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Abstract

The oral microbiome has been linked to a number of chronic inflammatory conditions,

including obesity, diabetes, periodontitis, and cancers of the stomach and liver. These con-

ditions disproportionately affect Mexican American women, yet few studies have examined

the oral microbiota in this at-risk group. We characterized the 16S rDNA oral microbiome in

369 non-smoking women enrolled in the MD Anderson Mano a Mano Mexican American

Cohort Study. Lower bacterial diversity, a potential indicator of oral health, was associated

with increased age and length of US residency among recent immigrants. Grouping women

by overarching bacterial community type (e.g., “Streptococcus,” “Fusobacterium,” and “Pre-

votella” clusters), we observed differences across a number of acculturation-related vari-

ables, including nativity, age at immigration, time in the US, country of longest residence,

and a multi-dimensional acculturation scale. Participants in the cluster typified by higher

abundance of Streptococcus spp. exhibited the lowest bacterial diversity and appeared the

most acculturated as compared to women in the “Prevotella” group. Computationally-pre-

dicted functional analysis suggested the Streptococcus-dominated bacterial community had

greater potential for carbohydrate metabolism while biosynthesis of essential amino acids

and nitrogen metabolism prevailed among the Prevotella-high group. Findings suggest

immigration and adaption to life in the US, a well-established mediator of disease risk, is

associated with differences in oral microbial profiles in Mexican American women. These

results warrant further investigation into the joint and modifying effects of acculturation and

oral bacteria on the health of Mexican American women and other immigrant populations.

The oral microbiome presents an easily accessible biomarker of disease risk, spanning bio-

logical, behavioral, and environmental factors.

Introduction

Hispanics/Latinos comprise nearly 18% of the US population and more than 35% of the state

populations of Texas, New Mexico, and California [1]. The majority of US Latinos are first and
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second generation immigrants of Mexican origin [2,3]. Nearly half of Mexican American

women are obese, and 27% do not have health insurance [4]. Hence, it is not surprising that

Mexican American women suffer from disproportionate rates of a number of prominent

health conditions related to obesity and/or chronic infection, including diabetes [4], uncon-

trolled hypertension [4], and cancers of the uterine cervix, stomach, and liver [5,6]. Accultura-

tion, the process by which immigrants adapt to a new culture through changes in beliefs and

behaviors, is associated with increased rates of obesity [7–9], diabetes [10,11], and cardiovascu-

lar risk factors [12,13]—all of which contribute to health disparities and chronic disease bur-

den in this population.

The oral microbiome and its role in health and disease is a rapidly progressing research

area with the potential to transform approaches to major public health problems currently fac-

ing Mexican American women; however, few studies have investigated the oral microbiota in

this at-risk group. Emerging evidence links poor oral health to increased risk of cardiovascular

disease [14,15], rheumatoid arthritis [16], and several cancers [17]. While the specific role of

the oral microbiota remains unclear, research suggests bacteria in the oral cavity may influence

disease by modulating inflammation and genome stability [18]. The oral microbiome is rela-

tively stable throughout adult life [19–21], but inter- and intra-individual variations have been

linked to tobacco use [22], diet [23], and oral hygiene [24–26]. Differences by geography and

culture, which may reflect variation in diet, host genetics, or other factors, have also been

observed [27–29]. Hence, the oral microbiome is poised to become a promising and easily

accessible biomarker, potentially reflecting the intersection of biological, behavioral, and envi-

ronmental risk factors that we cannot comprehensively measure or quantify in human epide-

miologic studies.

We characterized the 16S oral microbiome in a group of 369 first and second generation

Mexican American women enrolled in the MD Anderson Mano a Mano Mexican American

Cohort Study (MACS) [30], a large prospective study of the genetic, social, and behavioral risk

factors that contribute to cancer and chronic disease risk in the Mexican American population

of Houston, Texas. We investigated the oral microbiota with respect to baseline demographic,

acculturation, and health-related risk factors. Understanding these relationships will improve

our knowledge of the oral microbiome and its potential as a biomarker of exposures and/or

subsequent disease in Mexican American women.

