
Article title: Airborne bacterial species in indoor air and association with physical factors

Authors: Anne Mette Madsen[1], Saloomeh Moslehi-Jenabian[2], Mika Frankel[3], John Ker White[4], Margit W.

Frederiksen[5]

Affiliations: national research centre for the working environment, lersø parkallé 105, 2100 copenhagen ø, denmark[1],

division of clinical microbiology, karolinska university hospital, stockholm, sweden[2]

Orcid ids: 0000-0002-5895-7521[1], 0000-0003-3485-5958[4], 0000-0001-7184-1171[5]

Contact e-mail: amm@nrcwe.dk

License information: This is an open access article distributed under the terms of the Creative Commons Attribution

License (CC BY) 4.0 https://creativecommons.org/licenses/by/4.0/, which permits unrestricted use, distribution and

reproduction in any medium, provided the original author and source are credited.

Preprint statement: This article is a preprint and has not been peer-reviewed, under consideration and submitted to

UCL Open: Environment Preprint for open peer review.

Funder(s):Funder(s):||Funder(s): Grundejernes Investeringsfund

DOI: 10.14324/111.444/000195.v1

Preprint first posted online: 30 January 2023

Keywords: Bacillus megaterium, bacteria, exposure, home environment, indoor air, indoor humidity, MALDI-TOF MS,

Paracoccus yeei, room-to-room variation, seasonality, Built environment, Health



Dear Journal – UCL Open Environment                                                                         30 January 2023 

 

We hereby want to submit the paper: Airborne bacterial species in indoor air and association with physical 
factors. The study was presented at ICMB21, and is supposed to be part of the special issue for ICMB21. 

Background information about bacteria: Bacteria are divided into many different genera, and these genera 
are divided into many different species. One species in a genus can be a pathogen while another species 
within the same genus can be beneficial for humans. Some species are well-known human pathogens, others 
are described as emerging pathogens, and most species are not pathogens but may cause inflammation. 
Therefore, knowledge about which bacterial species are present in indoor air and which factors have an 
impact on this is important.   

The contribution of this study: We have identified airborne bacteria down to species level in 52 Danish 
homes. Many bacterial species were present, and of these species, 11 were present in several homes.  Some 
of the found species are classified as pathogens e.g. Paracoccus yeei which can cause eye infection and 
Bacillus cereus which is a food-poisoning agent. Some species can cause disease in persons with a weakened 
immune system, e.g. Moraxella osloensis and Rhizobium radiobacter. Some species are emerging human 
pathogens, and other normal skin bacteria. 

We found a room-to-room variation in concentrations of bacteria, but an overlap in bacterial species across 
rooms within a home. The bacterial species composition varied between seasons. The concentrations of some 
bacterial species were highest when the air change rate was lowest and in homes with the smallest area per 
occupant. Concentrations of some species were highest when the relative humidity was highest.  

We conclude that, across homes and room types within homes, occupants are exposed to some of the same 
cultivable bacterial species, and decreasing the relative humidity, and increasing the air change rate and area 
per occupant may be a strategy to reduce the exposure to some bacterial species. 

Relation to previously published work: Previously focus has mainly been on fungi in indoor air, in some 
fewer studies on bacterial genera. In this study, the focus is on bacterial species, and we show that occupants 
will be exposed to some of the same bacterial species at a daily level. The bacterial species found in the 
homes belong to genera which have previously been found in homes in other studies.   

This study found a within-home variation (room-to-room) for concentrations of airborne bacteria. Thus, 
airborne bacterial concentrations were not uniform throughout the homes. This is in agreement with a study 
of homes in the United Kingdom. In spite of this, no significant variation was observed for the general room 
type except for a lower concentration in the basement. In a study from the USA, bacterial concentrations in 
the cellars were lower than in the bathrooms.  In this study, there was a tendency towards the highest 
bacterial concentrations and humidity in the bathrooms. The lack of a general effect of room type for 
bacterial concentration is in accordance with what is found in Chinese homes. This indicates that the 
variation in exposure found between rooms may not be attributable to what the rooms, in general, are used 
for, or that it is also affected by other factors such as e.g. how much the windows are opened. 

