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ABSTRACT 

 

  The intriguing relationship between microbiota 

and human psyche showed gut microbiota to be 

associated with well-being. To determine if the 

microbiota of other body parts would be similarly 

associated, we analyzed the perceived stress, well-

being, and happiness scale measures of 106 

healthy individuals and their aerotolerant 

microbiota load in their otorhino canals. We 

found that both the perceived stress and well-

being of the participants were associated with 

their otorhino microbial counts, but not their 

happiness scale scores. Women were found to 

have significantly less microbiota counts, lower 

well-being and higher levels of stress. This study 

is one of the first few to investigate new 

microbiota reservoirs in humans using aerobic 

body locations for psychobiological studies.  

 

INTRODUCTION  
 

  Stress is a complex process that involves 

environmental, biological, and psychosocial 

factors to initiate processes in both the central and 

peripheral nervous systems (Sapolsky, 1994). In 

this interaction, the biological aspect in the form 

of microorganisms in/on our body was found to 

play a possible role in stress management (Cryan 

and O’Mahony, 2011). 

 

  Microorganisms such as bacteria, fungi and even 

viruses, make up the microbiota in and on humans 

(Baron et al., 1994), sharing a symbiotic 

relationship. They often colonize humans at birth. 

From the very beginning of one’s life in passing 

through the birth canal, the human infant would 

acquire microbiota from the mother, and this 

acquisition process continues even when life ends 

to complete decomposition. While the microbiota 

was previously estimated to outnumber human 

cells by a ratio of 10:1 (Savage, 1977), recent 

studies have re-adjusted this ratio to be around 

1.3:1 (Sender et al., 2016). Within the human 

body, these microorganisms can be found in a 

variety of places such as the ears, nose, mouth, 

gut and even on the skin (Baron et al., 1994), 

given that these body locations provide the 

necessary nutrients to promote and sustain the 

growth of the microbiota. In return for these 

nutrients, the microbiota helps to outcompete 

harmful pathogenic bacteria from colonization 

(Tancrede, 1992), and contribute functionally, 

such as in digestion (Macfarlane and Macfarlane, 

2003), and modulating localized immune response 

(Macpherson and Harris, 2004). 

 

  Studies on the relationship between microbiota 

and behavior on male germ-free mice (mice 

grown in sterile environments) showed 

exaggerated amounts of stress hormones when the 

mice were subjected to mild restraint stress tests 

compared to control mice with normal microbiota 

composition and without prior exposure to 

specific pathogens (Sudo et al., 2004). These 

exaggerated stress hormones decreased when the 

germ-free mice were exposed to the fecal material 

of the control mice, with further reduction to 

normal ranges when fed with Bifidobacterium 

infantis (a common gut microbiota). The earlier 

the interventions were made, the greater the 

mailto:samuel.gan@jcu.edu.au
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reversal of effects. When using female germ-free 

mice, the levels of gut microbiota were found to 

be correlated with reduced anxiety behavior and 

central neurochemical changes during the elevated 

plus maze (Neufeld et al., 2011). Since the 

administration of Lactobacillus rhamnosus was 

also found to reduce stress-induced symptoms in 

the mice, it was evident that the gut microbiota 

can have modulatory effects on animal stress, 

with possible gender differences (via biological 

hormones).  

 

  In humans, reduced microbial diversity in gut 

was found to be associated with disease, even pre-

disease states. Obese individuals showed reduced 

bacterial diversity when compared to their leaner 

twin (Turnbaugh et al., 2009), and reduced 

microbiota diversity were also found in children 

with allergies (Y. Wang et al., 2009), rheumatoid 

arthritis (Vaahtovuo et al., 2008), and type 2 

diabetes (Wu et al., 2010). Expectedly, the 

perturbation of the body microbiota can also 

affect stress responses (Rhee et al., 2009), 

particularly in examples where gastrointestinal 

disorders were reported with microbiota 

dysfunction in the co-morbidity of stress-related 

psychological disorders (Clemente et al., 2012). 

This relationship has been found to be so 

significant that the gut microbiota is now often 

called the “second brain” in the gut-brain axis 

(Ochoa-Reparaz and Kasper, 2016). This raises a 

possibility that besides the gut microbiota, other 

body areas may have such relationship with the 

psyche as well.  