Materials and methods

Study population and sample collection

The MD Anderson MACS cohort is an ongoing (enrollment 2001-) prospective, population-

based study of predominantly low income, first generation immigrants of Mexican origin

residing in the greater Houston metropolitan area [30]. All procedures in the current study as

well as the parent Cohort were approved by the University of Texas MD Anderson Institu-

tional Review Board and carried out in accordance with the appropriate regulations. Cohort

participants provided written informed consent in the language of their choosing, English or

Spanish. Upon enrollment, a baseline in-home interview consisting of questionnaires, mea-

surement of height and weight, and biospecimen collection was conducted. Linguistic accul-

turation was measured using eight items from the Bidimensional Acculturation Scale for

Hispanics [31]. Specifically, participants were asked how frequently they spoke, read, watched

television programs, and listened to radio programs in English and Spanish. Responses were

scored for each dimension. Over 85% of participants in the current study were classified as

having high Hispanic acculturation; hence, analysis was limited to acculturation in the English

dimension only. A query on food acculturation from the Cultural Life Style Inventory [32] was
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added to the baseline questionnaire in 2006. Physical activity was measured using an instru-

ment derived from the California Teachers Study survey [33]. Further details of the MACS

study can be found elsewhere [30].

For the current study, we randomly selected 375 adult women participating in the MACS

cohort who met the following criteria: never smoker, not currently pregnant, and age�20

years at enrollment. Selection was further refined to those with complete data across key vari-

ables of interest. Current and former tobacco users were excluded to focus on associations

with other, less known factors. Participants in the current study were characteristically similar

to all women in the overall cohort [30], over 80% of whom are never smokers. Participant

demographic data are available in S1 File.

Oral mouthwash samples, originally collected and processed at baseline for the primary

purpose of human genetic association studies, were used for microbial analysis. Briefly, partici-

pants were asked to swish an alcohol-based mouthwash for 30 seconds, after which samples

were collected and transported on ice to the laboratory where cellular content was isolated and

resuspended in TE buffer. Samples were frozen at -80˚C, where they remained until the point

of processing for microbial 16S rDNA sequencing.

Laboratory methods/16S sequencing

DNA was extracted from the oral mouthwash cellular matter using the MoBio PowerSoil DNA

isolation kit following manufacturer’s instructions. 16S rDNA sequencing was performed

using Illumina MiSeq with barcoded primers targeting the V4 region: GGACTACHVGGGTWTC
TAAT and GTGCCAGCMGCCGCGGTAA [34]. Raw sequences were merged and quality filtered

using USEARCH [35]. Parameters for merging included minimum overlap of 50 base pairs,

zero mismatches, and truncation quality value of 5. Quality filtering allowed for a maximum

expected error rate of 0.05. Illumina PhiX control sequences were removed with Bowtie2

[36]. All remaining sequences were subsequently clustered into operational taxonomic units

(OTUs), with chimera removal using UPARSE [37]. Taxonomy assignment was performed

closed-reference against the SILVA database (release 123) at 97% identity, resulting in

7,083,883 total reads (median 18,190 reads/sample). Samples that produced fewer than 4,000

reads were excluded from subsequent analysis. The remaining samples (n = 369) were rarefied

to 7,600 reads/sample. UPARSE centroid OTU sequences were queried via Basic Local Align-

ment Search Tool (BLAST) [38] to identify likely representative bacterial species. A rarefied

OTU table with the associated centroid sequences is available in S2 File. Bacterial functional

capabilities were imputed using Tax4Fun [39], an algorithm using phylogenetic relationships

to predict gene content, ultimately assigning functional pathways using the Kyoto Encyclope-

dia of Genes and Genomes [40,41].

Statistical analysis

Bacterial alpha diversity was measured using observed OTU (total number of unique OTUs

per sample), Chao1 index, and Shannon diversity index. Differences in alpha diversity by

demographic and health behavior variables were analyzed by ANOVA or linear regression.

Beta diversity was measured using Bray-Curtis dissimilarity distance and analyzed via permu-

tational multivariate analysis of variance. Sparse Correlations for Compositional data

(SparCC) [42], which accounts for the compositional nature of 16S sequencing, was used to

identify bacterial co-occurrence using false discovery rate Q = 0.01. Microbiota-derived clus-

tering was performed using Dirichlet multinomial mixtures (DMM) modeling [43]. To ensure

cluster consistency, the DMM algorithm was repeated in 20 separate datasets at various levels

of rarefaction (3,000–15,000 reads/sample). Seventy percent of datasets indicated three as the
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optimum number of clusters; thus, we generated three clusters for the dataset analyzed here.

