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PCR, adenosine triphosphate
bioluminescence assay, microbial culture
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Abstract

Background: The aim of this study was to establish a set of assessment methods suitable for evaluating the
complex indoor environment of hospital wards and to ascertain the composition of bacteria and microbial ecology
of hospital wards.

Methods: Colony-forming units (CFUs), PM2.5 detection, real-time PCR, and adenosine triphosphate (ATP)
bioluminescence assay were employed to evaluate the complexity of indoor air in 18 wards of nine departments in
a hospital and two student dormitories in a university. Subsequently, the microbial samples were quantified and
identified using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS).

Results: Although the studied indices were relatively independent, the PM2.5 content was correlated with bacterial
CFUs determined by passive sedimentation method, bacterial and fungal counts measured by real-time PCR, and
ATP bioluminescence assay. The composition of microorganisms in the air of hospital wards differed from that in
the air of student dormitories. The dominant genera in hospital wards were Staphylococcus (39.4%), Micrococcus
(21.9%), Corynebacterium (11.7%), Kocuria (4.4%), Bacillus (2.9%), Streptococcus (1.6%), Moraxella (1.6%), and
Enterococcus (1.3%), and the microbial ecology differed between Respiration Dept. III and other hospital
departments. Additionally, 11.1 and 27.3% of bacteria in hospital wards and student dormitories were not identified,
respectively.

Conclusions: Assessment of environmental quality of hospital wards should be based on comprehensive analysis
with multiple indicators. There may be imbalances in the microbial diversity in the hospital wards, therefore,
monitoring of the environmental quality of hospitals is important in the prevention of nosocomial infections.

Keywords: PM2.5, Real-time PCR, ATP bioluminescence assay, Passive sedimentation, Microbial ecology, MALDI-
TOF MS
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Background
The indoor environment of hospitals, with higher risk of
microbial contamination, is complicated and different
from other occupational or residential indoor settings.
Most of the hospitalized patients spend two-third of
their time in wards every day; in particular, bed-ridden
patients spend almost all their time in the ward. There-
fore, the air quality of hospitals may be an important
risk factor affecting the health of patients, and assess-
ment of hospital environment is particularly significant.
Airborne microflora in hospital as a potential cause of

hospital infections has been the subject of numerous
studies. Some researches have been showed that envir-
onmental contamination may promote the infection and
transmission of healthcare-associated pathogens, includ-
ing methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococcus spp. (VRE), Clostri-
dium difficile, Acinetobacter spp., and norovirus [1, 2].
Also, some studies suggested that if the prior room was
occupied by several important healthcare-associated
pathogens, the risk of acquiring these bacteria by a new
admission was significantly increased [3–6]. In addition,
bioaerosol infection is common in hospitals and re-
cognized to be the causation of agents and illness such
as aspergillosis and tuberculosis, as a result, the levels,
sources and characteristics of bioaerosols have been
extensively investigated [7–11]. PM2.5 is an air pollutant
with a diameter of ≤2.5 μm, which can be easily inhaled
and can penetrate deep into the airway [12]. Many stud-
ies have confirmed that inhalation exposure to ambient
PM in the environment, especially PM2.5, is related to
certain systemic diseases and cancer [13–15]. Long- and
short-term exposure to PM2.5 has been consistently as-
sociated with a number of outcomes, including morta-
lity, cardiovascular and cerebrovascular events and lung
cancer [16–20]. Calderón-Garcidueñas et al. highlighted
that air pollution can be considered as a risk factor for
both Alzheimer’s disease and Parkinson’s disease [21].
Currently, although the pathogenicity of PM2.5 in aero-
sol chemistry and physics has been extensively studied, a
little is known about the inhalable biological particles
such as bacteria, fungi, viruses, pollen, and cell debris
[22–24]. In addition, airborne PM2.5 in indoor environ-
ments has been widely investigated because of its ability
to cause adverse health effects [25]. A study conducted
in the USA about hospital nurses confirmed that PM2.5
was related to the risk of all-cause mortality [26]. Hence,
monitoring of indoor environmental quality is the first
step to reduce the chance of nosocomial infections. The
traditionally applied methods, to assess microbial air
contamination and cleanliness on surfaces in hospital
are based on microbiological cultural technology, inclu-
ding active, passive and surfaces sampling [27]. In recent
decade, adenosine triphosphate (ATP) bioluminescence