 

  Despite these findings, research in this area is 

met with challenges in participant recruitment and 

sample collections which is, highly varied and 

difficult operationally. To make things worse, the 

research is often further hampered by time-

consuming paperwork. Since human studies 

typically involve the anaerobic gut microbiota 

(bacteria to which oxygen is toxic), samples were 

collected either by the more invasive gut swabs or 

the contamination prone fecal sampling. Apart 

from being invasive to the participant and 

understandably unpleasant in working with human 

excrement, anaerobic culture methods require the 

tedious removal of oxygen from microbial 

culturing methods. As such, a less invasive and 

more pleasant sample collection alternative for 

humans is highly sought after.  

 

  Current literature on microbiota and 

psychological factors has two major 

shortcomings. Firstly, most of these studies were 

focused on animal studies with little validation in 

humans. While animals do exhibit similar 

chemical responses in stress such as the release of 

hormones, the difference in cognitive capabilities 

do not allow the same stress responses or 

management (Sapolsky, 1994). And the stress 

faced by modern humans such as those in the 

work place or in war, are often unique to the 

species. As such, the responses obtained from 

studies that focus purely on animals may not 

translate to humans. Secondly, the focus on the 

effect of gut microbes and their relationship with 

psychological factors, neglect the other areas of 

the human body that microbiota also flourish in, 

such as the ears and nose.  

 

  There are two general approaches to analyzing 

microbiota: diversity (types) and load/count. The 

complex nature of the host environment and the 

culture methods (e.g. aerobic/anaerobic) result in 

a great challenge to growing anaerobic gut 

microbiota that may result in biases. As such, 

opportunities to sample areas where the 

microbiota are aerobic or aerotolerant may allow 

for more accurate analysis.  While microbiota 

diversity can be correlated to the well-being of the 
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host organism (Bae et al., 2012; Frank et al., 

2010), it is also highly variable. For example, 

studies conducted in Colorado suggested the nasal 

microbiota to consist primarily of Actinobacteria 

spp and other phyla such as Firmicutes spp and 

Proteobacteria spp (Frank et al., 2010), but other 

studies, e.g. in Korea, found the nasal microbiota 

to consist mainly of Streptococcus pneumoniae, 

Haemophilus influenzae, Moraxella catarrhalis 

and Staphylococcus aureus (Bae et al., 2012). To 

add on the complication, Staphylococcus aureus 

bacteria colonization was also reported to be 

negatively correlated with other microbial groups 

such as Staphylococcus epidermidis (Frank et al., 

2010). Given the multiple confounding factors 

and natural complexity on microbiota diversity, 

and that current knowledge in this area remains 

insufficient, we sought a simpler sampling 

microbial analysis where instead of investigating 

diversity, we opted for microbial count alone as a 

biomarker. In doing this, we first sought to 

establish if there was a correlation between 

microbial load and the psychological parameters, 

and also if they contribute to well-being in 

relation to the hygiene hypothesis (a theory first 

reported by Strachan (1989) that the lack of early 

childhood exposure to microorganisms 

predisposes them to infections and immune 

diseases like allergies). The hygiene hypothesis is 

relevant here as it proposes a direct association for 

well-being (Renz et al., 2006) with respect to 

susceptibility of future infections, allergies (Wills-

Karp et al., 2001; Yazdanbakhsh et al., 2002), and 

autoimmunity (Okada et al., 2010). In addition, 

the interest in microbial load over that of diversity 

is that diversity-based interventions are more 

complicated when compared to the load/count-

based interventions, where there is no set standard 

to what constitutes as normal flora given that they 

can differ significantly from place to place, and 

also from region to region. In such a case, 

microbial load could be a more normalized 

criterion.  

 

  This study therefore aims to investigate: 1) the 

demographic factors of gender, religion, and 

ethnicity that may affect microbiota counts and 

the self-reported psychological measures; 2) the 

suitability of an aerobic/aerotolerant microbiota 

sampling method associated to self-reported levels 

of stress, well-being, and happiness in surveys. 

