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Abstract17

Background: Outbreaks of respiratory diseases tend to occur in individuals who18

live in communities, such as students, factory workers, troops, and prisons, because19

they are in close contact with each other. However, little is known about the20

transmission mode of nasopharyngeal microbiota in healthy people living in clusters.21

Therefore, the aim of this study is to explore the distribution of transmission patterns22
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of respiratory tract flora in individuals who have close contact over time to provide a23

basis for the prevention and control of respiratory diseases.24

Result: Thirty-six freshmen in Peking University Medical School volunteered for this25

study. Throat swab samples were collected on the first day of enrollment and on the26

15th, 30th, and 60th day of living together. Streptococcaceae, Bacillaceae, and27

Neisseriaceae were the most abundant bacterial groups in the cohort. The bacterial28

community was found to change with time, and the similarity in bacterial community29

between dormitory members also changed with time. When the dormitory members30

had lived together for 15 days, the bacterial community had the highest similarity, but31

it declined thereafter. However, on the 60th day, it was still higher than the similarity32

on the first day (before they started living together). The transmission patterns of33

respiratory tract bacteria were spreading with colonization, spreading without34

colonization, and non-spreading. The bacteria that spread and colonized easily mainly35

belonged to core genuses (It was defined as that detected in more than 90% of the36

samples). Bacteria that could spread easily but did not colonize mainly belonged to37

soft-core genuses (It was defined as that detected in 10%–90% of the samples). The38

non-spreading bacteria mainly belonged to rare genuses (It was defined as that found39

in less than 10% of the samples).40

Conclusions: These findings indicate that it is important to monitor the incidence and41

spread of bacteria belonging to the core genuses in order to prevent the spread of42

bacterial respiratory pathogens.43

Keywords: close contact people, nasopharyngeal microbiota, 16S amplicon44
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sequencing, distribution and transmission patterns45

Background46

Respiratory infections have a more significant impact on global health than the sum of47

other infectious diseases[1]. At present, respiratory diseases caused by viral infection48

are more common, but viral infections are often associated with bacterial49

infections[2，3]. Respiratory diseases are more likely to occur in people who gather50

together or share a common living space because they have increased direct and51

indirect contact with each other. The nasopharynx is a significant source of bacterial52

secretions, which can easily spread from one individual to another, especially among53

people who live together or are in close contact[4]. For example, during the 2018 Hajj,54

93.4% of French pilgrims developed respiratory symptoms[5]. Recognized bacterial55

pathogens (RBPs), such as Streptococcus pneumoniae, Haemophilus influenzae, and56

Staphylococcus aureus, are found in the upper respiratory tract of 72.9% of healthy57

adults. These pathogens are likely to cause respiratory infections[4] and can also be58

carried for a long time without symptoms in healthy people[6]. Recently, it was59

proposed that in addition to viruses and recognized bacterial pathogens, the normal60

respiratory flora can also cause or contribute to community-acquired pneumonia[7],61

and can even cause invasive disease[8].62

At present, little is known about the changes in the normal respiratory flora and RBPs63

that may be carried by individuals who share living spaces and the patterns of64

transmission. Students are ideal research subjects as their immune system function is65

vigorous and the microecological environment tends to be stable. Therefore, studying66
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the distribution and transmission characteristics of the pharyngeal microecological67

community in this demographic can provide a basis for the prevention and control of68

respiratory diseases. Accordingly, the present study aims to investigate the RBPs69

present in the upper respiratory tract of a cohort of students who live in dormitories at70

Peking University Medical School and the patterns of transmission of these RBPs71

over a 2-month period.72

Methods73

Selection of research participants74

Students pursuing their Master’s degree and doctoral research at Peking University75