In this study, we have investigated whether concentrations of selected bacterial species (Paracoccus yeei, 
Bacillus pumilus, Kocuria palustris, Kocuria rhizophila, Micrococcus luteus, and Micrococcus flavus) seem 
to be affected by the factors: relative humidity, temperature, season, air change rate, and area per occupant. 
To our knowledge, this is the first study to investigate this. Other studies have investigated associations 
between bacteria considered as a unified group or staphylococci and the mentioned factor. In this study, we 
found that concentrations of some bacterial species decrease with increasing air change rate – this is in 
accordance with what is found for bacteria as a unified group and staphylococci. We found that 
concentrations of three bacterial species were highest when the indoor relative humidity was highest – in 



studies of bacteria as a unified group, this association has not been found. This may be because different 
species have different preferences. 

Type of paper: The paper is a research paper with measurements in 57 homes, and in 5 of the homes 
measurements have been done repeatedly throughout a year. Air samples taken in the homes have been 
analysed in the laboratory. 

Yours sincerely, Anne Mette Madsen 
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Abstract  

The aim of this study is to obtain knowledge about which cultivable bacterial species are present in indoor 

air in homes, and whether the concentration and species composition of airborne bacteria is associated with 

different factors. Measurements have been performed for one whole year inside different rooms in 5 homes 

and once in 52 homes. Within homes, a room-to-room variation for concentrations of airborne bacteria was 

found, but an overlap in bacterial species was found across rooms. Eleven species were found very 

commonly and included: Acinetobacter lowffii, Bacillus megaterium, B. pumilus, Kocuria carniphila, K. 

palustris, K. rhizophila, Micrococcus flavus, M. luteus, Moraxella osloensis, and Paracoccus yeei.  The 

concentrations of gram-negative bacteria in general and the species P. yeei were significantly associated with 

the season with highest concentrations in spring.  The concentrations of P. yeei, K. rhizophila, and B. 

pumilus were associated positively with relative humidity, and concentrations of K. rhizophila were 

associated negatively with temperature and air change rate. Micrococcus flavus concentrations were 

associated negatively with air change rate. Overall, this study identified species which are commonly present 

in indoor air in homes, and that the concentrations of some species were associated with the factors: season, 

air change rate, and relative humidity. 

Key words: Bacillus megaterium, bacteria, exposure, home environment, indoor air, indoor humidity, 

MALDI-TOF MS, Paracoccus yeei, room-to-room variation, seasonality. 

  



1. Introduction 

Airborne bacteria in indoor environments are confirmed or presumed causal agents of various infectious 

diseases (1, 2). In addition, airborne bacteria are inflammogenic (3) and seem to be involved in either an 

increase or decrease in the risk of developing asthma and atopy (4, 5). Indoor work activities such as e.g. bed 

making (6, 7) can aerosolize bacteria, but whether concentrations of airborne bacteria in a home are related 

to room type is not clear. Concentrations of airborne bacteria are often higher in homes than in offices (8), 

and since the Covid-19 pandemic, more office work is occurring from homes. Generally, studies comparing 

the indoor and outdoor levels of bacteria have found that the indoor: outdoor ratios are above 1 (9-14).  

Exposure assessment using personal samplers, e.g. the GSP (Gesamtstaubprobenahme), actively sampling 

airborne inhalable dust, is expected to be a good measure of personal exposure [19]. However, the sampling 

activity may interfere with everyday life in a home, due to e.g. noise of the sampling pump, and the necessity 

of the presence of a technician; thus only a few studies of this kind have been performed. Instead, bacteria in 

surface dust are studied, however the exact age of surface dust is unknown, and some of it may not have 

been airborne. Alternatively, the EDC (Electrostatic Dust Collector) sampling airborne dust by sedimentation 

on a cloth has been used in homes, offices, and social rooms at workplaces (15-19).  