Differences in demographic risk factors across bacterial cluster were tabulated via contingency

table and assessed via Pearson’s chi-square. Differentially abundant bacterial taxa and putative

functional content of clusters were determined using Linear Discriminant Analysis (LDA)

Effect Size (LEfSe) [44], applying the one-against-all strategy with a minimum logarithmic

LDA score (i.e., biomarker effect size) of 2.5 and α = 1E-5. Statistical analyses were performed

using SAGE Microbiome Explorer [45], R [46], or STATA 14 (StataCorp LP; College Station,

TX), as appropriate.

Results

Participant characteristics

Baseline characteristics of the 369 non-smoking Mexican American women are detailed in

Table 1. Median age was 39 years (range 20–78 years; birth years 1929–1989), more than 75%

were currently married, and 50% had less than a high school education. The majority (80%)

were born in Mexico, but of these, 52% had lived in the US for 15 years or more (immigration

year range 1959–2009 for all participants). Rates of overweight and obesity were 36% and 47%,

respectively—similar to those of the overall MACS cohort [30] and Mexican American women

nationally [4].

A core oral microbiome

A total of 511 unique OTUs, a proxy for bacterial species, were detected in participant mouth-

wash samples using 16S rRNA gene sequencing (average 97 OTUs/sample). Assigning OTUs

at the genus level, we identified a core oral microbiome defined by 18 genera detected in 98%

or more of samples (Fig 1A). Consistent with other large-scale studies of the oral microbiota

[28,29,47], Streptococcus was the most abundant genus, with mean (SD) relative abundance of

37% (12%). Prevotella_7 (11%), Haemophilus (10%), Veillonella (6%), and Neisseria (5%) com-

pleted the top five. Other core bacteria included, in order of relative abundance, Gemella,

Rothia, Fusobacterium, Prevotella, Alloprevotella, Actinomyces, Porphyromonas, Granulicatella,

Leptotrichia, Bergeyella, Campylobacter, Capnocytophaga, and Oribacterium. Current classifica-

tion using the SILVA rRNA gene database differentiates Prevotella from Prevotella_7 by OTU

content. Taxa abundance was marked by considerable inter-individual variability (Fig 1A and

1B), with core genera accounting for 65.2%-99.7% of sequences/sample in all but one person.

Host-microbiome relationships: Bacterial alpha diversity

We evaluated bacterial alpha diversity with respect to several key demographic and health

behavior variables. Notably, age was inversely associated with taxonomic richness as measured

by observed OTU and Chao index (P<0.01) (Table 1 and S1 Table). This relationship appeared

more pronounced in those having lived longer in the US than Mexico, regardless of country of

birth (S1 Fig). However, the magnitudes of correlation were modest (observed OTU, r = -0.28;

Chao, r = -0.32) and not observed with Shannon diversity (S2 Table and S1 Fig).

Among women born and/or raised in Mexico, taxonomic richness was also inversely corre-

lated with years lived in the US (Table 1). Adjustment for age at sample collection attenuated

this association but strengthened the relationship between observed OTU and age at immigra-

tion. Taxonomic richness was 16% higher among those immigrating at or after age 30 com-

pared with those arriving at age 18 or prior (88.6 vs 102.8 OTUs, P = 0.02). Additional

adjustment for educational attainment, a proxy for socioeconomic status, did not meaningfully

change these relationships. Of the remaining variables examined, including educational
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Table 1. Observed OTUs by demographic characteristics in Mexican American women (N = 369 unless otherwise indicated).

Unadjusted Adjusted for age Adjusted for age & education

N (%)a Mean (SE) P Mean (SE) P Mean (SE) P
Age (years)

20–29 47 (12.7) 106.1 (3.9)

30–39 148 (40.1) 98.3 (2.2)

40–49 94 (25.5) 98.5 (2.8) <0.01

�50 80 (21.7) 87.3 (3.0)

Education level

< High school 183 (49.6) 98.3 (2.0) 0.62 99.0 (2.0) 0.32

High school diploma or equivalent 87 (23.6) 95.1 (2.9) 94.3 (2.9)

> High school 97 (26.3) 95.9 (2.8) 95.4 (2.7)

Marital status

Married 279 (75.6) 97.6 (1.6) 0.31 96.9 (1.6) 0.91 96.2 (1.7) 0.99

Not married 89 (24.1) 94.3 (2.9) 96.5 (2.9) 96.1 (2.9)

Country of birth

Mexico 294 (79.7) 97.7 (1.6) 0.28 97.6 (1.6) 0.33 96.8 (1.7) 0.48

US 75 (20.3) 93.9 (3.1) 94.3 (3.1) 94.3 (3.1)

