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Abstract

Several studies have shown that the airways of asthma patients contain higher diversity of bacteria 

and are enriched in pathogenic species. However, sampling the airways in children is challenging. 

Here we aimed to identify differences in the salivary bacterial composition between African 

Americans children with and without asthma. Saliva samples from 57 asthma cases and 57 healthy 

controls were analyzed by means of 16S rRNA amplicon profiling. Measurements of bacterial 

diversity and genus relative abundance were compared between cases and controls using the non-

parametric Wilcoxon test and multivariate regression models. A total of five phyla and a mean of 

56 genera were identified. Among them, 15 genera had a relative abundance greater than 1%, 
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being Prevotella, Haemophilus, Streptococcus, and Veillonella the most abundant genera. 

Differences between cases and controls were found in terms of diversity, as well as in relative 

abundance for Streptococcus genus (13.0% in cases vs 18.3% in controls, p=0.003) and Veillonella 
genus (11.1% in cases vs 8.0% in controls, p=0.002). These differences remained significant after 

correction for multiple comparisons and when potential confounders were taken into account in 

logistic regression models. In conclusion, we identified changes in the salivary microbiota 

associated with asthma among African Americans.

Keywords

16S rRNA sequencing; next-generation sequencing; respiratory disease; bacterial composition

1. Introduction

Asthma is a chronic heterogeneous disease that affects the lower respiratory tract. The most 

characteristic symptoms of this disease are dyspnea, chest tightness, wheezing, and cough1. 

Typical characteristics of this pathology are the inflammation and hyperresponsiveness of 

the airways as a response to different triggering agents, such as air pollution, tobacco smoke, 

airborne allergens, the practice of sports, stress, certain drugs, or viral and bacterial 

respiratory infections1.

All population groups, from children to elder people, are affected by asthma1. It has an 

estimated prevalence ranging from 1 to 16% of the population depending on the country2, 

resulting nowadays in 340 million people affected worldwide by this disease3. Additionally, 

within countries, there are also differences in asthma prevalence depending on the racial 

and/or ethnic group. For instance, in the United States of America, asthma prevalence 

among children is lowest in Mexican Americans (3.1%) and European Americans (8.2%) 

and highest in African Americans (14.6%) and Puerto Ricans (21.9%)4. These differences in 

prevalence have been partially attributed to the distinctive genetic makeup of these 

populations, since it has been shown that genetic African ancestry increases the risk for 

asthma5.

Recent microbiome studies based on culture-independent techniques, such as massive 

sequencing or microarrays, have shown that the lung is not sterile as previously thought6. 

Furthermore, it has been highlighted the role of bacteria residing in the human lung in the 

development of asthma and the severity of the disease7, and how bacteria interact with the 

airways in asthma susceptibility8. Additionally, it has been shown that there is a connection 

between the inflammation of the airways and early environmental exposures in life, being 

those children who have had contact with animals and other allergens during their first 

period of life the ones less prone to develop the disease9. In fact, a rich microbial exposure 

(i.e. being exposed to a wide range of microbes from pets, other children in daycare and 

animals in farm environment) has shown to reduce the risk of asthma10.

Furthermore, the knowledge generated until now suggests that the airways of asthma 

patients have higher bacterial diversity than the ones from healthy individuals11,12 and that a 

higher microbial burden is present in the upper airways compared to the lower airways13,14. 
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In most of these studies, invasive sampling methods have been used to characterize the 

microbiota from the lower airways, such as induced sputum, lung or bronchus biopsies, 

protected brushings, or bronchoalveolar lavage15,16. However, Marri et al. have shown that 

the dysbiosis (i.e. an imbalance of the microbial communities) observed in the induced 

sputum and lower respiratory tract from asthmatic patients might reflect changes occurring 

in the whole respiratory airways, and not in any specific compartment17.

Since asthma is the most prevalent chronic disease during childhood1,3, the search for 

alternative non-invasive sample sources for microbiome biomarkers is needed. Previous 

studies have suggested that there is a continuum in the microbiota from the lower and the 

upper airways from healthy individuals13,14, being this particularly evident for the oral 

microbiome and the right upper lobe microbiome, due to anatomical reasons and repeated 

microaspirations of oropharyngeal secretions18. Additionally, it has been shown that an 

individual’s lung microbiome is more likely to be similar to its salivary microbiome than to 

the lung microbiome of another individual14. Therefore, saliva could be an accessible and 

non-invasive sample to study the microbiome, since it is in direct contact with one of the 

entry points of the airways, and it has been proposed as the source of microorganisms that 

colonize the lung niche13,16. Despite its potential, saliva samples have barely been analyzed 

in previous metagenomics studies of asthma, with only one study performed in European 

populations and focused on allergy development in early life19.