Air is an important transmission route for bacteria and therefore it is important to obtain knowledge about 

which bacteria are present in the indoor air and which factors affect this presence. In a review paper it is 

suggested that outdoor bacteria from plants may enter the building through ventilation systems, doors, 

windows, attached to people, pets, and other objects, and as a result, affecting the indoor concentration level – 

but also that information on these factors is still not well understood (20). 

Potential health risks of bacteria are for many species evaluated at species level, and Matrix-assisted Laser 

Desorption Time of Flight (MALDI-TOF MS) is revealed as a reliable and useful method for identification 

of bacteria from the indoor environment (1, 17). Using MALDI-TOF MS for identification, it has been 

shown that the concentration of indoor Staphylococcus is associated with the indoor air change rate (ACR) 

and area per occupant indicating that it might be possible to affect the presence of Staphylococcus in indoor 

air (17).  In contrast relative humidity (RH) of indoor air was not associated significantly with the 

concentration of viable bacteria in general (12) and with the commonly present genera Staphylococcus, 

Bacillus, Kocuria, and Micrococcus  (17).  

The aim of this study is to obtain knowledge about which bacterial species (non-Staphylococcus species) are 

present in indoor air in Danish homes, and whether the factors: season, ACR, RH, and occupants per area 



affect the concentration of the most abundant bacterial species in living rooms. To obtain knowledge about 

whether the concentration of bacteria is related to room type we also study room-to-room variation. 

2. Methodology 

Study design 

All homes were located in the Greater Copenhagen area. Sampling has been performed 6 or 7 times evenly 

distributed throughout one 1 year in five homes (called 1, 2, 3, 4, 5) in living rooms, bedrooms, and 

bathrooms, and in 3 homes also in the kitchens, and in two homes also in the basements using 

Gesamtstaubprobenahme samplers called GSPs (Study A, 127 samples). Homes 1 and 2 had pets; homes 1-4 

had natural ventilation while home 5 had mechanical ventilation; home 4 had previously had moisture 

problems. In the same five homes sampling was also performed during each season in living rooms using 

EDCs (ZEEMAN, Alphen, Holland; Study B, 20 samples). In study C, EDC samples were taken in another 

52 living rooms; these samples were taken in autumn, winter, or spring, with one sample per home. Dust 

samples and data on indoor: air change rate (ACR), Relative humidity (RH), and temperature as well as area 

per occupant are obtained from other studies (12, 17, 21). 

Sampling and extraction  

The GSPs were mounted with polycarbonate filters (37 mm, pore size 1.0 µm; GE Water and Process 

Technologies, CO, USA), and they sampled airborne bacteria for 6 h from morning to afternoon. The EDC 

has a surface sampling area of 0.0209 m2 (19 × 11 cm) and samples passively. The EDCs were placed on an 

open surface at 1.2-1.5 m above floor level, allowing dust to settle for 1 month.  Extraction of dust from 

EDCs was carried out no later than 24 hours post-sample retrieval and extraction of dust from GSP filters no 

later than 2 hours post-sampling. Dust from EDC cloths and GSP filters was extracted according to our 

previous studies (12). Briefly, for EDC cloths 20.0 ml pyrogen-free water containing 0.85% NaCl and 0.05% 

Tween 80 was added to a 50 ml tube with one EDC cloth inside and the bacteria were extracted by orbital 

shaking (500 rpm) for 60 minutes. For the GSPs the filters were extracted in 5.0 ml of the same solution by 

orbital shaking (500 rpm) for 15 minutes, at room temperature. The suspension was harvested and an amount 

of 1.0 ml of the dust suspension was mixed with 0.5 ml glycerol and kept at – 80°C until they were plated on 

an agar medium.  

Plating and identification of bacteria 

An amount of 300 µl of each dust suspension from studies A and B was plated on nutrient agar plates (NA) 

and incubated at 25°C. From study C, an amount of 200 µl was plated on NA. All bacterial colonies were 

counted after 1 week of incubation.  In study A, samples taken at the same time as the samples for study B 

were used for identification of bacteria (20 samples). Also from study A, samples from all rooms from a 



summer sampling round were used for identification of bacteria (18 samples). From study B (20 samples) 

and study C (52 samples), bacteria in all samples were identified. 