Country of longest residence

Mexico 216 (58.5) 99.7 (1.8) 0.02 98.9 (1.8) 0.11 97.9 (2.0) 0.21

US 153 (41.5) 93.0 (2.2) 94.3 (2.2) 94.2 (2.2)

Age of immigration (years)b

0–18 71 (23.7) 92.1 (3.2) 0.27 88.6 (3.3) 0.02 88.5 (3.4) 0.02

19–24 95 (31.7) 98.5 (2.8) 96.5 (2.8) 96.1 (2.9)

25–29 60 (20.0) 100.9 (3.5) 102.4 (3.5) 101.8 (3.6)

�30 74 (24.7) 98.2 (3.2) 102.8 (3.4) 102.2 (3.5)

Time in US (years)b

<5 23 (7.7) 110.9 (5.6) 0.01 110.0 (5.8) 0.10 109.3 (5.9) 0.14

5–9 48 (16.0) 99.5 (3.9) 98.9 (4.0) 98.6 (4.0)

10–14 72 (24.0) 101.4 (3.2) 101.1 (3.2) 100.5 (3.4)

15–19 70 (23.3) 97.0 (3.2) 96.6 (3.3) 95.9 (3.4)

20–24 28 (9.3) 93.0 (5.1) 93.5 (5.1) 93.3 (5.2)

�25 59 (19.7) 88.1 (3.5) 89.5 (4.0) 89.5 (4.1)

English acculturation score

1–1.75 152 (41.2) 99.1 (2.2) 0.20 99.6 (2.2) 0.15 98.6 (2.5) 0.27

2–2.75 109 (29.5) 98.0 (2.6) 97.5 (2.6) 97.6 (2.6)

3–4 106 (28.7) 93.1 (2.6) 93.0 (2.6) 92.9 (2.6)

Food acculturationc

Only Mexican foods 55 (16.5) 101.2 (3.5) 0.14 100.9 (3.4) 0.16 99.4 (3.6) 0.28

Mostly Mexican foods 117 (35.1) 97.4 (2.4) 97.3 (2.4) 96.7 (2.4)

Mix /Mostly American/Other 161 (48.3) 93.5 (2.0) 93.6 (2.0) 93.3 (2.0)

History of alcohol consumption

No 310 (84.0) 97.9 (1.5) 0.12 98.0 (1.5) 0.08 97.3 (1.6) 0.12

Yes 59 (16.0) 91.9 (3.5) 91.4 (3.5) 91.3 (3.5)

History of farm work

No 284 (77.0) 97.5 (1.6) 0.49 97.2 (1.6) 0.70 96.6 (1.6) 0.61

Yes 85 (23.0) 95.2 (3.0) 96.0 (2.9) 94.9 (3.0)

BMI (kg/m2)

(Continued)
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attainment, marital status, country of birth, history of farm work, alcohol consumption, body

mass index (BMI), physical activity, and two acculturation metrics representing English lin-

guistic acculturation [31] and the type of food typically eaten at home [32], none were associ-

ated with alpha diversity in univariate or multivariate analyses.

Host-microbiome relationships: Bacterial communities

SparCC bacterial correlation analysis [42] indicated strong potential for differential bacterial

community structure (S2 Fig). Hence, we used DMM modeling [43] to cluster samples on the

basis of their oral microbiota into three oral community types. Beta diversity assessment indi-

cated overlapping yet distinct bacterial conent in each community (Fig 2). Communities were

named “Streptococcus,” “Fusobacterium,” or “Prevotella” based on the foremost differentially

abundant OTU as identified by LEfSe [44] (Fig 3A and S3 Table). Bacterial alpha diversity var-

ied significantly between clusters, with observed OTU and Shannon diversity highest among

the “Fusobacterium” group followed by the “Prevotella” and “Streptococcus” clusters (Table 2).

Consistent with reports associating high bacterial diversity with poor oral health [48], OTUs

representing Fusobacterium periodonticum, Porphyromonas gingivalis, Treponema denticola,

and Tannerella forsythia—all known oral pathogens [49]—were more abundant among “Fuso-
bacterium” women (Fig 3A).

The relative abundance of core genera also varied by DMM cluster (S3 Fig). Specifically, the

“Streptococcus” cluster exhibited the highest levels of Streptococcus, Haemophilus and Gemella;
the “Fusobacterium” group contained higher amounts of Fusobacterium, Porphyromonas, Allo-
prevotella, and Prevotella; and “Prevotella” women exhibited greater abundance of Prevotella_7,

Actinomyces and Veillonella.