 

MATERIALS AND METHODS  

 

Recruitment & Microbiota Sampling  

procedures 

   With informed consent and ethics approval from 

James Cook University Human Research Ethics 

Committee (H6341), 134 participants aged 18-54 

years old (M= 23.99 + 6.51) were recruited over a 

period of five months from the student population 

of James Cook University, Singapore, with the 

exclusion of those with recent oto (ear) –rhino 

(nose) -larynx (throat) infections or having taken 

antibiotics three months prior to the sample 

collection. Participants were briefed on the study 

and that their participation were voluntary, and 

they could withdraw without prejudice at any time 

during the sample collection. Student participants 

received university course credits for their 

participation, while non-student participants were 

volunteers without incentives. Using 3 predictors 

(power = .95, f2=.15), a priori computation 

analysis conducted using G*Power 3.1.9.2 for 

multiple regression tests suggested a minimum 

sample size of 119. Twenty-eight participants 

were removed due to the lack of any bacteria 

isolated from the swabs. Thus only 106 

participants (65 male, 41 female) were analyzed. 

As the microbiological sampling method 

employed was non-invasive, and no human 

biological samples were collected/analyzed, but 
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rather that of surface bacteria, there wereno 

further restrictions on our adopted sampling 

method. 

 

  Microbiota sampling took place in a quiet room 

where the participants used sterilized cotton buds 

(by autoclave involving high pressure and high 

heat steam) to swab their oral cavity on the inside 

of the cheeks and each of their otic and rhino 

canals ten times in each orifice. The cotton buds 

were then kept in phosphate buffer saline (PBS) in 

anonymized numbered tubes for later matching to 

the surveys. The participants next completed the 

Perceived Stress Scale (PSS) (Cohen et al., 1983), 

Depression Happiness Scale (DHS) (Joseph and 

Lewis, 1998), and Short Form-36 (SF-36) 

(McHorney et al., 1994) surveys. During which, 

the microbial swabs were serially diluted 10X and 

100X with PBS before plating onto plate count 

agar (PCA) for common bacteria growth. The 

plates were incubated overnight at 37◦C and 

colony-forming unit/ml (cfu/ml) were counted. 

Statistical analyses including outlier, assumption 

testing and normality analyses were performed 

using IBM SPSS 24 (Statistical Package for 

Social Science).  

 

Psychological Measures 

  Surveys used in the study included a 

demographics sheet (age, gender, nationality, and 

exclusion criteria of prior infections and antibiotic 

treatment within three months) and three sets of 

self-reported surveys. The surveys were: (i) 

perceived stress scale, (ii) depression happiness 

scale, and iii) the Short Form 36 which measures 

well-being.  

 

  Perceived Stressed Scale (PSS) measured the 

self-reported perceived stress (Cohen et al., 1983). 

The PSS was reported to have a Cronbach's α = 

.78 to .91 (Cohen and Janicki-Deverts, 2012) and 

contained ten items rated using a five-point Likert 

scale (0 = never to 4 = very often). Items 4, 5, 7, 

and 8 were scored in reverse order before the total 

sum of the scores were tabulated. The total 

possible scores ranged from 0 to 40, where higher 

scores indicated higher perceived stress 

experienced over the past one month. The PSS 

was favored over other stress measurement scales 

for its low question count and high reliability and 

validity (Roberti et al., 2006). Additionally, there 

was a clear cut-off point making it easier for data 

analysis. The Cronbach’s alpha for this scale was 

.87 in this study.  

 

  Depression Happiness Scale (DHS) is a 25-item 

self-report questionnaire developed by McGreal 

and Joseph (1993) that measures for happiness 

and depression. Participants reported how they 

felt in the past week and rated the frequency of 

each item on a 4-point scale: never (0), rarely (1), 

sometimes (2), and often (3). The DHS was 

utilized for its dual measurement of depression 

and happiness as opposite ends of the spectrum. 

Contrary to other more established measures of 

depressions such as Beck’s Depression Inventory 

(Beck and Beamesderfer, 1974), the measurement 

of both extremes of the emotion still allowed 

satisfactory reliability and validity (Joseph and 

Lewis, 1998) and possessed only 4 additional 

questions. The Cronbach’s alpha for this scale 

was .91 in this study. 

 

  The Short Form 36 (SF-36) is a 36-item scale 

developed by Ware & Sherbourne (1992) to 

assess the self-reported perceived health and 

quality of life in an individual. Through the rating 

of items on Likert-type scales ranging from 2-3 

points to 5-6 points, the participant responded to 8 

subscales: 1) limitations in physical activities due 

to health problems; 2) limitations in social 

activities due to physical or emotional problems; 
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3) limitations in usual role activities due to 

physical health problems; 4) bodily pain; 5) 

general mental health (psychological distress and 

well-being); 6) limitations in usual role activities 

due to emotional problems; 7) vitality (energy and 

fatigue); and 8) general health perceptions. SF-36 

is also one of the most established scales for 

measuring perceived health with good reliability 

and validity (McHorney et al., 1993). In addition 

to its total score, the items in SF-36 can be 

divided into sub-scales allowing for deeper 

analyses. It should be noted that the subscales 

within the SF-36 do not possess the same 

psychometric strengths that the SF-36 possess and 

thus caution was placed for interpreting the results 

(Ware, 2000). The Cronbach’s alpha for this scale 

was .92 in this study. 