Bacterial isolates were identified by matrix-assisted laser desorption-ionisation time-of-flight (MALDI-TOF) 

mass spectrometry (MS) by using a Microflex LT mass spectrometer (Bruker Daltonics, Germany). A 

bacterial test standard (Bruker Daltonics) was used to calibrate the instrument, following the guidelines of 

the manufacturer. Spectra were analysed using Bruker Biotyper 3.1 software. Bacterial isolates were 

prepared using the extended direct transfer method (22).  

Data treatment 

Bacterial concentrations were calculated as time-weighted average (TWA). The room-to-room variations are 

presented as geometric mean (GM) values with confidence limits. The species from EDCs are presented as 

colony forming units (CFU) of the species/m2/day and GSP data as CFU of the specific species or genera/m3 

air. Room-to-room variation in bacterial concentrations, Rh, and temperature within homes was analysed 

using GLIMIX with random effects of season, sampling day, and home, and General linear models (GLM). 

The association between bacterial concentrations (Study A and B), ACR, RH, temperature, and season were 

calculated using GLIMIX with random effect of home. Microbial diversity analyses were performed in 

Rstudio version 3.5.3 using the R CRAN  package vegan . Comparisons of microbial diversity between 

seasons were performed using the analysis of similarity (ANOSIM) function according to Jaccard index 

values (23). The association between bacterial concentrations (Study C), ACR, area per occupant, RH, 

temperature, and season were also calculated using GLIMIX.  These analysis were done in SAS version 9.4. 

The most dominating species in terms of bacterial concentration are presented as relative concentrations. 

Only data on species other than Staphylococcus are part of this study.   

 
3. Results 

Room-to-room variation  

The GM concentrations of bacteria were across rooms and homes 519 CFU/m3 [253, 1063]. A room-to-room 

variation within the five homes was found if data were analysed unaffected by home (p=0.0089) with lowest 

bacterial concentrations in the cellars (Table 1), and when analysed with random effects of season and home 

(p<0.0001). In home 1, a high bacterial concentration was found in the bathroom. The temperature (p<0.0001) 

and relative humidity (p=0.0003) were different in the different room types. Thus temperature was lower in 

the basements and bedrooms than in the other rooms. The RH was higher in the bathrooms (p=0.016) and 

basement (p=0.025) than in the living rooms while the kitchens tended to have lower RH than the living rooms 

(p=0.064). 

 



Table 1. Concentrations of bacteria (GM, CFU/m3) in different rooms in homes 1-5.  

 Across homes CFU/m3 Within homes CFU/m3 
Rooms n1) GM Cl2) 1 2 3 4 5 

Bathroom 34 761a 3) [417, 1386] 1088a 695a 389a 2479a 414ab 

Basement 13 144b [62, 336] - 98b - 225b - 

Bedroom 34 746a [366, 1520] 609b 433ab 700a 2047a 706a 

Kitchen  13 279a [118, 662] 478b - 176a - - 

Living room 33 509a [278, 934] 309b 1015a 273a 1469a 295b 

P-values4)  <0.0001  0.078 0.0038 0.23 0.019 0.087 
1)n=numbers of samples, 2)Cl=confidence limit. 3)Numbers in the same column followed by the same letter are 
not significantly different.4)P-values for comparisons of bacterial concentrations between room types. 

  

In one summer sampling round, the bacteria from the different rooms were identified. The three bacterial 

species found in the highest concentrations in all rooms were the same within the same home; in all homes, 

Micrococcus luteus was among these three species. Other dominating species are mentioned in brackets (Home 

1: Sphingomonas aerolata and Lysinibacillus; Home 2: Bacillus licheniformis and Arthrobacter sulfonivorans; 

Home 3: Moraxella osloensis and Paracoccus yeei; Home 4: Kocuria palustris and K. rhizophila; Home 5: 

Moraxella osloensis and P. yeei. 