Medical School were recruited as volunteers through word of mouth. The 8976

volunteers initially enrolled all met the inclusion criteria. These students had never77

lived together before and all adapted to dormitory life. In order to rule out some78

possible interfering factors, the study included students with only one person living in79

the dormitory and a history of chronic illness or smoking, students who had received80

immunoglobulin therapy in the last 3 months or had received immunotherapy in the81

last 6 months, and Students who participated in other clinical trials within four weeks82

and who took antibiotics within 30 days were not included in the final study. In the83

end, only 36 volunteers were included in the final study. The volunteers were from 1884

districts (as shown in suppl.Fig.S1), and their ages ranged from 24 to 34 years. The85

study cohort comprised 9 boys and 27 girls who lived across 14 dormitories (labeled86

as A, B, C, D, E, F, G, H, I, J, K, L, M, and N). Among them, dormitory A, C, E, G, I,87

K, and M are two people living together; dormitory B, D, F, J, L, and N are three88
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people living together; dormitory H is four people living together. All individuals89

participating in the study were informed of the study plan and were required to sign a90

written informed consent form.91

Pharyngeal swab collection92

Throat swabs of the volunteers were collected on the first day of enrollment and on93

the 15th, 30th, and 60th day of living together. The collected pharyngeal swabs were94

stored in nasopharyngeal swab tubes (Qingdao Hehe Biotechnology Co. Ltd., China).95

After each collection, they were immediately placed at a low temperature setting and96

sent to the laboratory for preservation at -80°C.97

Nucleic acid extraction98

First, 1000 μl of sterile 1× phosphate buffer solution was added to the sterile sample99

tube, which was immediately vortexed for 10 s（2500rpm/min）. Next, 200 µl of the100

throat swab suspension was used for extraction of DNA with the QIAamp DNA Mini101

Kit (Qiagen, Germany). In order to verify that the reagents used in the experiment102

were not contaminated, DNA was extracted from three negative control samples of103

200 µl sterile 1× phosphate buffer solution using the same batch of reagents.104

High-throughput sequencing, annotation, and analysis of16S rRNA gene105

Total genomic DNA from the nasopharyngeal swabs was extracted using the106

CTAB/SDS method, and the purity and concentration of the DNA were detected by107

agarose gel electrophoresis. PCR was performed using specific primers with barcodes108

and Phusion high-fidelity PCR Master Mix with the GC Buffer (New England Biolabs)109

to ensure amplification efficiency and accuracy. After the PCR product was purified110
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and recovered, the SMRT Bell library was constructed and then sequenced using the111

PacBio platform. Samples with 97% homology were clustered into operational112

taxonomic units (OTUs), and the sequence with the highest frequency in each OTU113

was considered to be the representative sequence of that OTU. In order to eliminate114

possible contamination, two quality-control steps were implemented. In the first step,115

OTUs with a relative abundance (RA) of less than 0.1% were eliminated. Additionally,116

three PBS solutions were used as negative controls with the same batch of reagents117

and equipment for sequencing in the same laboratory. The first 10 OTUs of the118

negative control were eliminated on account of possible contamination.119

The Mothur method and the SSUrRNA database of SILVA (http://www.arb-silva.de/)120

were used for species annotation analysis, and the composition of the samples was121

determined at the family, genus, and species levels. The R software (Version 2.15.3)122

was used to draw the dilution curve and the Rank abundance curve.123

Isolation, culture, and identification of pathogenic bacteria124

A 1-µl suspension each of the throat swab samples was inoculated on a Columbia125

plate and a boiled blood plate (chocolate color) (Beijing Land Bridge Technology Co.126

Ltd.) and incubated at 37°C in a 5%CO2 atmosphere for 24 h. Single colonies were127

selected for purification and culture, and identified by mass spectrometry128

(M-DISCOVER 100) [9]and 16S rRNA gene sequencing. The resulting DNA129

sequences were analyzed by BLAST[10]. The program can be obtained from the130

NCBI home page (http://www.ncbi.nlm.nih.gov/BLAST/).131

Results132

http://www.arb-silva.de/
http://www.ncbi.nlm.nih.gov/BLAST/
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Bacterial community structure133

The sequencing data were evaluated based on the rarefaction curve(see suppl.Fig.S2a).134

The gradual flattening indicates that the sequencing strategy used in this study was135

sound and that the inclusion of more sequencing data would only lead to more OTUs.136