Differences in predicted functional pathways were also observed by bacterial cluster (Fig

3B), with greater potential for essential amino acid biosynthesis and nitrogen metabolism

among the “Prevotella” bacterial community type and carbohydrate metabolism and transport

among the “Streptococcus” group. The “Fusobacterium” cluster indicated putative functional

differences in DNA replication and repair as well as bacteria-host interactions.

Comparing demographics and health behaviors by DMM cluster, we found the “Streptococ-
cus” cluster to be more acculturated, particularly as compared to the “Prevotella” group: “Strep-
tococcus” participants reported higher English linguistic acculturation scores, were more likely

Table 1. (Continued)

Unadjusted Adjusted for age Adjusted for age & education

N (%)a Mean (SE) P Mean (SE) P Mean (SE) P
Lean (<25) 63 (17.1) 101.0 (3.4) 0.34 99.6 (3.4) 0.33 99.5 (3.4) 0.37

Overweight (25–29) 132 (35.8) 96.0 (2.4) 96.2 (2.3) 95.4 (2.4)

Obese class I (30–34) 104 (28.2) 94.1 (2.7) 93.9 (2.6) 93.2 (2.7)

Obese class II+ (�35) 70 (19.0) 99.4 (3.3) 100.6 (3.2) 99.2 (3.3)

Physical activity level (tertiles)

Light 132 (35.8) 96.3 (2.4) 97.3 (2.3) 96.2 (2.4)

Moderate 145 (39.3) 97.7 (2.3) 0.83 97.4 (2.2) 0.72 96.7 (2.3) 0.74

Heavy 88 (23.9) 95.7 (2.9) 94.7 (2.9) 94.0 (2.9)

Abbreviations: BMI, body mass index; OTU, operational taxonomic unit; SE, standard error.
a Totals may not add up to 100% due to missing responses in <3% of participants.
b Those not born & raised in US; N = 300.
c Variable not assessed prior to 2006; N = 333 for 2006–2011 enrollment.

https://doi.org/10.1371/journal.pone.0194100.t001
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to have been born in the US, or if born in Mexico, to have immigrated at an earlier age

(Table 2). In contrast, the “Prevotella” group was more likely to report a history of farm work.

Both the “Streptococcus” and “Prevotella” groups were significantly older than the cluster

driven by Fusobacterium (mean (SD) of 42.2 (1.0) and 43.9 (1.1) vs 37.8 (1.0) years, respec-

tively; P<0.01). None of the other variables tested, including BMI and physical activity, dif-

fered by cluster assignment.

Discussion

We examined the oral microbiome in a group of non-smoking Mexican American women

from the Houston, Texas, metropolitan area. To our knowledge, this is the first study to

Fig 1. Core oral genera of Mexican American women (Houston, TX, 2004–2011) exhibit wide variation in relative abundance. (A) Box plots indicate log

relative abundance of 18 core taxa, defined as those genera detected in� 98% of study subjects. (B) Stacked bar plot shows the contribution of all core genera

across each study participant.

https://doi.org/10.1371/journal.pone.0194100.g001
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characterize the oral microbiota in a large group of first and second generation Mexican

American women. We identified a core microbiome of 18 taxa common to 98% or more of

women and three microbial community types. Women in the three microbiome clusters var-

ied by age and a variety of acculturation-related variables, including country of birth, country

of longest residence, age at immigration, years lived in the US, and acculturation score.

Among first generation immigrants, we further observed that time in the US and younger age

at immigration were inversely associated with taxonomic richness. Collectively, these results

support the potential mutability of the oral microbiota in response to cultural adaptation asso-

ciated with immigration. They further provide a baseline profile for future studies to investi-

gate relationships between oral bacteria and prospective disease in at-risk Mexican American

women.

The oral microbiome is dominated by a handful of genera—Streptococcus, Prevotella, and

Haemophilus, to name a few. We observed these and other well-known oral bacteria in our

participants, with relative abundance varying by bacterial community type. Of particular note,

the “Prevotella” and “Streptococcus”-defined clusters differed in the relative abundance of

nearly all core taxa identified in our study. These clusters also differed demographically, with

“Prevotella” individuals more likely to have been born in Mexico, to have resided longest in

Mexico, and to have immigrated to the US at a later age compared to the “Streptococcus”
group. Together, these differences support the potential for a microbial transition associated

with immigration and adaptation whereby a “Prevotella” community dominates in recent

Mexican immigrants but transitions to the “Streptococcus” signature over time.