Bacterial species in living rooms 
Bacteria were identified in one sample per season in the living rooms of the five homes (Study A). Some 

species were observed frequently, but in low concentrations, e.g. Mo. osloensis, while other species e.g. B. 

megaterium and Paenibacillus glucanolyticus were observed seldom but when observed they were present in 

high concentrations. The gram-negative bacterium P. yeei was observed repeatedly, and it constituted a large 

part of the airborne gram-negative bacteria (Fig. 1a). Fourteen different Bacillus species were found (Fig. 1b). 

Of gram-positive bacteria (other than Bacillus species) the species K. rhizophila was found in many samples 

and in high concentrations (Fig. 1c).  

  



 
Fig. 1 abc. Gram-negative bacteria (a), the fourteen Bacillus species (b), and gram-positive bacteria other 
than Bacillus and Staphylococcus (c) found in the living rooms of the five homes with one sample from 
each season (Study A); all presented as % of total isolates within the category.  

To see whether there is an overlap in bacterial species as sampled using GSPs during one day each season 

(Study A) versus using EDC samplers for long-term sampling (study B) the bacterial species found in the 

highest concentrations in the five homes are presented in a Venn diagram and an overlap in species is found 

(Fig. 2). In addition, irrespectively of whether samples were taken using an EDC or GSP sampler, the 

microbial diversity and abundance varied based on seasonality with especially winter being different 

(ANOSIM, p = 0.007). 

To get an impression of bacterial species in living rooms of Danish city homes in general, 52 samples taken 

using EDCs were screened for bacterial species (study C), and the 25 species found in highest concentrations 

are presented in the Venn diagram. Eleven species were found in high concentrations in the living rooms of 

the five homes unaffected by the sampling method and in the 52 homes (Fig. 2). A list of species found in 

more than one home can be found in Table s1. 
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Fig. 2. The 25 dominating bacterial species in samples from the living room in 5 homes with repeated 
measurements using GSPs (A) for sampling once per season using EDCs (B), and once in the living room 
of 52 homes using EDCs (C). The A, B, and Cs following some bacterial names indicate that the bacterium 
has also been found in study A, B, or C – but not among the 25 dominating species, and the symbol ‘–‘ 
indicates that the bacterium is Gram-negative.  

Concentrations of selected bacterial species as affected by indoor physical factors 
For some of the species we have found most frequently and for gram-negative species considered together, we 

have studied factors which may affect the measured concentration. Associations with P-values < 0.1 are 

considered significant. In study A, the concentration of gram-negative bacteria as measured using the GSP 

samplers was affected by season (p=0.0016) with lower concentrations in summer than in winter. The 

concentration of P. yeei tended to be associated negatively with increasing temperature and was affected by 

the season with the highest concentrations in spring.   Micrococcus flavus was associated negatively with ACR 

and B. pumilus positively with RH. Kocuria rhizophila was associated positively with RH and negatively with 

temperature and ACR (Table 2).  



 

Table 2. Associations between concentrations of airborne bacteria as measured using GSP samplers 
repeatedly in the living room of five homes, and ACR, RH, temperature, and season (Study A). 

Fixed factor Paracoccus yeei Bacillus pumilus Kocuria palustris Kocuria 
rhizophila 

Micrococcus 
luteus 

Micrococcus 
flavus 

 Estimate  p-value1) Estimate p-value Estimate p-value Estimate p-value Estimate p-value Estimate p-value 

Each factor studied separately   
ACR -0.41 0.39 -0.24 0.40 -0.14 0.52 -0.37 0.091 -0.26 0.12 -0.48 0.059 
RH 2.40 0.52 6.78 0.0002 5.21 0.096 7.44 0.022 -0.17 0.94 -0.26 0.95 
Temperature -5.56 0.15 -0.046 0.31 -0.12 0.048 -0.14 0.051 -0.0075 0.11 -0.017 0.84 
Season3)  - 0.081 - 0.0045 - 0.019 - 0.069 - 0.077 - 0.63 