The Rank abundance curve (suppl.Fig.S2b) indicates that there has high species137

richness in the healthy people respiratory flora, but the distribution of species in every138

people was uneven. The families with higher RA were Streptococcaceae, Bacillaceae,139

Neisseriaceae, Prevotellaceae, Beijerinckiaceae, Thermaceae, Lachnospiraceae,140

Fusobacteriacea, Lactobacillaceae, and Campylobacteraceae. More than 80% of the141

reads belong to these ten families (Fig.1A), among which the abundance of Neisseria142

and Streptococcus species reached a peak after the students had lived together for 30143

days. There was a noticeable increase in Streptococcus mitis, Streptococcus salivarius,144

Streptococcus parasanguinis, and Neisseria subflava (fig.1C). Contrary to Neisseria145

and Streptococcus, when dormitory members live together for 30 days, the relative146

abundance of Lachnospiraceae is the lowest. The RA of Lactobacillaceae and147

Beijerinckiaceae increased at a later stage of the study. The RA of Bacillaceae and148

Thermaceae was higher in the early stage of the study than in the late stage of the149

study. At the genus level (fig.1B), the top ten abundances are Streptococcus, Bacillus,150

Neisseria, unidentified_Prevotellaceae, Methylobacterium, Thermus, Fusobacterium,151

Oribacterium, Lactobacillus, and Alloprevotella. The changes of the Streptococcus152

and Neisseria species also reached a peak after the students had lived together for 30153

days. In contrast, the abundance of Oribacterium is the least when the dormitory154
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members live together for 30 days. At the species level, the two highest abundances155

are Streptococcus_mitis and Neisseria_subflave. Compared with other times, when156

the dormitory members lived together for 30 days, its abundance was the highest.157

158

Fig. 1. Bar charts of the top 10 bacterial communities according to the relative159

abundance. (A) Bar chart of relative abundance at the family level. (B) Bar chart of160

relative abundance at the genus level. (C) Bar chart of relative abundance at the161

species level. F1 indicates the first sampling conducted on the first day of school; S2162

indicates the second sampling conducted after 15 days of living together; T3 refers to163

the third sampling conducted after 30 days; F4 refers to the fourth sampling164

conducted after 60 days.165

Changes of respiratory tract flora with time166

Genus-level abundance of the top 35 communities(Fig.2) showed that on the fir167

st day of school, there was an abundance of unidentified_Ruminococcaceae, Me168

gasphaera, Actinomyces, Aerococcus, Thermus, unidentified_Hydrogenophilaceae,169

unidentified_Nostocales, Meiothermus, and Corynebacterium. After 15 days of170

living together, the abundant communities were unidentified_Prevotella, Moraxel171

la, unidentified_Mollicutes, unidentified_Gracilibacteria, Megamonas, Bacillus, Al172

caligenes, Solobacterium, Veillonella, and Oribacterium. After 30 days, Capnocy173

tophage, Neisseria, Streptococcus, Leptotrichia, and Alloprevotella were abundan174

t, and after 60 days, Haemophilus, Leptotrichia, unidentified_Bacteria, Methylob175
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acterium, unidentified_Cyanobacteria, Sneathia, Lactobacillus, unidentified_Lachn176

ospiraceae, Campylobacter, unidentified_Veillonellaceae, Prevotella, Fusobacteriu177

m, and unidentified_Ruminococcaceae were abundant. As the experiment was co178

nducted over a period of 2 months, from the start of August until October, so179

me of the changes could be attributable to environmentalchanges[11]. This may180

explain why Thermus species, for example, were abundant at the start of the181

study but showed a decrease in the later stage of the study.182

183

Fig. 2. Relative abundance of the top 35 bacterial communities according to sampling184

time . F1: First sampling conducted on the first day of school; S2: second sampling185
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conducted at 15 days after living together; T3: third sampling conducted at 30 days;186