In this study, we aimed to assess whether there are differences in the bacterial microbiome 

composition of saliva samples from children and young adults with and without asthma, 

focusing for the first time on one of the populations that is most affected by asthma, African 

Americans. For that purpose, we analyzed a total of 114 samples from the Study of African 

American, Asthma, Genes & Environments (SAGE II)20 using 16S rRNA gene-targeted 

sequencing.

2. Materials and Methods

2.1. Sample description

The study subjects for the current analysis were drawn from the Study of African American, 

Asthma, Genes & Environments (SAGE II)20, an ongoing case-control study of childhood 

and youth asthma in African Americans initiated in December 2006. This study has been 

approved by the Human Research Protection Program Institutional Review Board of the 

University of California, San Francisco (San Francisco, United States) (ethics approval 

number: 210362), and all subjects/parents provided written assent/consent, respectively. 

Eligibility criteria were age between 8 to 21 years and having all four grandparents self-

identified as African American. Exclusion criteria were: 10 or more pack-years of smoking; 

any smoking within one year of recruitment date; pregnancy in the third trimester; or history 

of one of the following conditions: sickle cell disease, cystic fibrosis, sarcoidosis, cerebral 

palsy, or history of heart or chest surgery. Cases had a physician-diagnosis of asthma, and 

they were required to show active symptoms (coughing, wheezing, or shortness of breath) in 

the two years preceding enrollment. Data was available for the atopic status, medication 

prescription, the severity of the disease, and the presence of asthma exacerbations in the past 

12 months. More details can be found in the E-Methods of Online Supporting Information.
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Controls were non-allergic, non-asthmatic individuals and they were ineligible for 

recruitment if they reported: a history of allergic conditions (asthma, eczema, hives, hay 

fever, and/or allergic rhinitis), the use of medication for allergies, or the presence of 

symptoms of wheezing or shortness of breath during their lifetime.

From the 1,705 subjects included in the SAGE II study, saliva samples were available for a 

subset of 245 individuals. From those, we prioritized 204 subjects that had passed genome-

wide genotyping quality controls21, to ensure that individuals included had not familiar 

relationship and that genetic ancestry could be assessed. Then, we selected all the asthma 

patients available in that subset, and we chose a similar number of controls matching the 

recruitment areas where the cases were enrolled. Therefore, in the current study, a subset of 

57 cases and 57 controls was analyzed.

Based on 1,000 simulations, we estimated that this sample size sequenced with at least 

10,000 reads per individual would provide 95% power to detect differences in the 

microbiome composition between cases and controls with moderate effect sizes (Cramer’s 

ϕ>0.05), and at a significance level of α=0.0122.

One milliliter of spit saliva samples was collected using Oragene DNA Discover OGR-500 

self-collection kits (DNA Genotek, Inc., Ontario, Canada) following the manufacturer’s 

protocol. The participants were required not to eat, drink, smoke or chew gum in 30 minutes 

preceding the sampling. Additionally, as part of the procedures of pulmonary function 

testing, they were instructed to withhold all bronchodilator medications prior to recruitment. 

Specifically, they withhold short-acting bronchodilators for 8 hours, intermediate-acting 

bronchodilators for 24 hours and long-acting bronchodilators for 48 hours.

2.2. Genetic ancestry estimation

Estimates of African and European ancestries were obtained using an unsupervised analysis 

in ADMIXTURE assuming two ancestral populations (African and European), as previously 

described21. Haplotypes from individuals from HapMap phase II (http://

hapmap.ncbi.nlm.nih.gov) were used as a reference for the European and African 

components: Utah residents with Northern and Western European ancestry from the CEPH 

collection (CEU) and Yorubans from Ibadan, Nigeria (YRI).