The concept of a microbial transition parallels that of acculturation, a likely contributor to

any bacterial shift. Observed differences in English linguistic acculturation score [31,32]

Fig 2. Beta diversity analysis indicates overlapping yet distinct bacterial community clusters as determined by DMM modeling. Bray-Curtis dissimilarity

distance varied significantly by DMM cluster (P<0.01) and was visualized using principal coordinates analysis. Lines connect samples to cluster centroids.

DMM, Dirichlet multinomial mixtures.

https://doi.org/10.1371/journal.pone.0194100.g002
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Fig 3. LEfSe analysis indicates differentially abundant taxa (A) and Tax4Fun-imputed functional pathways (B) by DMM cluster. Clusters were named

for the single OTU with the greatest effect size. LEfSe analyses were conducted using α = 1E-05 and minimum LDA score = 2.5. Due to space limitations, only

taxa with a minimum LDA score of 3.0 are shown. A complete list of taxa with minimum LDA score of 2.5 is included in supporting information. DMM,

Dirichlet multinomial mixtures; LDA, linear discriminant analysis; LEfSe, LDA effect size.

https://doi.org/10.1371/journal.pone.0194100.g003
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Table 2. Demographic characteristics of Mexican American women by DMM cluster; values indicate N (%) unless otherwise indicated.

Streptococcus Cluster (S)a Fusobacterium Cluster (F)a Prevotella Cluster (P)a Pairwise P
S vs F S vs P F vs P

N, total 133 120 116

Age (years)

20–29 17 (12.8) 22 (18.3) 8 (6.9) <0.01d 0.25 <0.01d

30–39 54 (40.6) 51 (42.5) 43 (37.1)

40–49 26 (19.5) 36 (30.0) 32 (27.6)

�50 36 (27.1) 11 (9.2) 33 (28.4)

Education level

< High school 65 (48.9) 63 (52.5) 55 (47.4) 0.84 0.36 0.27

High school diploma or equivalent 29 (21.8) 24 (20.0) 34 (29.3)

> High school 38 (28.6) 32 (26.7) 27 (23.3)

Marital status

Married 98 (73.7) 91 (75.8) 90 (77.6) 0.61 0.48 0.84

Not married 35 (26.3) 28 (23.3) 26 (22.4)

Country of birth

Mexico 98 (73.7) 94 (78.3) 102 (87.9) 0.39 <0.01d 0.05

US 35 (26.3) 26 (21.7) 14 (12.1)

Country of longest residence

Mexico 64 (48.1) 73 (60.8) 79 (68.1) 0.04 <0.01d 0.24

US 69 (51.9) 47 (39.2) 37 (31.9)

Age of immigration (years)b

0–18 34 (33.3) 21 (22.1) 16 (15.5) 0.13 0.01d 0.66

19–24 33 (32.3) 28 (29.5) 34 (29.3)

25–29 19 (18.6) 20 (21.1) 21 (33.0)

�30 16 (15.7) 26 (27.4) 32 (31.1)

Time in US (years)b

<5 3 (2.9) 14 (14.7) 6 (5.8) <0.01d 0.19 0.12

5–9 14 (13.7) 18 (18.9) 16 (15.5)

10–14 18 (17.6) 24 (25.3) 30 (29.1)

15–19 27 (26.5) 22 (23.2) 21 (20.4)

20–24 14 (13.7) 7 (57.4) 7 (6.8)

�25 26 (25.5) 10 (10.5) 23 (22.3)

English acculturation score

1–1.75 48 (36.1) 53 (44.2) 51 (44.0) 0.20 <0.01d 0.10

2–2.75 32 (24.1) 33 (27.5) 44 (37.9)

3–4 51 (38.3) 34 (28.3) 21 (18.1)

Food acculturationc

Only Mexican foods 15 (12.4) 24 (22.2) 16 (15.4) 0.13 0.11 0.13

Mostly Mexican foods 39 (32.2) 33 (30.6) 45 (43.3)

Mix /Mostly American/Other 67 (55.4) 51 (47.2) 43 (41.3)

History of alcohol consumption

No 109 (82.0) 100 (83.3) 101 (87.1) 0.77 0.27 0.42

Yes 24 (18.0) 20 (16.7) 15 (12.9)

History of farm work

No 104 (78.2) 101 (84.2) 79 (68.1) 0.23 0.07 <0.01d

Yes 29 (21.8) 19 (15.8) 37 (31.9)