assay, which was used to assess environmental surface
cleanliness has been proposed [28]. Previous studies
have shown that the number of microorganisms that
can be cultured only accounts for < 5% of the total
microorganisms in air [29–31]. Therefore, relying
solely on the method of cultivation may not help in
accurate assessment of hospital environment. Hence,
comprehensive indicators, including fine particles,
total microorganisms (including dead microorga-
nisms), culturable microorganisms, and number of
living cells, are needed to analyze the complex hos-
pital wards environment.
Conventional microbiological methods for bacterial

identification involve culture, microscopic exa-
mination, and biochemical testing. Although these
procedures can be accurate and reliable, they are
time-consuming and require well-trained technicians
to interpret the results [32]. Currently, whole genome
sequencing (WGS), an analytical technology that
allows sequencing of the whole genomic content of
bacteria, would be the best approach to bacterial identi-
fication. Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF MS) has
emerged as a tool for microbial identification and diagno-
sis owing to its specificity, high speed, and low costs. This
technology has been widely used for microbial identifica-
tion and strain typing, detection of antibiotic resistance,
detection of blood and urinary tract pathogens, and detec-
tion of water- and food-borne pathogens, etc. [33].
In the present study, we established a set of assess-

ment methods suitable for evaluating the complex
indoor environment of hospital wards by using both cul-
tivation and non-cultivation approaches. Subsequently,
MALDI-TOF MS was employed to identify the isolated
organisms to assess the microbial ecology of the studied
environment.

Methods
Setting and sampling
The hospital selected in this study is a comprehensive
teaching hospital with three buildings and 1,788 beds in
Northeast China. The wards of two hospital buildings
(Nos. 1 and 9 buildings), which have the same central
HVAC system and the area of each ward was 30 m2,
were selected for the investigation. The two buildings
were completed in 2016 and 2000, respectively. To com-
pare the differences between the hospital and natural
environment, two student dormitories in a university
were selected as control. The indoor environmental
indicators were monitored in the general hospital in
spring between 1/3/2018 and 15/3/2018. The research
was approved by the Ethical Committee of Dalian
Medical University, China.
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Detection of PM2.5 and PM10
The indoor PM2.5 concentrations were detected using
optical particle counter PC-5A (Laser Research Institute,
Jiangsu, China), which employs light scattering technol-
ogy to deliver real-time measurements [34]. In addition
to the seventh floor (Obstetrics Dept.) in No. 1 building,
five wards of each department from floor 6 to 17 were
selected for PM10 detection. Likewise, in No. 9 building,
five wards of each department from floor 1 to 11 were
selected for PM10 detection. In No. 1 building, three
departments with the highest concentration of PM10,
namely, General Surgery Dept. VI Ward, GI Surgery
Dept. Ward, and GI Dept. I Ward, and two departments
with the lowest concentration of PM10, namely, ENT
Dept. Ward and Nephrology Dept. Ward, were selected.
In No. 9 building, two departments with the highest
concentration of PM10, namely, Respiration Dept. I
Ward on floor 11 and Respiration Dept. III Ward on
floor 9, and two departments with the lowest PM10 con-
centration, namely, Neurology Dept. VI Ward on floor 3
and Neurology Dept. VII Ward on floor 2, were chosen.
Among these nine selected departments, two wards were
chosen for each department (totaling to 18 wards), and
their PM2.5 content was ascertained. Two measured fac-
tors, namely, the use of a humidifier and presence of
houseplants, were invariant and therefore not included
in the analysis. The air temperature and relative humid-
ity were measured for the duration of the sampling
period. The student dormitories, as control, were simul-
taneously subjected to PM2.5 and PM10 analysis.