2.3. Sequencing of the V4 16S rRNA region

The V4 16S rRNA hypervariable region was amplified by PCR using a HotStarTaq DNA 

Polymerase (Qiagen, Hilden, Germany) and specific fusion primers23. PCRs included a 

negative control (water) and a positive control consisting of a mix of DNA from 20 different 

bacterial species from the Microbial Mock Community B (BEI Resources, Manassas, VA) in 

each 96-well plate. PCR products were purified using the AxyPrep™Mag FragmentSelect-I 

purification kit (Axygen Biosciences, Union City, CA) and the concentration of each library 

was normalized using the SequalPrep™ normalization Plate (96) Kit (Invitrogen, Frederick, 

MD). Libraries were pooled and quantified by means of a 7500 Fast Real-Time PCR System 

(Life Technologies, Carlsbad, CA) using the KAPA Library Quantification Kit Illumina® 

platforms (Kapa Biosystems, Wilmington, MA). The size distribution of amplicons was 

evaluated with the Agilent 2100 Bioanalyzer using a High Sensitivity DNA Analysis Kit 
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(Agilent Technologies Inc., Palo Alto, CA). Sequencing of the libraries was performed at 

The College of Biological Sciences UCDNA Sequencing Facility at the University of 

California, Davis, using the MiSeq Reagent Kit v2 with 250 bp paired-end reads in a MiSeq 

sequencer (Illumina, San Diego, CA), including ~20% of the PhiX Control Library.

2.4. Microbial community analysis

Primary image analysis and base calling were performed on the MiSeq instrument 

(Illumina). The processing of the 16S rRNA sequencing data, from filtering of raw reads to 

creating operational taxonomic units (OTUs) and assigning of taxonomic rank, was 

performed using the open-source bioinformatics tool Quantitative Insights Into Microbial 

Ecology (QIIME) v1.824.

Quality control included the removal of reads with a Phred score lower than 30 and ensuring 

that all samples had at least 10,000 reads. Sequences were clustered based on similarity, 

using an open-reference OTU picking approach with UCLUST25. BLAST26 was used to 

identify chimeric sequences to be excluded from the analyses based on a 97% similarity. 

Taxonomic assignment was performed using the Greengenes database27 and a 97% sequence 

identity threshold. Contaminant taxa, mainly sequences belonging to Burkholderia genus, 

found in negative controls were removed from the OTU tables for further analyses.

2.5. Statistical analysis

R v3.3.228 was used to assess the differences in sequencing depth between cases and 

controls, in order to discard the effect of the number of reads as a confounder. R package 

vegan 2.5.129 was used to normalize the count reads into relative abundance. Shannon 

diversity index and the number of genera were calculated based on the number of reads of 

genera with a relative abundance greater than 1% and for all genera separately. Additionally, 

the Shannon diversity index was normalized by the natural logarithm of the number of 

genera also known as Pielou index. Differences in bacterial diversity and genera abundance 

between asthma cases and controls were assessed by means of a non-parametric Wilcoxon 

test, considering only those genera with more than 1% of relative abundance. Adjustment by 

multiple comparisons was carried out by means of Bonferroni correction, taking into 

account the number of genera analyzed. Additionally, for the genera significantly associated 

with asthma, multivariate logistic regression models were used to assess whether results 

could be confounded by differences in age, sex, or genetic ancestry between cases and 

controls. Moreover, we assessed whether associated genera had differences within asthma 

cases by means of logistic regression models adjusted by age, sex, and genetic ancestry, 

analyzing as outcomes: atopy (atopic versus non-atopic asthma), the use of asthma 

medication (users versus non-users for each drug), severity (comparing moderate/severe 

asthma cases against mild cases), and the presence of asthma exacerbations in the past year. 

All the regression models were run in R28.
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3. Results

3.1. Sample characteristics and quality control of the sequencing data

Demographic and clinical characteristics of the subjects are presented in Table 1. Cases and 

controls had a similar gender and age distribution, ranging from 8.5 to 21.7. However, cases 

with asthma had higher proportions of African ancestry than controls (83.3% versus 75.6%, 

p=3.34×10−4).

After filtering out reads based on their quality (Phred score<30) and the quality of the 

pairing, approximately 7 million reads were retained. All the samples included in the study 

had more than 10,000 reads. The mean number of reads per sample was 57,647±24,164, 

being the lowest and the highest output 12,598 and 179,622 reads, respectively. Additionally, 

no differences were found in sequencing depth between asthma cases and controls 

(p=0.830).

3.2. Microbial composition of saliva samples

Both case and control samples were dominated by 5 major phyla (Firmicutes, 

Proteobacteria, Bacteroidetes, Actinobacteria, and Fusobacteria) that accounted for more 

than 98% of the reads (Figure 1). Nevertheless, none of the phyla presented statistically 

significant differences between cases and controls (p> 0.05, E-Table 1). At this taxonomic 

level, reads that were not assigned to any taxonomic rank (i.e. the unknown category) 

represents 0.02%.