F4: fourth sampling conducted at 60 days.187

Changes in common OUTs among dormitory members with time188

Analysis of the OUTs of members of the same dormitory showed that the average189

number of common OUTs between the members was the highest after they had lived190

together for 15 days and began to decline thereafter (Fig.3). Despite the declining191

trend, even at 60 days, the number of common OUTs was still higher than that at the192

first time point, that is, before they started living together. Another observation was193

that the changes in the number of common OUTs differed across dorms. After 15 days,194

the number of common OUTs in dormitories H, I, and G decreased. There was no195

significant change in the number of common OUTs with time in dormitory F, while196

the number of common OUTs in the remaining dormitories (A, B, C, D, E, J, K, L, M,197

and N) increased to varying degrees. Since in the third sampling, one member in the198

K dormitory moved out of the dormitory, and in the fourth sampling, a member in the199

D dormitory moved out of the dormitory, so it is impossible to analyze the same flora200

carried by the members after the members move out of the dormitory. Therefore, the201

number of OUTs in the third and fourth times of K dormitory and the fourth time of D202

dormitory is represented by 0.203
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204

Fig. 3. Changes in the number of common OTUs for each dormitory with time.The205

abscissa represents the time spent together: 0 days, 15 days, 30 days, and 60 days. The206

number on the horizontal line represents the number of common OTUs for each207

dormitory. Each colored line segment represents a dormitory, and the top line208

represents the average of all the dorms.209

Trend in the distribution of bacterial communities among dormitory members210

In order to explore the pattern of bacterial community transmission among dormitory211

members, the genus-level RA of dormitory members was analyzed. The patterns were212

defined as follows. It is assumed that at the starting point, a dormitory comprises one213

member (X) with an initial OTU abundance less than 20 for a certain genus and the214

rest of the members have an initial OTU abundance (for the same genus) that is215

significantly greater than 20. At the second and third assessment time points, if the216
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genus abundance of X increases to above 20, this trend is defined as a spread. If it217

falls to below 20 at the fourth assessment point, it is defined as spreading without218

colonization, and if it stays above 20 at the fourth time point, it is defined as spreading219

with colonization. If it is less than 20 at the second, third, and fourth time points for220

all the members, it is defined as typical non-spreading. If none of these criteria are221

met, it is considered as unprovable spreading. Our analysis (Fig.4) showed that222

different patterns were observed in different dormitories for the same genus. These223

differences could be attributable to the degree of contact between members and their224

personal habits. Among them, the main bacteria prone to transmission belonged to225

core genuses and soft-core genuses, while those that belonged to rare genuses were226

largely unable to spread or did not exhibit obvious spread. Importantly, bacteria prone227

to colonization mainly belonged to the core genuses and a few soft-core genuses.228
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Fig. 4. Transmission patterns of the detected bacterial communities for each dormitory.230

The abscissa represents the 14 dormitories. On the vertical axis, the black segment231

indicates the core genuses, the dark gray segment indicates soft-core genuses, and the232

light gray segment indicates rare genuses.233

RBP isolation, culture, and sequencing234

By isolating and culturing the samples, RBPs were identified in 11 samples:235

Moraxella catarrhalis and Streptococcus pneumoniae were simultaneously cultured in236

the K1 sample. The isolation, culture, and sequencing results (Fig.5) showed that 15237

subjects carried RBPs. Among them, A2, D2, H4, J1, J2, and K1 carried two RBPs238

during the study period. At the second sampling, conducted at 15 days of living239

together, M2 carried three RBPs: H. influenzae, S. aureus, and Klebsiella pneumoniae.240

The other 8 students carried only one RBP each. No significant transmission or241

colonization of RBPs between the members who carried RBPs and those who were in242

close contact with other dormitory members throughout the study period was noted,243

and persistent carrying of RBPs among individuals was also not observed.244
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245

Fig. 5. Distribution of RBPs in the study participants.The presence of the five major246