Passive sedimentation and dust sample collection
In the 18 wards of the selected nine departments, the
bacterial and fungal cultures were accomplished by trad-
itional passive sedimentation method according to the
Hospital Sanitary Disinfection Standard (GB15982–
2012). The inner, middle, and outer diagonal lines were
set up at three points. The inner and outer points were
located at 1 m from the wall and at a height of 0.8 m.
Three Columbia blood agar plates (BIOMERIEUX,
France) for bacteria and three Sabouraud medium plates
(Yancheng biology, China) for fungi were placed at the
sampling points in each ward. During sampling, the
plates were opened for 5 min.
A modified method based on the standard ASTM

(method E1728–03) [35], combined with the protocol

developed by Yamamoto [36] and Rachel I. Adams [37],
was employed to collect indoor dust. Sterile cotton swabs
pre-wetted with 0.15M NaCl and 0.05% Tween 20 sam-
pling buffer were swabbed for 5–10 s on the four corners
of the floor, each with an area of 5 × 5 cm, to collect the
dust. Then, the swabs were placed in sampling tubes and
stored at − 20 °C until DNA extraction. In general, four
swabs were obtained for each ward. During the DNA
extraction process, two swabs from the same ward were
combined into one DNA extraction reaction mixture to
obtain sufficient biomass for analysis.

DNA extraction
The head of the swab was cut using sterile scissor (steril-
ized using 75% alcohol) and placed into a 2-ml DNeasy
PowerSoil extraction tube (Hilden, Germany). Then, so-
lution C1 was added to the extraction tube and incu-
bated at 65 °C for 10 min. After incubation, the tube was
vortexed with a vortex mixer for 20 min, and the DNA
was extracted using DNeasy PowerSoil Kit (Hilden,
Germany) according to the manufacturer’s protocol.
The bacterial universal primer p1370/p201 [38] and

fungal universal primer NL1/260R [39] were used to
amplify the fragment of bacterial 16S rDNA subunit and
fungal 28S rDNA subunit, respectively. All the primers
used were synthesized by Takara (Japan), and their
sequence details are listed in Table 1.
The amplified fragments were run on a Real-Time PCR

System (Thermal Cycler Dice Real Time System TP800,
Takara, Japan) containing 12.5 μl of SYBR Premix Ex Taq
II (Tli RNaseH Plus) (2×) (Takara, Japan), 0.5 μl of each
0.4 μM primer, 2 μl of genomic DNA, and water to a final
volume of 25 μl. For bacteria, the thermal cycling condi-
tions consisted of an initial denaturation at 95 °C for 30 s,
followed by 40 cycles of denaturation at 95 °C for 5 s,
annealing at 55 °C for 15 s, and extension at 72 °C for 10 s.
For fungi, the PCR conditions were as follows: 95 °C for
30 s, followed by 40 cycles of denaturation at 95 °C for 10
s, annealing at 60 °C for 35 s, and extension at 72 °C for
20 s. Standard curves for bacteria and fungi were based on
extraction of a known quantity of Escherichia coli and
Aspergillus oryzae spores, respectively.

ATP bioluminescence assay
For ATP bioluminescence assay, Clean-Trace TM NGI
instrument, along with Clean-Trace TM Test Kit (3M,

Table 1 Sequences of the primers used

Name of the targeted species Sequences

Bacteria Forward primer p1370 5′-AGICCCGIGAACGTATTCAC-3′

Reverse primer p201 5′-GAGGAAGGIGIGGAIGACGT-3′

Fungi Forward primer NL1 5′-GCATATCAATAAGCGGAGGAAAAG-3′

Reverse primer 260R 5′-TTAGCTTTAGATGRARTTTACCACC-3′
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UK), was used. In the 18 wards of the nine selected
departments and two student dormitories, a luciferase-
containing sampling swab was swabbed at an area of
10 × 10 cm at the end of each bed, and the swab was
inserted into the Clean-Trace tube. Then, the handle
was pushed so that the sampling rod was completely
inserted into the bottom. After shaking for 5 s, the
bioluminescence was measured immediately.

Identification by MALDI-TOF MS
Single colonies freshly grown on agar plates were picked
and smeared as a thin film directly onto a MALDI steel
target plate. Subsequently, 10 μl of 70% formic acid were
added and the microbial film was overlaid with 10 μl of
MALDI HCCA matrix (50% acetonitrile, 2.5% trifluoroa-
cetic acid, and 47.5% water), as recommended by the
MALDI-TOF MS manufacturer. The sample-matrix mix-
ture was dried at room temperature and analyzed using a
MALDI-TOF MS analyzer (Bruker Daltonics, Bremen,
Germany). The data were processed using MALDI Bioty-
per 2.3 software (Bruker Daltronics) and the spectra were
compared with reference libraries for bacterial identifica-
tion. A total of three rounds of MALDI-TOF MS were
performed. The unidentified bacteria in the first round
were subcultured for 24 h and a second round of MALDI-
TOF MS identification was performed. The bacteria that
still remained unidentified were subcultured for a further
24 h and a third round of MALDI-TOF MS was
performed.

