8), and unsupplemented (n=18). Sample size for flu vaccine: all (n=24), supplemented

(n=7), and unsupplemented (n=17).

2 . ] ’
p-value is for Wilcoxon rank sum test or Fisher's exact test.
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Table 4.

Comparison of beta diversity patterns between early/late gestation using dichotomized mercury biomarkers,
and multivariate Welch T,,2 test on Jansen-Shannon divergence distances.

Early Late
T2 statistic | p-value | Tw?statistic | p-value
Blood (ug/L) N=28 N=24
THg 1.00 0.45 0.86 0.67
MeHg 1.49 0.05" 115 0.25
IHg 1.00 0.45 1.13 0.29
Stool (ng/g) N=28 N=28
THg 1.30 0.13 0.73 0.85
MeHg 1.77 0.017 0.73 0.86
IHg 1.30 0.13 0.73 0.85
Hair (ug/g) N=24 N=24
THg 121 0.21 1.03 0.41

IHg (THg - MeHg), MeHg (methylmercury), THg (total mercury),

*
p<0.05

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

*:

*
p<0.01
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