 

RESULTS  

 

  The data were analyzed using the IBM Statistical 

Package for Social Science (SPSS) version 20.0. 

All tests conducted were based on an alpha value 

of .05. Prior to detailed analysis, inspections of 

normal probability plots and scatterplots of 

standardized residuals against standardized 

predicted values showed that assumptions of 

normality, linearity and homoscedasticity of 

residuals were met. High tolerances were found 

for all predictors within the regression model, 

indicating that multicollinearity would not 

interfere with the multiple regression analysis.   

 

  Although the oral microbiota samples of the 

participants were collected, the absence of 

colonies in aerobic conditions from most of the 

oral samples demonstrated inconsistency in the 

aerotolerant microbial diversity. This was not 

surprising since we employed aerobic conditions 

and that the oral microbiota can be often 

anaerobic (Sutter, 1984). Therefore, for 

consistency, we excluded oral microbiota from 

further analysis. The microbiota load was 

analyzed as the total otorhino count, but also 

included independent total otic and total nasal 

separately.  

 

Demographic effects 

Gender 

  Using One-Way ANOVA (two-levels) and 

Table 1: Mean, Standard Deviation, and Correlations among variables (N=106) 

 Otorhino 

count 

Otic 

count 

Nasal 

count 
PSS SF-36 DHS Age 

1 Otorhino  count        

2 Otic count .874**       

3 Nasal count .571** .101      

4 PSS -.228* -.195* -.137     

5 SF-36 .199* .146 .162 -.699**    

6 DHS .180 .157 .105 -.722** .579**   

7 Age .017 .071 -.085 -.078 .134 .154  

Mean 1.56E+06 1.09E+06 4.73E+05 17.50 71.87 72.93 24.0 

Standard Deviation 1.91E+06 1.57E+06 9.30E+05 6.77 15.59 10.90 6.50 

Note. **p<0.01; *p<0.05 

Bivariate Pearson’s product-moment correlation coefficient analysis of total otorhino colony count, 

otic count, nasal count, Perceived Stress Scale (PSS), Short Form 36 health survey (SF-36), 

Depression-Happiness Scale (DHS) and age.  
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independent T-tests with gender as the factor, we 

found total otorhino microbiota count (as 

dependent variables) to be higher in males (~1.8 x 

10
6
 cfu/ml) than in females (~1.2  x 10

6
 cfu/ml, 

F(1,104) = 2.941, p= 0.045, η2 = .027; t(104) = 

1.718, p = 0.045, 1-tailed), with males having 

higher nasal microbiota (~0.6 x 10
6
  cfu/ml) than 

females at ~0.3 x 10
6
  cfu/ml, F(1,104) = 3.707, p 

= 0.029, η2 = .034; t(104) = 1.925, p = 0.029, 1-

tailed.  Women had higher PSS scores (19.85 + 

6.26) than males (16.02 + 6.70), F(1,104)=8.683, 

p = 0.002, η2 = .077; t(104) = 2.947, p= 0.002, 1-

tailed) with moderate effect size. Similarly, males 

reported higher DHS scores (74.86 + 11.05) than 

females (69.88  + 10.04) significantly at F(1,104) 

= 5.480, p = 0.011, η2 = .050; t(104) = 2.341, p = 

0.011, 1-tailed) with moderate effects, as well as 

for psychological well-being (~7342.41 + 15.41 

vs 69.41 + 15.74, F(1,104) = 4.831, p = 0.015, η2 

= .044; t(104) = 2.198, p=0.015, 1-tailed) with 

moderate effects.  There were no significant (p 

>0.05) gender differences found for total SF-36 

scores and its sub-scales (limitations in physical, 

usual roles, pain, health perception, and emotional 

issues), as well as for otic microbiota counts.  1-

tailed experiments were adopted as we expected 

males to exhibit higher microbial counts due to 

increased secretions from general higher 

metabolic rates.  