Statistical analysis
The mean values of CFUs, PM2.5 and PM10 contents,
CT values, and ATP contents in the 18 wards and two
student dormitories were calculated, and correlation
analyses were performed to determine the relationships
among these index. Wilcoxon sum rank test was used to
compare the biomass of bacteria and fungi in the wards,
and one-sample t-test was employed to assess the differ-
ence between the means of wards and dormitories. The
statistical analysis was performed using SPSS 24.0 statis-
tical software, and p < 0.05 was considered significant.

Results
Contents of PM2.5 and PM10, bacteria, fungi, and ATP in
the study sites
According to the Chinese Indoor Environment and En-
vironmental Product Quality Supervision and Inspection
Center, which issued the first indoor environment and
development trend of the indoor environment industry,
the indoor PM2.5 test standard is the first-class con-
centration limit of the “Ambient Air Quality Standard”
published in 2012, and the daily average PM2.5 concen-
tration is 35 μg/m3. In the present study, the concentra-
tion of PM2.5 in the wards of four departments,

including ENT Dept., Nephrology Dept., Neurology
Dept. VI, and Neurology Dept. VII, were in accordance
with the standard. However, the concentrations of
PM2.5 in the wards of other departments, including
General Surgery Dept. VI, GI Surgery Dept., GI Dept.,
Respiration Dept. I, and Respiration Dept. III, as well as
student dormitories exceeded the standard. Among
them, the concentration of PM2.5 (89 μg/m3) in the Res-
piration Dept. III Ward was the highest, whereas the
lowest PM2.5 concentration (10 μg/m3) was noted in the
Neurology Dept. VI Ward. According to the “Ambient
Air Quality Standard” (GB 3095–2012), the average daily
PM10 concentration limit is 150 μg/m3. The PM10 con-
centration in all the wards and dormitories examined in
this study did not exceed the limit, and the highest
PM10 content was noted in the GI Surgery Dept. Ward
(118 μg/m3), and the lowest content of PM10 was found
in the Neurology Dept. VI Ward (13 μg/m3) (Fig. 1A).
In accordance with the Hospital Sanitary Standards for

Sanitization (15982–2012), the average number of bac-
terial colonies in the Class III general wards was < 4
CFU/petri dish× 5min. The number of bacterial colonies
detected in the wards of four departments, including
ENT Dept., Nephrology Dept., Neurology Dept. VI, and
Neurology Dept. VII, was consistent with the standard,
and the qualification rate was 44.4%; however, the bac-
terial colonies quantified in the wards of other depart-
ments examined exceeded the standard. Furthermore, as
student dormitories do not qualify as medical environ-
ment, Indoor Air Quality Standard (GB/T18883–2002)
was applied for the assessment, which stipulates < 2500
CFU/m3 as the standard total number of bacteria in in-
door air. The total number of bacteria can be converted
to the concentration of microorganisms in air, according
to ORM’s formula as follows: C = 100/A × 5/t × 1000/
10 ×N = 50000 N/At, where C is the microbial concen-
tration in air (CFU/m3), A is the culture dish area (cm2),
t is the sampling time (min), and N is the number of
colonies in each dish (CFU). In the present study, the
concentration of microorganisms in the student dormi-
tories was 1730 CFU/m3, which was consistent with the
standard (Fig. 1B). In addition, the concentrations of
microorganisms in the selected nine hospital depart-
ments were also calculated.
Based on the standard provided by the ATP biolu-

minescence manufacturer, the qualified, critical, and
unqualified detection values for the ATP content were
0–250, 251–499, and ≥ 500 RLU, respectively, in the gen-
eral ward area (patients’ active area, rehabilitation area,
and family waiting room). Furthermore, Neurology Dept.
VII was the only department that presented qualified
values, whereas the General Surgery Dept. VI, GI Dept.
I, ENT Dept., Nephrology Dept., Respiration Dept. I,
Respiration Dept. III, and Neurology Dept. VI exhibited
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critical values. The unqualified values were noted in the
GI Surgery Dept. and student dormitories (Fig. 1C).