At the genus level, 5.2% of the reads were classified into higher taxonomic levels (i.e. 

family, order, etc), which were grouped under the unclassified category. Additionally, 1.9% 

of the reads were not assigned to any taxonomic rank (unknown category). On average, the 

salivary microbiome was composed of 56 genera, having 15 of them a relative abundance 

greater than 1% in the group of cases and/or controls (Figure 2). The most abundant genera 

were Prevotella, Haemophilus, Streptococcus, and Veillonella.

3.3. Differences in the salivary microbiome composition by asthma status

Shannon diversity index was significantly different between cases (2.12±0.23) and controls 

(2.01±0.24) (p=0.013) (Figure 3, panel A). Pielou index also showed significant differences 

between cases (0.81±0.04) and controls (0.79±0.05) (p=0.01) (Figure 3, panel B). 

Additionally, diversity differences between cases and controls were also found when 

calculated for all the genera detected (Shannon index: 2.44±0.23 versus 2.34±0.24 in cases 

and controls, respectively, p=0.027; and Pielou index: 0.61±0.06 versus 0.58±0.06 in cases 

and controls, respectively, p=0.013).

Either analyzing the Shannon or Pielou diversity indices, the diversity was higher in cases 

than in controls. In order to confirm that the differences found were not a consequence of the 

effect of other confounding variables, multivariate logistic regression was performed 

adjusting by age, gender, and genetic ancestry. In these regression models, both diversity 

indexes remained associated with asthma status (p=0.005 for the Shannon index and p=0.01 

for the Pielou index).
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Since differences in diversity were noticed, changes in relative abundance differences were 

also sought. For that purpose, those genera with a relative abundance greater than 1% in at 

least one of the groups (cases/controls) were interrogated. Statistically significant differences 

in relative abundance were found between cases and controls for the Streptococcus genus 

(13.0% in cases and 18.3% in controls; p=0.003, Bonferroni p=0.039) and Veillonella genus 

(11.1% in cases and 8.0% in controls; p=0.002, Bonferroni p=0.035;) (Table 2).

The differences observed for the genera Streptococcus and Veillonella by asthma status 

remained statistically significant when testing a multivariate regression model adjusted by 

age, gender and genetic ancestry (Streptococcus, OR: 0.92, 95% CI: 0.87–0.97, p=4.4×10−3; 

Veillonella, OR=1.12, 95% CI=1.02–1.22, p=0.015), suggesting that these factors were not 

confounding the results. Additionally, no statistically significant differences were found for 

these genera when comparing different asthma subgroups based on atopic status, medication 

use, severity, or presence of exacerbations in the past year (E-Table 2).

4. Discussion

In this study, we aimed to assess the differences in the salivary microbial composition 

between asthma cases and controls among a high-risk population for asthma. To the best of 

our knowledge, this is the largest study of the salivary microbiome in relation to this disease 

and the only one performed in African Americans. Our results show the existence of 

differences in diversity between asthma cases and controls, as well as distinctive relative 

abundance of two bacterial genera, Streptococcus and Veillonella.

Regarding the composition of the samples, all the phyla, as well as the main genera detected 

in the saliva samples analyzed in our study, are the ones typically found in the oral 

cavity30,31. Additionally, when we compared the group of asthma patients with controls, our 

results were in agreement with what has been seen in other studies analyzing the airways 

regarding alpha diversity (mainly Shannon index H’ and species richness)12,17. Furthermore, 

although those studies only reached the family resolution and ours was able to get to the 

genus level, the association we observed for the relative abundances are also concordant 

with what has been previously described in induced sputum samples of young adults with 

and without asthma (mean age =26.3±0.5)17. Specifically, the family Veillonellaceae has 

been found to be more abundant in asthmatics, while Streptococcaceae has been found to be 

present in a higher proportion in control subjects17. Conversely, we did not find any 

correlation with Moraxella, Neisseria or Haemophilus genera that have been extendedly 

associated with asthma in bronchial brushings, bronchoalveolar lavages, and induced sputum 

samples32. However, the phylum in which these genera are included, Proteobacteria, showed 

a trend to be more abundant in cases (27.7%) than in controls (25.4%), being concordant 

with what has been reported in previous studies32. The lack of statistical significance could 

be due to the analysis of a different sample type. Despite this, our results indicate that the 

differences in the airways microbiota composition are partially captured sampling saliva. 