RBPs Haemophilus influenzae, Moraxella catarrhalis, Staphylococcus aureus,247

Klebsiella pneumoniae, and Streptococcus pneumoniae across the four sampling time248

points based on the culturing results, sequencing results, and the combined results are249

shown for each of the participants. The letters on the left represent the dormitories,250

and each member is assigned a number next to the letter that stands for their251

dormitory. The five RBPs are indicated at the bottom, along with the corresponding252

sampling time. Blue means that the sequencing result is positive, red means that the253

culture result is positive, and green means that both sequencing and culture are254

positive.255

Discussion256

The present study explores the abundance and changes in the respiratory flora of257
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individuals who live together over a period of time. This 2-month longitudinal study258

showed that respiratory tract flora changes with time spent living together, and flora259

similarity between members also increases after living together. However, after an260

initial increase, the similarity in flora does not increase beyond a certain time point.261

This could be explained by the gradual adaptation of students to campus life, increase262

in their activities, and decrease in time spent together in the same dormitory.263

The current findings showed that there were three main patterns of transmission of264

respiratory flora in the population: spreading with colonization, spreading without265

colonization, and non-spreading. Most of the bacteria that spread and colonize easily266

belonged to core genuses. Bacterial colonization of the respiratory tract is generally267

considered as the first step of bacterial infection, which may lead to other respiratory268

diseases[12-14]. Therefore, careful attention should be paid to bacteria that easily269

spread and colonize. For example, a variety of conditionally pathogenic bacteria, such270

as those belonging to Solobacterium, can cause halitosis and are associated with tooth271

infection[15] or bacteremia in severe cases[16]. As another example, Prevotella272

species are mainly concentrated in the oral cavity[17], the female reproductive tract,273

and other parts of the normal human body[18]and are common conditional pathogens274

that can cause endogenous infection in these parts. Additionally, Haemophilus species275

are obligate parasitic bacteria found on human and animal mucosa that show a wide276

range of pathogenicity, from respiratory infections to life-threatening invasive277

diseases[19], such as childhood meningitis[20] and conjunctivitis[21]. Solobacterium,278

Prevotella, and Haemophilus belongs to the Core genus, and they are easy to spread279
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and colonize in close contacts people. However, when the host's defense function is280

weakened or antibiotics are taken for a long time, these pathogenic bacteria will seize281

the opportunity to transfer or multiply in large numbers, leading to the occurrence of282

diseases.283

Studies have found that the sensitivity of culturomic methods is higher than that of284

metagenomic sequencing. Through culturomics, certain bacteria that cannot be285

assessed by sequencing can be cultivated. Additionally, culturomics can be used as a286

supplement to metagenomics to overcome the inherent depth bias of metagenomic287

methods[22]. This study used a combination of sequencing methods and isolation and288

culturing methods to identify and analyze RBPs in the respiratory tract of the students.289

Our research results show that healthy people also carry some RBPs, which is290

consistent with some previous studies [4，23]. At the same time, we also found that291

there is no significant transmission or colonization of RBPs among dormitory292

members. Specifically, the bacterial flora transmission data in this study show that K.293

pneumoniae and S. pneumoniae do not exhibit proven spread. Additionally, M.294

cataraxella and S. aureus are more inclined not to spread and cannot be proven to295

spread. The Haemophilus genus, which only comprised H. influenzae, showed a296

tendency towards spread colonization, but the combined sequencing and culture297

results showed that there was no apparent spread colonization of H. influenzae among298

dormitory members. This is probably because the upper respiratory microbiota acts as299

the guardian of respiratory health and can prevent or resist colonization by invasive300

respiratory pathogens[24], including pathobionts[25], such as H. influenzae[26], S.301
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pneumoniae[27], and S. aureus[28]. These RBPs are more likely to colonize the302

respiratory tract of individuals who have respiratory tract-related diseases, local303

immune impairment, and repeated exposure to respiratory pathogens[6].304

Conclusion305

The present findings show that despite close contact between members who share the306

same living space and increased chances of the spread and colonization of respiratory307

bacteria, including the major bacteria from the core genuses that cause infection and308

invasive diseases, RBPs in the respiratory tract does not easily spread or colonize in309

healthy people. Therefore, in order to monitor and prevent the spread of310

disease-causing respiratory bacterial pathogens, more attention should be paid to the311

presence of bacteria belonging to the core genuses in the respiratory microbiome.312
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