BMI (kg/m2)

(Continued)
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support this hypothesis, with the “Streptococcus” signature dominating among more accultur-

ated women. Furthermore, recent evidence indicates acculturation occurs more rapidly in

younger immigrants [50], which is consistent with the earlier US arrival observed among

women in the “Streptococcus” cluster. Several studies have reported positive relationships

between dental care and use of the English language among Hispanics [51–53]. While dental

history was not available for the current study, Streptococcus species linked with better oral

health, including S. mitis and S. oralis [49,54,55], were significantly more abundant in the

“Streptococcus” community type. By comparison, the “Prevotella” cluster exhibited higher levels

of S. salivarius and Veillonella spp., both of which have been linked to dental caries [54,56].

These observations suggest differences in oral health and/or oral health determinants (e.g.,

access to dental care) contribute to the relationships observed here. Frequency of dentist visits

was only recently incorporated into the MACS questionnaire but appears low; nonetheless, the

relationship between dental visits and the oral microbiome could be explored in future studies.

Importantly, our work examines the oral microbiota at just a single time point in women

enrolled between 2004–2011. The influence of birth or immigration cohort effects cannot be

excluded.

Inter-individual variation of the microbiota has previously been observed by geography

and culture. Comparing Germans, native Alaskans, and Africans, Li and colleagues observed

differential abundances across many common and highly abundant oral bacteria, including

Prevotella, Veillonella, and Haemophilus [29]. Takeshita et al. reported similar taxonomic dif-

ferences in a study comparing the salivary microbiome of South Koreans to the Japanese [28]

—two populations with arguably fewer differences in diet and host genetic variation. These

studies support the idea of a core human oral microbiome that, despite differences in relative

taxa abundance, provides functional consistency and stability across cultures. Data from the

Human Microbiome Project support this assertion, with the taxonomic composition of the

buccal mucosa exhibiting far more variability than its microbial metabolic pathway content

[47]. Hence, while our data suggest acculturation in Mexican American women may be

accompanied by compositional changes of the oral microbiota, differences in the overarching

Table 2. (Continued)

Streptococcus Cluster (S)a Fusobacterium Cluster (F)a Prevotella Cluster (P)a Pairwise P
S vs F S vs P F vs P

Lean (<25) 22 (16.5) 22 (18.3) 19 (16.4) 0.31 0.60 0.94

Overweight (25–29) 50 (37.6) 41 (34.2) 41 (35.3)

Obese class I (30–34) 42 (31.6) 30 (25.0) 32 (27.6)

Obese class II+ (�35) 19 (14.3) 27 (22.5) 24 (20.7)

Physical activity level (tertiles)

Light 48 (36.1) 42 (35.0) 42 (36.2) 0.99 0.21 0.28

Moderate 49 (36.8) 44 (36.7) 52 (44.8)

Heavy 36 (27.1) 31 (25.8) 21 (18.1)

Shannon diversity, Mean (SD) 2.14 (0.33) 283 (0.38) 2.59 (0.28) <0.01d <0.01d <0.01d

Observed OTUs, Mean (SD) 73.9 (15.4) 125.5 (17.0) 93.8 (18.0) <0.01d <0.01d <0.01d

Abbreviations: BMI, body mass index; DMM, Dirichlet multinomial mixtures; SD, standard deviation.
a Totals may not add up to 100% due to missing responses in <3% of participants.
b Those not born & raised in US; N = 300.
c Variable not assessed prior to 2006; N = 333 for 2006–2011 enrollment.
d P-value significant following Sidak correction for multiple comparisons.

https://doi.org/10.1371/journal.pone.0194100.t002
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function of these communities are likely small. Our own analysis supports this hypothesis as

the variation in putative functional pathways between our bacterial community clusters was

more modest than their observed taxonomic differences. Consequently, many roads may lead

to a “healthy” oral microbiome.

In addition to the “Prevotella” and “Streptococcus” clusters, we observed a third group of

women defined by higher levels of moderate- to high-risk periodontal pathogens. Presence of

pathogens was further reflected in putative functional differences, with bacteria-host interac-

tion and cellular turnover/repair pathways dominating the “Fusobacterium” cluster. One-third

of our participants presented with this bacterial signature, suggesting periodontal disease or

risk thereof may be widespread within our cohort. History of periodontitis was not assessed in

the MACS study, but prevalence of this inflammatory disease is higher among Hispanics/Lati-

nos according to national surveys [57]. Consistent with these observations, Mason et al.
recently reported greater abundance of Porphyromonas, Treponema, and Fusobacterium spp. in

the subgingival microbiota of Latinos as compared to non-Hispanic whites and non-Hispanic

blacks [58]. These disparities may in part be due to chronic inflammation as a result of the

physical, psychosocial, and cultural stressors that accompany immigration. Notably, Miranda

and Matheny found that acculturative stress was inversely related to time in the US among

adult Latinos [59], and women in the “Fusobacterium” cluster were more likely to report living

in the US less than 10 years.