Estimation of bacterial and fungal biomass in the studied
sites by real-time PCR
The bacterial and fungal biomass in the 18 wards and
two student dormitories was estimated by real-time

PCR. The fungal biomass estimates were in the range of
96–28,117 (median: 3799) cell equivalents/100 cm2,
while bacterial biomass estimates, ranged from 1,858 to
131,514 (median: 32,488) cell equivalents/100 cm2,
were generally greater than fungal biomass (p < 0.01).
The biomass of bacteria in the Respiration Dept. III
Ward 1 and student dormitory 2 was higher than

Fig. 2 Estimation of bacterial and fungal biomass in the studied sites by real-time PCR

a

b c

Fig. 1 Comparison of the concentrations of PM2.5, PM10 (a), bacterial CFUs, fungal CFUs (b), and ATP content (c) in the examined wards and
dormitories. a: General Surgery Dept.VI Ward; b: Gastrointestinal Surgery Ward; c: GI Dept. IWard; d: ENT Ward; e: Nephrology Ward; f: Respiration
Dept.IWard; g: Respiration Dept.III Ward; h: Neurology Dept.VI Ward; i: Neurology Dept.VII Ward; j: Student dormitories
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that in the other wards and dormitories. The fungal
biomass in the GI Dept. I Ward 2 was higher than
that in the other wards, and was significantly higher
in the Respiration Dept. III Ward 1 than that in the
other wards and student dormitories (Fig. 2).

Estimation of balance of microbial ecology of the studied
sites using real-time PCR
We used the ratio of fungal biomass to concentration
of microorganisms (F/M ratio) to judge whether there
was an imbalance in the microbial ecology of the se-
lected hospital departments. The results showed the
F/M ratio for Respiration Dept. III was greater than
other wards and dormitories (p = 0.031), indicating
that there may have been disorders in the microbial
ecology.

Correlation among PM2.5 and PM10, CT values of
bacteria and fungi, CFUs, and ATP content
It can be seen from Table 2 that the CT values for
bacteria measured by real-time PCR were negatively
correlated with the ATP content (p < 0.05); in other
words, the bacterial concentration detected by real-
time PCR was related to the number of living micro-
organisms. However, the bacterial and fungal counts
determined by passive sedimentation method were
not related to the ATP content. Furthermore, PM2.5
content was negatively correlated with the CT values
for bacteria and fungi determined by real-time PCR
(p < 0.05), and significantly correlated with the bac-
terial counts detected by passive sedimentation
method (p < 0.01). In addition, the PM2.5 and ATP
contents were positively correlated (p < 0.05). The
content of PM10 was not related to the CT values
for bacteria and fungi detected by real-time PCR,
but was positively correlated with the bacterial
counts measured by passive sedimentation method
(p < 0.05), and had a significant positive correlation
with the ATP content (p < 0.01). Thus, when com-
pared with PM10, PM2.5 was a better indicator
reflecting the microbial content in the air of the
examined wards.

Bacterial characterization
The bacterial colonies isolated from the 18 hospital
wards and two student dormitories were identified using
MALDI-TOF MS. Among the 315 strains collected from
hospital wards, 280 (88.9%) were identified, whereas
11.1% remained unidentified. Of the 66 strains collected
in student dormitories, 48 (72.7%) were identified,
whereas 27.3% remained unidentified. The specific re-
sults are shown in Table S3 (see Additional file 1).

Analysis of dominant microbial genera in hospital wards
The dominant microbial genera comprised Staphylococ-
cus (39.4%), Micrococcus (21.9%), Corynebacterium
(11.7%), Kocuria (4.4%), Bacillus (2.9%), Streptococcus
(1.6%), Moraxella (1.6%), and Enterococcus (1.3%). The
dominant microorganisms in hospital wards are shown
in Fig. 3.