Therefore, our results have important implications in the use of saliva as a non-invasive and 

more accessible alternative sample type than lung biopsies, protected brushings, or induced 

sputum to study the microbiome in asthma.
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The fact that Streptococcus was found to be more prevalent in healthy controls in this study 

could be explained by a higher abundance of commensal species among non-asthmatic 

individuals, such as Streptococcus salivarius and Streptococcus oralis, which would maintain 

the stability of the community against pathogenic species. In fact, previous studies have 

shown that the administration of certain strains of both species via nasal spray reduced the 

occurrence of upper respiratory tract infections33,34, significantly diminishing the 

occurrence of the episodes, as well as the number of school and work absences35. Therefore, 

our results suggest that future studies are needed to understand whether topical 

administration of probiotics may effectively change the oral or lung microbiome and, 

consequently, become a new strategy in asthma management and/or prevention. In contrast 

to the results obtained for Streptococcus, the genus Veillonella was found to be associated 

with higher risk for asthma, which is consistent with the differences observed in a previous 

study in the gut microbiome composition, focused on children at 1-year old that later 

developed asthma at the age of 5 years36. Since the oral cavity represents the sole entry point 

to the gastrointestinal tract, the concordance found between the salivary and gut 

microbiomes for Veillonella is plausible.

Several studies have assessed the role of the airways and fecal microbiome in asthma37. 

However, despite the oral cavity possesses the second most diverse microbial community in 

the body38, it has only been analyzed in a previous study of asthma among Europeans19. As 

part of a longitudinal study comparing 15 children with asthma and 32 controls that did not 

develop the disease, Dzidic et al.19 described different results from the ones presented in the 

current study. In terms of diversity, asthma patients at the age of 7 years old had lower 

diversity than controls, as opposed to our results and what has been described in previous 

studies focused on the airways11,12,17. Additionally, distinct genera were associated with 

asthma in the previous study19. These differences could be due to the fact the previous study 

was performed as part of a randomized double-blind trial evaluating the effect of the 

probiotic Lactobacillus reuteri in the prevention of allergy development19. Additionally, the 

current study is focused on African Americans and the previous study in Europeans, and 

ethnicity has been shown to influence the bacterial composition of the oral microbiome39. 

For that reason, our study took into account the effect of genetic ancestry in the regression 

models, allowing confirming that our results were not confounded by this variable. Another 

distinctive aspect of the current study is that we analyzed older individuals than the previous 

study since the mean age in our study is 15 versus 7 years. Additionally, the previous study 

required a preamplification of the V1-V5 16S hypervariable regions, due to the low input of 

sample, which could have affected the results.

Although bacteria from the oral cavity have been proposed as the main contributors to the 

bacterial composition in the lung due to microaspirations, in children these also involve 

secretions from the nasopharynx due to increased production of nasal secretions and the 

peculiar anatomy of the upper airways40. Additionally, recent studies have shown that in 

children the mouth and nasal microbiome have a different composition than the bronchial 

microbiome, in terms of predominant phyla, diversity, and burden of bacteria41,42. 

Therefore, to study causal changes of the bronchial microbiota associated with childhood 

asthma, sampling the lower airway is needed.
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The current study has some limitations. First, the use of saliva samples reduced our ability to 

detect bacteria that could be causal of the disease, rather than markers. Second, the analysis 

of just one of the hypervariable regions of the most commonly used marker in microbiome 

studies, the V4 region of the 16S rRNA gene, only allowed us to achieve the bacterial genus 

resolution. Differences in the abundance of specific species or strains within each genus 

could be relevant to the disease and should be explored by future studies. Third, we did not 

take into account as confounder factors the use of antibiotics or diet since this information 

was not surveyed during recruitment. However, the salivary microbiota composition is very 

stable over time and has been found that is not easily altered by antibiotic use43. In fact, a 

previous study analyzing the salivary microbiome in relation to asthma showed that 

antibiotic treatment was not a confounder factor19. Similarly, the composition of the saliva 

microbiota has been found to be independent of the diet habits in a study performing a 

comprehensive food frequency questionnaire44, and presents stability over several years 

even involving changes in oral hygiene and diet45. Fourth, our study did not include data 

regarding the presence of oral cavities or periodontitis, which have been previously related 

to the saliva composition46. Therefore, oral health status is a potential confounder of the 

results of this study that remains unexplored. Fifth, we analyzed together both children and 

young adults. Although age was included as one of the covariates in the regression models, 

we acknowledge that asthma is not a static condition in different age groups.