Interest in the oral microbiome is rising as scientists identify ever more associations

between bacteria of the mouth and complex disease. Many of these associations stem from

links to periodontitis and associated diseases, which may reflect an underlying susceptibility or

avenue toward systemic inflammation. Although the directionality of these relationships is

often unclear, large cohorts such as MACS provide the opportunity to elucidate the timing of

such relationships and explore the oral microbiome as a potential biomarker or etiologic

underpinning of disease. Moreover, our study shows that MACS mouthwash samples, initially

collected for human genetic studies and kept in frozen storage for up to 15 years, produce high

quality microbial sequencing data; hence, studies to examine the oral microbiome and incident

disease are underway. Characterizing the oral microbiome in an effort to identify those at

highest disease risk will help us better target health interventions to those with greatest need.

As a putative comprehensive assessment of biological, behavioral, and environmental risk fac-

tors, the oral microbiome may prove to be one of the most informative and easily accessible

biomarkers for research in low income, resource poor populations.

Conclusions

First and second generation Mexican American women face a number of health issues modu-

lated by acculturation and adaptation to life in the US. The oral microbiota, itself linked to

many of these conditions, also appears to differ by factors associated with immigration among

Mexican American women and has the potential to impact host health via a multitude of func-

tions. Whether and how differences in oral health or oral health care contribute to these rela-

tionships warrant further research and could have broad implications for how we target public

health problems in this burgeoning population.

Supporting information

S1 Fig. Bacterial diversity by age and country of longest residence among Mexican Ameri-

can women. Bacterial richness as measured by observed OTU (A) and Chao index (C) is

inversely associated with age in women who have lived>50% of their life in the US (observed

OTU: r = -0.28, P<0.01; Chao: r = -0.32, P<0.01) versus Mexico (observed OTU: r = -0.07,
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P = 0.31; Chao: r = -0.05, P = 0.46). Among women who resided longer in the US, country of

birth did not affect this relationship (US vs Mexico, P = 0.56 for observed OTU and P = 0.87

for Chao) (B & D). (E) Shannon diversity did not vary with age, irrespective of country of lon-

gest residence (US, P = 0.14; Mexico, P = 0.12). Among women residing longer in the US, the

relationship between Shannon diversity and age was not modified by country of birth (US vs

Mexico, P = 0.22) (F). OTU, operational taxonomic unit.

(PDF)

S2 Fig. OTU co-occurrence relationships identified by SparCC correlation analysis among

Mexican American women. OTU co-occurrence relationships among Mexican American

women identified by SparCC correlation analysis. Analysis was restricted to OTUs detected at

�0.1% relative abundance in at least one-third of samples. Positive correlations (co-occur-

rence) are shown in shades of blue and negative correlations (co-exclusion) in red. Correlation

strength is indicated by circle size, with larger circles depicting stronger associations. Only sig-

nificant relationships are shown (FDR Q = 0.1). Black rectangles demarcate results of hierar-

chical clustering.

(PDF)

S3 Fig. Relative abundance of “core” genera in Mexican American women by DMM cluster.

Relative abundance of “core” genera in Mexican American women by DMM cluster. (A)

Stacked bar graphs indicate the proportion of each sample represented by each core genus. (B)

Box-plots of core taxa by DMM cluster. Post-multiple comparison adjustment, pairwise

P<0.05: a “Streptococcus” cluster vs “Fusobacterium” cluster; b “Streptococcus” cluster vs “Prevo-
tella” cluster; c “Fusobacterium” cluster vs “Prevotella” cluster.

(PDF)

S1 Table. Chao diversity index by demographic characteristics in Mexican American

women (N = 369).

(PDF)

S2 Table. Shannon diversity index by demographic characteristics in Mexican American

women (N = 369).

(PDF)

S3 Table. Differential OTU-level taxa by DMM cluster as determined by LEfSe.

(PDF)

S1 File. Participant demographic data.

(XLSX)

S2 File. Rarefied OTU table.

(XLSX)
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