 

Ethnicity, Nationality, Religion, Age 

  Based on one-way ANOVA (two-levels), there 

were no significant differences found in all tested 

parameters (psychological and microbial) for 

ethnicity and religious affiliations.  For 

nationality, Singaporeans reported lower well-

being (DV being SF-36 scores of 70.35 + 15.81 vs 

79.85 + 11.78) than non-Singaporeans (F (1,104) 

= 5.528, p=0.021, η2 = .050) with moderate 

effects. However, non-Singaporeans reported 

significantly higher limitations due to emotional 

problems (SF-36 sub-scale scores of 86.27 + 

29.01 vs 68.16 + 38.24) and limitations in social 

activities due to physical or emotional problems 

(SF-36 subscales scores of 86.03 + 16.47 vs 73.60 

+ 22.41) significantly at F (1,104) = 3.425, p= 

0.034, η2 = .032 and F (1,104) = 4.728, p = 0.016, 

η2 = .043 (1-tailed) with small and moderate 

effects, respectively.   

 

Using linear regression, we did not find any 

correlations between age and total microbial 

count, perceived stress, well-being, and happiness. 

 

Link between microbiota load and 

psychological measures 

  Bivariate Pearson’s correlation analysis of nasal, 

otic, total otorhino microbial count, age, PSS, SF-

Table 2: Multiple Regression Analysis of the predictors of Microbial Count (DV) 

 

 

Unstandardized  

Coefficients 

Standardized 

Coefficients t Sig. 
Correlations 

B Std. Error Beta Zero-order Partial Part 

 

(Constant) 1398660.533 2674939.393  .523 .602    

PSS -44747.294 45204.627 -.159 -.990 .325 -.228 -.098 -.095 

SF-36 9219.822 16652.325 .075 .554 .581 .199 .055 .053 

DHS 3880.036 24611.013 .022 .158 .875 .180 .016 .015 

Multiple linear regression analysis of PSS, SF-36, DHS as predictors of total otorhino count. 
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36, and DHS (Table 1) revealed significant 

correlations between otic microbial count and 

PSS; total microbial count and both PSS and SF-

36; PSS and both SF-36 and DHS; and SF-36 with 

DHS. Expectedly, both otic and nasal counts were 

correlated to total otorhino microbial count. 

Multiple regression analysis of total nasal only, 

total otic only, and total otorhino microbiota count 

showed no significant effects on stress, well-being 

and happiness. Further analyses suggested that a 

large portion of the variance was shared among all 

three independent variables (IVs) of PSS, SF-36 

and DHS (“zero-order” was higher than the 

“partial” or “part” values, see Table 2). Total 

otorhino microbial count showed a significant 

regression equation with perceived stress (Table 

3A) and well-being (Table 3B) as well as with 

DHS (Table 3C). Individual regressions of the 

otic and nasal counts as co-factors with PSS, SF-

36, and DHS, did not yield significant regression 

Table 3A: Regression analysis between PSS and predictor: total otorhino microbial count (DV) 
 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
R 

Square 

Adjusted 

R Square 
B Std. Error Beta 

(Constant) 18.760 .833  22.531 .000   

Cell Count -8.074E-7 .000 -.228 -2.383 .019 .052 .043 

 

 

Table 3B: Regression analysis between SF-36 and predictor: total otorhino microbial count (IV) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
R 

Square 

Adjusted 

R Square 
B Std. Error Beta 

(Constant) 69.328 1.931  35.910 .000   

Cell Count 1.629E-6 .000 .199 2.073 .041 .040 .030 

 

 

Table 3C: Regression analysis between DHS and predictor: total otorhino microbial count (IV) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
R 

Square 

Adjusted 

R Square 
B Std. Error Beta 

(Constant) 71.323 1.355  52.641 .000   

Cell Count 1.032E-6 .000 .180 1.871 .064 .033 .023 

 

 

Table 3D: Regression analysis between PSS and predictor: otic microbial count (IV) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
R 

Square 

Adjusted 

R Square 
B Std. Error Beta 

(Constant) 18.411 .789  23.345 .000   

Otic -8.375E-7 .000 -.195 -2.024 .046 .038 .029 
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equations (Table 3E, F, G). When analyzed 

independently, with the exception of otic alone 

with PSS (Table 3D), total otic or total nasal 

counts also did not yield statistically significant (p 

>0.05) equations. This suggests that by itself, the 

otic or nasal count alone were insufficient for 

statistical significance, and analyses would benefit 

from a total count of both areas. 