Spring 1.46 0.042 0.060 0.85 -0.27 0.59 -0.40 0.52 0.49 0.26 0.10 0.90 
Summer -0.25 0.70 0.060 0.85 -0.50 0.34 -0.71 0.26 -0.58 0.18 -0.75 0.37 
Autumn 0.18 0.78 1.19 0.0019 1.21 0.031 0.98 0.13 0.42 0.34 0.22 0.79 
Winter reference Reference Reference reference reference reference 

Stepwise regression2)     

ACR - - - - - - -0.51 0.0059 - - -0.48 0.059 
RH 8.85 0.064 6.78 0.0002 - - 8.70 0.0025 - - - - 
Temperature - - - - - - - - - - - - 
Season - 0.036 - - - 0.019 - - - - - - 

Spring 1.54 0.034 - - - - - - - - - - 
Summer - - - - - - - - - - - - 
Autumn - - - - 1.21 0.031 - - - - - - 
Winter reference Reference Reference Reference Reference Reference 

1) P-values below 0.1 are in bold; concentrations are compared using the GLIMMIX procedure with Poisson distributed data; 
estimates (β-coefficients) are presented. 2) Statistically significant factors in the stepwise regression with backward regression.3) 

Relative to winter. ACR=air change rate; RH=relative humidity. 

 

In study B, K. rhizophila was associated negatively with temperature (β=-10.0, p=0.031); other associations 

were not significant. In the cross-sectional study (study C), associations were found between area per occupant 

and K. palustris concentration (β=-1.6, p=0.091), and temperature and M. flavus concentration (β=-21, 

p=0.079). 

4. Discussion 

In this study, we show that cultivable  K. palustris, K. rhizophila, M. luteus, M. flavus, B. pumilus, K. 

megaterium, K. carniphila, Acinetobacter lowffii, Mo. osloensis, and P. yeei are common in indoor air in homes 

in Greater Copenhagen, in addition to the previously found Staphylococcus species (17). These results were 

unaffected by the sampling method stable. Thus, people seem to be exposed to these bacteria via inhalation on 

daily basis.  

Some of the found species are classified as risk class 2 pathogens e.g. P. yeei which has caused e.g. keratitis 

and conjunctivitis (24, 25) and B. cereus which is a food-poisoning agent (26). Some are described as 

opportunistic pathogens, e.g. Mo. osloensis (e.g. in the airways of an elderly patient (27)) and Rhizobium 

radiobacter (e.g. pneumonia in a cancer patient (28)). Kocuria species are described as emerging human 

pathogens (29). An underlying mechanism explaining many health effects of exposure to airborne particles is 

the ability to induce the formation of reactive oxygen species (ROS) within the airways. There is limited 



knowledge on the ability of different species to induce ROS production (without infection), but few studies 

indicate differences at the species level (30, 31).  

Many of the found species have previously been found in quite different environments. The bacteria found in 

high concentrations, P. yeei, B. megatarium, and M. luteus, have previously been found on indoor surfaces 

(32, 33), but also as airborne bacteria in totally other environments such as wastewater treatment plants (34), 

pigeon coops (35), and on workers’ clothes (36).  We have found many different Bacillus species and a high 

species richness of Bacillus has also been found in air samples from different occupational settings (35, 37) as 

well as on indoor surfaces (32).  When considering the bacteria at the genus level the genera Kocuria, 

Micrococcus, Bacillus, and Paenibacillus were among the dominating, and these genera were also dominating 

in indoor air in Hong Kong and China (reviewed in (20)).  