Comparison of dominant microbial genera in hospital
wards and student dormitories
The microbial composition of hospital wards differed
from that of student dormitories. The dominant microbial
genera in hospital wards were Staphylococcus, Micrococ-
cus, Corynebacterium, Kocuria, Bacillus, Streptococcus,
and Enterococcus, whereas those in student dormitories
were Staphylococcus, Micrococcus, Bacillus, and Morax-
ella (Fig. 4). Additionally, a small number of bacilli, such
as Cellulosimicrobium cellulans, Pseudomonas oryzihabi-
tans, Exiguobacterium aurantiacum, Curtobacterium flac-
cumfaciens, and Arthrobacter pascens, and Gram-positive
cocci, including Aerococcus viridans, were identified in the
hospital wards. Unidentified bacteria accounted for 11.1
and 27.3% of the bacteria isolated from hospital wards and
student dormitories, respectively.

Discussion
Air quality in hospitals is likely to be a significant risk
factor for the health of patients who visit hospitals. In
this study, we employed four different indicators to
assess the hospital environment by using both cul-
tivation and non-cultivation approaches. Examination of
the correlation among passive sedimentation method,

Table 2 Correlation among PM2.5 and PM10, CT values of bacteria and fungi, CFUs, and ATP content

CT values of fungi PM2.5 PM10 ATP content CFUs of bacteria CFUs of fungi

CT values of bacteria 0.587 −0.657a −0.558 − 0.743a −0.615 0.219

CT values of fungi – – −0.608 – – −0.157

PM2.5 −0.666a – 0.969b 0.759a 0.792b 0.100

PM10 – – – 0.777b – 0.162

ATP content −0.587 – – – 0.595 0.016

CFUs of bacteria −0.388 – 0.692a – – 0.169
aSignificant correlation at 0.05 level (bilateral);
bSignificantly related at 0.01 level (bilateral)
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real-time PCR, and ATP bioluminescence assay in wards
and dormitories revealed that the bacterial and fungal
CFUs measured by passive sedimentation method were
not correlated with the ATP content, whereas the CT
values for bacteria determined by real-time PCR were
negatively correlated with the ATP content (p < 0.05). In
other words, the bacterial content detected by real-time
PCR was related to the number of living microorganisms
in the wards. Furthermore, the CT values detected by
real-time PCR were not correlated with CFUs of bacteria
and fungi ascertained by passive sedimentation method,
suggesting that the two methods were relatively in-
dependent, resulting from the various growth conditions
of microorganisms and most of the microorganisms are
not culturable, while the real-time PCR method can
reflect the content of all microorganisms including
cultivable and non-cultivable bacteria. Also, the effi-
ciency of DNA extraction, the presence of PCR

inhibitors and other factors have been important consid-
erations for real-time PCR results, thus, microbial cul-
ture should be combined with real-time PCR for better
evaluation of the environment complex of hospital
general wards. In addition, as PM2.5 and PM10 detec-
tion, bacterial and fungal counts by real-time PCR, CFUs
determination by passive sedimentation method, and
ATP bioluminescence assay were not completely corre-
lated with each other, it is necessary to combine various
indicators to comprehensively analyze the complicated
hospital wards environment.
In the present work, PM2.5 was found to have certain

correlation with the bacterial and fungal content deter-
mined by real-time PCR, bacterial CFUs measured by
passive sedimentation method, and ATP biolumines-
cence, suggesting that PM2.5 can indirectly reflect bac-
terial and fungal contamination in hospital wards. These
results are consistent with the findings of Chen Cao et

Fig. 3 Distribution of dominant airborne microorganisms in the hospital environment

Fig. 4 Dominant genera in hospital wards and student dormitories
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al. [40], who provided sequence-based evidence for the
existence of inhalable microbial allergens and pathogen
species in an open environment, and revealed that the
relative abundance of these pollutants appeared to in-
crease with increasing PM pollution. Bacteria and fungi
are biological compositions of PM2.5 and most of the
microorganisms in air adhere to particles of different
sizes, and the pathogens in PM2.5 are considered to be
the cause of various allergic and respiratory diseases. In
the present study, the detection of PM2.5 content in the
wards not only reflected PM pollution in the hospital en-
vironment, but also indirectly revealed the evaluation of
microbial contamination in the ward. Therefore, PM2.5
detection is more important for assessing the environ-
mental quality of hospital wards. In this study, we ascer-
tained four comprehensive indicators using cultivation
and non-cultivation approaches to assess the complex
indoor environment. PM2.5 was also recommended for
the evaluation of the hospital environmental quality
because it is simple and has correlations with other
indicators.
MALDI-TOF MS was used in this study to identify the