The strengths of our study include studying African Americans, in contrast to most of the 

previous studies focused on European populations6,17,19,47. Minority populations are 

commonly underrepresented in biomedical studies, even in those focused on respiratory 

diseases48, despite their high burden of certain diseases such as asthma. The sample size 

analyzed is the largest studying the salivary microbiome19 and it is amongst the largest 

analyzing any type of sample in the context of this disease17, except for one study47. 

Additionally, the individuals included in the study had genome-wide genotyping data, which 

allowed us to ensure that only non-related individuals were included, and that genetic 

ancestry could be taken into account in the analyses.

In conclusion, our results show that the differences in bacterial diversity described in the 

airways among asthma patients are also found in the saliva. Additionally, while the relative 

abundance of the Streptococcus was higher in healthy controls, Veillonella was more 

prevalent in asthma cases. Therefore, saliva samples could be a non-invasive source for 

microbiome biomarkers for asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Phyla distribution in the two study population groups. Rare category represents the reads 

belonging to phyla with a relative abundance lesser than 1%. Unknown category represents 

reads that could not be assigned to any taxonomic rank.
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Figure 2: 
Overview of the microbiome composition and relative abundance of bacterial genera in the 

two groups studied. Rare category represents the reads belonging to genera with a relative 

abundance lesser than 1%. Unknown category represents reads that could not be assigned to 

any taxonomic rank.
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Figure 3: 
Boxplot of the diversity at genus level in cases and controls assessed for the genera with a 

relative abundance higher than 1% in at least one of the groups. (a) Diversity based on 

Shannon index (b) Diversity based on Pielou index.
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Table 1.

Characteristics of the subjects included in the study

Case (n=57) Control (n=57) p

Sex (% female) 28 (49.1) 36 (63.2) 0.186

Age 15.6±3.3 15.0±3.9 0.493

African ancestry (%) 83.3±7.6 75.6±14.0 3.34 × 10−4**

FEV1 (% predicted) 94.8±13.1 NA NA

FVC (% predicted) 102.0±14.5 NA NA

Medication (%)

Short acting beta agonists 57 (100) NA NA

Inhaled corticosteroids
1 34 (59.7) NA NA

Long acting beta agonists
1 12 (21.1) NA NA

Leukotriene receptor antagonists 5 (8.8) NA NA

Positive skin prick test (%)
2

Any allergen 27 (58.7) NA NA

Dust mites 5 (10.9) NA NA

Animals 12 (26.1) NA NA

Pollens 20 (43.5) NA NA

Molds 8 (17.4) NA NA

Asthma severity (%)

Mild Intermittent 23 (40.4) NA NA

Mild persistent 19 (33.3) NA NA

Moderate persistent 13 (22.8) NA NA

Severe persistent 2 (3.5) NA NA

Any exacerbation in the past year (%)
3 18 (34.0) NA NA

1
Subjects taking combo medications are included in these categories.

2
Data available for 46 subjects.

3
Data available for 53 subjects.

For continuous variables, the mean ± the standard deviations are shown.

Abbreviations: FEV1: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capacity; NA: Non-Applicable.

**
p < 0.01
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Table 2.

Genera mean relative abundance (%) between asthma cases and controls for the main genera detected.

Case (n=57) Control (n=57) p Bonferroni adjusted p

Actinomyces 2.5 2.2 0.313 1

Aggregatibacter 2.3 1.6 9.8 × 10−3 ** 0.147

Atopobium 1.2 0.9 0.048 * 0.735

Campylobacter 1.2 1.4 0.713 1

Fusobacterium 3.6 3.8 0.991 1

Haemophilus 15.6 16.4 0.892 1

Leptotrichia 1.0 1.1 0.683 1

Megasphaera 1.1 0.8 0.051 0.735

Neisseria 5.8 3.7 0.073 1

Oribacterium 1.5 1.2 0.371 1

Porphyromonas 2.0 1.7 0.212 1

Prevotella 19.7 20.6 0.671 1

Rothia 4.7 4.3 0.383 1

Streptococcus 13.0 18.3 2.6 × 10−3 ** 0.039 *

Veillonella 11.1 8.0 2.3 × 10−3 ** 0.035 *

Statistically significant p-values after Bonferroni correction are shown in bold.

*
p < 0.05,

**
p < 0.01
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