 

DISCUSSION 

 

  We set out to investigate the relationship 

between the self-reported psychological measures 

of stress, general well-being, and happiness from 

surveys with the otorhino aerobic/aerotolerant 

microbial count in healthy human participants. 

This study is the first of its kind to utilize a more 

researcher and participant friendly sample 

Table 3E: Regression analysis between PSS and predictors: otic and nasal microbial count  

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
R 

Square 

Adjusted 

R Square 
B Std. Error Beta 

(Constant) 18.763 .837  22.410 .000  

 

.052 

 

 

.033 

Otic -7.858E-7 .000 -.183 -1.894 .061 

Nasal -8.632E-7 .000 -.119 -1.230 .221 

 

 

Table 3F: Regression analysis between SF-36 and predictors: otic and nasal microbial count 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
R 

Square 

Adjusted 

R Square 
B Std. Error Beta 

(Constant) 69.282 1.938  35.750 .000  

 

.043 

 

 

.025 

Nasal 2.497E-6 .000 .149 1.538 .127 

Otic 1.294E-6 .000 .131 1.347 .181 

 

 

 

Table 3G: Regression analysis between DHS and predictors: otic and nasal microbial count 

  

 

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 
R 

Square 

Adjusted 

R Square 
B Std. Error Beta 

(Constant) 71.322 1.363  52.346 .000  

 

.033 

 

 

.014 

Nasal 1.049E-6 .000 .090 .919 .360 

Otic 1.025E-6 .000 .148 1.519 .132 

 

Linear regression analyses of the correlations between the psychological measure (DHS, SF-36 and 

PSS) and microbial counts.   
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collection method. Given the aerobic/aerotolertant 

nature of otorhino microbiota when compared to 

the anaerobic makeup of the gut microbiota, 

culture conditions were significantly less invasive, 

pleasant, and more convenient for research. 

Although we had collected oral microbiota, we 

found it to vary significantly from individual to 

individual where the majority of the samples 

collected had no colony growth in our aerobic 

conditions. This was expected given the anaerobic 

nature of the oral microbiota (Sutter, 1984), and 

thus our analyses were restricted only to the 

microbial load of the otorhino cavities.  

 

  In our collection of microbiota samples, we 

found 28 participants to have no microbial growth 

in all their cultures. Possibilities for this can 

include the fastidious nature of the microbiota to 

non-compliance to the sampling instructions. As 

such, the data from these participants were 

excluded. Nonetheless, this was less of a problem 

compared to a previous study where 46% of their 

cultures yielded no growth, even when taken by 

medical professionals (Rusan et al., 2009). While 

pre-admission antibiotics were likely the major 

contributing factor for their study, it was unlikely 

to account for such high numbers of no growth. 

Regardless, both participants and researchers 

preferred to have the participants sample 

themselves, and our lower percentage of no 

growth at ~21% support our collection method.  

 

  With the exception that otic microbiota was 

inversely correlated with perceived stress, our 

demographic analysis of the nasal and otic 

microbiota separately did not yield any notable 

associations with the psychological measures. 

Such findings push for further studies to be 

inclusive of both otic and rhino counts rather than 

any one area alone given that statistically, more 

sampling areas would better represent the body 

microbiota. In our gender analysis, males had 

higher nasal microbiota count than females (but 

not for total otorhino or otic count alone), reported 

lower stress levels, higher happiness, and higher 

psychological well-being. While the reasons for 

such observations may be mediated by sex 

hormones (e.g. gender effects on microbial load as 

suggested by Yurkovetskiy et al. 2013), we 

acknowledge that there could be other socio-

economic-political factors that are beyond the 

scope of this study, and it would too speculative 

to discuss further on this.  

 

  We did not find microbial load or the other 

psychological factors (stress, well-being, and 

happiness) to be affected by age although a 

previous study reported such correlations for 

microbial diversity (Hopskins et al., 2001). Our 

results suggest that microbial load was more 

consistent than microbial diversity, thus making it 

more reliable a parameter for such studies.  

Nonetheless, microbial load by itself does have 

limited biological significance, as a high 

microbial load does not provide information on 

levels of harmful or beneficial bacteria which 

would clearly make a difference. Yet, for direct 

simple measurements, microbial load does not 

incur high biomedical research costs typical of 

microbial identification experiments.  