This study found a within-home variation (room-to-room) for concentrations of airborne bacteria. Thus, 

airborne bacterial concentrations were not uniform throughout the homes during the time of sampling, which 

is in agreement with a study in homes in the United Kingdom (38). In spite of this, no significant variation was 

observed for general room type (e.g. bathroom vs. living room) except for a lower concentration in the 

basement. Furthermore, the same bacterial species were found in the highest concentrations in all rooms within 

the same home. In a study from the USA, bacterial concentrations in the cellars were lower than in the 

bathrooms, while cellars, kitchens, and bedrooms did not differ significantly (14).  In this study, there was a 

tendency towards the highest bacterial concentrations and humidity in the bathrooms, while the bedrooms also 

had high bacterial concentrations but low temperatures. The lack of a general effect of room type for bacterial 

concentration is in accordance with what is found in Chinese homes (39). This indicates on one hand that the 

variation in exposure found between rooms may not be attributable to what the rooms in general are used for, 

or that it is also affected by other factors as e.g. ACR. In this study, the repeated sampling using GSP samplers 

in the five homes was done in the daytime while the occupants mainly were not at home. Previous studies have 

shown that bacterial concentrations in indoor air are higher in presence of occupants (21).  

For some bacterial species, associations between concentrations in living rooms and seasons were found. Thus 

Paracoccus yeei was found in the highest concentrations in the spring. The habitat of P. yeei seems not to be 

well characterized, and in research papers, it is mainly described concerning infections. Thus we do not know 

the source of exposure to this bacterium. Paracoccus yeei is a gram-negative bacterium, and for gram-negative 

bacteria in general lower concentrations were found in summer than in winter. This may be related to the 

impact of UV light on bacterial survival.  

The two species B. pumilus and K. palustris were found in the highest concentrations in autumn. These bacteria 

have previously been found in soil. At the genus level, we have previously observed that Kocuria is present in 

the lowest concentrations in summer (17). Kocuria palustris, K. rhizophila, and M. flavus were associated 

negatively with indoor temperature. For the two Kocuria species, this is in accordance with what has previously 



been found for the genus and in contrast to what is found for the genus Staphylococcus (17) and bacteria in 

general in Greek homes (40).  

Human skin is shed into the indoor air (41), and therefore it could be expected that the concentration of skin-

related bacterial species is negatively associated with ACR. The two species K. rhizophila and M. flavus were 

associated negatively with ACR and thus seem not to enter by open windows or ventilation systems.  These 

species are not described as skin-related bacteria, but K. rhizophila has been found on the skin (42). Another 

transmission route to the home environment may be clothing and in particular work clothing from 

environments with high exposure to bacteria. Thus a recent study has shown that bacteria accumulate on work 

clothing in high amounts during a workday and that bacteria may be released from the clothes to the home air; 

in fact, cultivable K. rhizophila has been found on work clothes together with more than 200 different 

cultivable bacterial species  (36, 43). In study C, the K. palustris concentration was associated negatively with 

area per occupant. Therefore, it may also have human or human activity as source. The habitats of this species 

are not well described, but it has been isolated from very different environments including human skin (44), 

workers’ hands (22), human noses (45), and marine algae (46). In a study about bacterial genera in outdoor 

air, Bacillus and Acinetobacter but not Kocuria were among the most frequently found genera (47). 

  Micrococcus luteus was very common in indoor air in this study, and it is described as a skin-related 

bacterium. Despite that, it was not associated significantly with ACR or area per occupant. Furthermore, the 

species did not show seasonality. The lack of association between the studied factors and concentrations of M. 

luteus might be because this species has several sources as it is found both in soil, dust  (48), airways, and 

human skin (49). It has also been found in school air (48) in the air and on hand palms in occupational settings 

(22). 

5. Conclusion 

Across homes and room types within homes, occupants are exposed to some of the same cultivable bacterial 

species typically including:  K. palustris, K. rhizophila, M. luteus, M. flavus, B. pumilus, B. megaterium, K. 

carniphila, Acinetobacter lowffii, Mo. osloensis, and P. yeei. Concentrations of P. yeei were associated 

significantly with the season. Bacterial concentrations were not uniform throughout the homes, but no 

significant variation was observed for the general room type except for the lower concentration in the 

basements.   The concentrations of P. yeei, K. rhizophila, and B. pumilus were associated positively with 

relative humidity, and concentrations of K. rhizophila were associated negatively with temperature while K. 