bacterial composition in complex hospital wards and
student dormitories. The dominant genera in the air of
hospital wards differed from those in the student dormi-
tories, and all of the identified Staphylococcus species
were coagulase-negative staphylococci (CoNS). CoNS
are typical opportunists and major nosocomial patho-
gens that have a substantial impact on human health. In
particular, CoNS infections are associated with the use
of implanted foreign bodies and central venous cathe-
ters, which are indispensable in modern medicine [41].
After their insertion, foreign bodies can get colonized by
CoNS, resulting in severe burdens of medicine and
economy [42]. In the present study, S. epidermidis, S.
hominis, S. haemolyticus, and S. capitis were the major
CoNS detected in hospital wards. In particular, the
prevalence of S. haemolyticus was highest (22.7%) in the
Respiration Dept. I. It must be noted that S. haemolyti-
cus, which causes septicemia, peritonitis, otitis, and urin-
ary tract infections, is the second most frequently
isolated CoNS in human blood cultures [43–46]. Various
studies have also reported high levels of antimicrobial
resistance in S. haemolyticus [47, 48]; specifically, S. hae-
molyticus resistance to methicillin is on the rise, which
has become a clinical challenge for clinicians. In the
present study, the prevalence of CoNS in hospital wards
differed from that in dormitories. The prevalence of S.
capitis was the highest in Neurology Dept. VI Ward,
accounting for nearly 31%, whereas S. hominis was do-
minant in dormitories. Colonization of different parts of
the skin and mucosal membranes of the human body is
a key source of endogenous CoNS infections. Therefore,
to reduce the incidence of nosocomial infections and

transmission of CoNS in hospital, measures including
adequate sterilization of environmental surfaces and
medical instruments, and sufficient hand hygiene should
be adopted.
In this study, some rare genera, including Kocuria

spp., were detected in the hospital. Kocuria spp. are
commensals of humans, animals and the environ-
ment which can be found in drinking water, sedi-
ments, seeds, and fermented foods [49]. Although
there are currently 18 known species of the genus
Kocuria, only K. kristinae, K. varians, K. marina, K.
rhizophila, and K. rosea have been recognized to
cause opportunistic infections [50]. A recently identi-
fied K. rosea strain (BS1) has been reported to be
capable of producing an exopolysaccharide (called
Kocuran), which can inhibit the proliferation of
phytohemagglutinin-stimulated human peripheral blood
mononuclear cells and suppress complement-mediated
hemolysis [51]. Kocuria spp. are normal flora of human
skin and oral cavity, and are usually considered to be
laboratory contaminants, in particular, their patho-
genic potential is often ignored once isolated in clin-
ical specimens. In addition, Kocuria spp. are generally
misidentified as CoNS in the clinical microbiology
laboratories owing to the lack of advanced techniques
such as 16S rRNA and MALDI-TOF-MS [52]. In a
recent study containing 12 pediatric patients suffering
from debilitating conditions such as acute leukemia
and premature birth, seven were confirmed to have
K. kristinae bloodstream infection, thus highlighting
the significance of Kocuria spp. in causing nioso-
comial infections [53]. However, another research
reported a case of an immunocompetent girl, who
suffered from endocarditis/sepsis by K. rosea, sug-
gesting that immunocompromise is not an essential
condition in all the reported cases [54]. Nevertheless,
as diseases caused by Kocuria spp. are rare, they
have not been extensively investigated in the past
few years.
In this study, a total of three rounds of MADLI-TOF

MS were performed to obviate the human error. The
results revealed that 11.1 and 27.3% of the bacterial
strains isolated from hospital wards and student dormi-
tories could not be identified, respectively, which is a
limitation of this study. Given the complexity of environ-
mental microorganisms, mass spectrometric technique
and more reference strains, especially for environmental
microorganisms, should be developed. The strains
identified in this study may indicate the differences
between hospital wards and student dormitories, as well
as a possibility of imbalance in microbial diversity.
Hence, in future research, technologies that are superior
to MALDI-TOF MS, such as whole genome sequencing,
can be adopted.
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Conclusions
Assessment of environmental quality of hospital wards
should be based on comprehensive analysis with mul-
tiple indicators. There may be imbalances in the micro-
bial diversity in the hospital wards, therefore, monitoring
of the environmental quality of hospitals is important in
the prevention of nosocomial infections.
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