 

  In our study, Singaporeans reported lower well-

being than non-Singaporeans. However, the latter 

reported more constraints due to emotional and 

social activity limitations, which can be expected 

for non-natives in a foreign land.  

 

  The same lack of significant effects by religious 

affiliation and ethnicity was also prevalent in our 

study, demonstrating that our sample population 

was relatively homogenous on the psychological 
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measures and microbiota despite these 

differences.  

When analyzing the microbiota load, our results 

were contrary to previous experiments on animals 

(Bravo et al., 2011) and humans (Rao et al., 2009) 

where we did not find happiness to correlate to 

microbiota. Such discrepancies may be due to 

different sampling locations or diversity, and by 

the fact that happiness is often influenced by 

culture, religions, amongst other socio-economic 

factors. 

 

  Regardless of the finding on happiness from the 

DHS scale, we found inverse correlation for 

microbiota counts to perceived stress and well-

being (perhaps lending limited support to the 

hygiene hypothesis that excessive cleanliness may 

not be good for health). As a between-subjects 

study, we were not able to determine causality 

effects, and the exact mechanisms and even the 

direction for the relationship remain enigmatic. 

Between stress, well-being, and otorhino 

microbiota, the cause and effect or even mediation 

effects would be at best, speculative.  

 

  On the causative relationship between stress and 

microbiota, research have suggested that bacteria 

can mitigate stress responses (Neufeld et al., 

2011; Sudo et al., 2004) via nerves. A study using 

Salmonella Typhimurium bacteria found 

upregulated c-fos gene expression within the 

paraventricular and supraoptic nucleus of the 

hypothalamus of mice after intubation of the 

bacteria (Wang et al., 2002). The effects were 

ablated with a vagotomy (severing of the vagus 

nerve), as also shown in probiotic experiments 

(Bravo et al., 2011).  

 

  On the other hand, other studies have suggested 

stress to be the mitigating factor on microbiota. In 

one such proposal was that stress-induced 

hyperthermia (Oka, 2015) observed in rats (Zethof 

et al., 1995), pigs (Parrott et al., 1995), rabbits 

(Frosini et al., 2003), and humans (Briese, 1995) 

could affect the microbiota (Pickering, 1958). 

Similarly, stress-induced increased permeability 

of mucosal membranes mediated by stress 

hormones, e.g. hormone corticotropin-releasing 

factor (CRF) (Bloom et al., 1982), also 

antagonized microbial attachment (Barbara et al., 

2005; Huycke and Gaskins, 2004). In fact, the gut 

permeability changes were found to be three-fold 

twelve days after CRF administration (Teitelbaum 

et al., 2008), proposing an alternative explanation 

to why stressed individuals had reduced 

microbiota. This may explain our findings on 

perceived stress since the otorhino canals are also 

mucosal membranes.  

 

  Current literature in the field remains uncertain 

to the exact direction of microbiota-stress 

relationship. Nonetheless, as in bodily 

physiological responses, there is likely to be a 

homeostatic feedback mechanism involved, where 

one parameter (stress or microbiota) would likely 

affect the other in a balancing relationship. By 

manipulating this balance, it may be possible to 

modify microbiota load or diversity as an 

intervention for stress management. Nonetheless, 

there is a clear dearth of research in this area, on 

humans. While our study demonstrated an inverse 

correlation between the microbiota counts with 

stress and well-being, the results were not 

completely unexpected given the earlier studies in 

germ-free mice exhibiting more stress and anxiety 

in tests. There is still much to be investigated, 

particularly on diversity (if research funds and 

timespans allow), more aerobic areas (to include 

skin swabs of certain regions), and a control 

against the presence of anaerobic bacteria 

together. 
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  Our pioneering “Psycho-otorhinomicrobiology” 

study found the less-invasive nose and ear 

microbiota sampling methods to be more pleasant 

for research, where this sample collection method 

could be used for future research without 

incurring high research costs, long research 

timespan, and also reducing ethical application 

concerns. While we acknowledge that there could 

be inter-participant variations in their levels of 

comfort on scraping their facial canals and their 

own self-biases in the self-reported surveys, such 

sampling methods may be the best way forward. 

Even our findings for the oral microbiota, which 

was eventually dropped, demonstrated the 

challenges involved in sampling anaerobic 

regions. With improved methods and future 

research, the advent of “Psycho-

otorhinomicrobiology” in the complex interaction 

between brain, mind, and physiology might be 

just around the corner. 
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