rhizophila and M. flavus were associated negatively with air change rate, and K. palustris negatively with area 

per occupant. Thus decreasing the relative humidity, and increasing the air change rate and area per occupant 

might be a strategy to reduce the exposure to some airborne bacterial species. 
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Supplementary file 1 

Airborne bacterial species in indoor air and association with physical factors 

Anne Mette Madsena)*, Saloomeh Moslehi-Jenabiana), Mika Frankel a), John Kerr White a,b), and Margit W. Frederiksen a) 

a) National Research Centre for the Working Environment, Lersø Parkallé 105, 2100 Copenhagen Ø, Denmark; 
b) Division of Clinical Microbiology, Karolinska University Hospital, Stockholm, Sweden 

Table s1. Bacterial species found in more than one of 57 homes. 

Acinetobacter lwoffii 
Acinetobacter schindleri 

Acinetobacter towneri 
Aerococcus viridans 
Arthrobacter oxydans 
Arthrobacter polychromogenes 
Arthrobacter stackebrandtii 
Arthrobacter sulfonivorans 
Bacillus altitudinis 
Bacillus amyloliquefaciens  
Bacillus arsenicus 
Bacillus badius 
Bacillus cereus 
Bacillus clausii 
Bacillus firmus 
Bacillus flexus 
Bacillus indicus 
Bacillus iodinum 

Bacillus licheniformis 
Bacillus megaterium 
Bacillus muralis 
Bacillus mycoides 
Bacillus psychrosaccharolyticus 
Bacillus pumilus 
Bacillus simplex 
Bacillus subtilis 
Bacillus vallismortis 
Bacillus weihenstephanensis 
Bacillus licheniformis 
Bacillus subtilis 
Bacilluspsychrosaccharolyticus 
Brachybacterium faecium 
Brevibacillus agri 

 

Brevibacterium casei 
Brevibacterium iodinum 
Brevundimonas sp 
Celluslosimicrobium cellulans 
Corynebacterium afermentans 
Corynebacterium lipophiloflavum 
Corynebacterium sanguinis 
Curtobacterium flaccumfaciens 
Dermacoccus nishinomiyaensis 

Dermacoccus sp 
Dietzia cinnamea 
Dietzia papillomatosis 
Enterococcus casseliflavus 
Filifactor villosum 
Gordonia rubripertincta 
Halomonas elongata 
Jeotgalicoccus halotolerans 
Kocuria carniphila 
Kocuria marina 
Kocuria palustris 
Kocuria rhizophila 
Kocuria sp. 
Kocuria varians 
Kytococcus schroeteri 
Kytococcus sedentarius 
Lactobacillus sakei 
Lysinibacillus fusiformis 
Lysinibacillus sphaericus 
Macrococcus caseolyticus 
Massilia timonae 
Microbacterium oxydans 
Microbacterium paraoxydans 

Micrococcus flavus 
 

Micrococcus luteus 
Micrococcus terreus 
Moraxella osloensis 
Mycoplasma hyorhinis 
Paenibacillus amylolyticus 

Paenibacillus anaericanus 
Paenibacillus borealis 
Paenibacillus cookii 
Paenibacillus glucanolyticus 
Paenibacillus pabuli 
Paenibacillus polymyxa 
Pantoea sp 
Paracoccus sp. 
Paracoccus yeei 
Penicillium brevicompactum 
Pseudomonas fulva 
Pseudomonas oryzihabitans 
Pseudomonas stutzeri 

Psychrobacillus  
Psychrobacillus psychrotolerans 
Rhizobium radiobacter 
Rhodococcus corynebacterioides 
Rhodococcus erythropolis 
Rhodococcus kroppenstedtii 
Roseomonas mucosa 
Rothia amarae 
Solibacillus silvestris 
Sphingomonas desiccabilis 
Spingomonas faeni 
Sporosarcina psychrophila 
Springmonas sp. 
Streptomyces badius 
streptomyces griseus 
Streptomyces violaceoruber 

 

 


