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Abstract
Background: Elevated Staphylococcus aureus and oral bacterial concentrations are known to correlate with
pneumonia hospitalization in nursing home residents. However, the effects of a professional oral care intervention
on these factors remain unclear. The aims of this quasi-experimental study were to compare bacterial
concentrations in saliva and sputum, oral health status, distribution of Staphylococcus aureus, and pneumonia status
before and after a professional oral care intervention.
Methods: A purposive sample of residents from two nursing homes was divided into an intervention group that
received a weekly professional oral care intervention and a control group. Oral bacterial concentration was
determined by real-time polymerase chain reaction. The Staphylococcus aureus distribution was determined by
bacterial culture and matrix-assisted laser desorption/ionization–time of flight mass spectrometry. After data
collection, a statistical analysis was performed to evaluate the effect of the intervention.
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Results: Most residents were unconscious (80%), and most had a history of pneumonia (76%). Baseline
demographic data did not significantly differ between the two groups. After the intervention, the intervention
group had significant improvements in plaque index (1.66 ± 0.78 vs. 0.94 ± 0.64, p < 0.01), gingival index (2.36 ±
0.76 vs. 1.65 ± 0.83, p < 0.01), tongue coating index (0.96 ± 1.10 vs. 0.16 ± 0.47, p < 0.01), distribution of
Staphylococcus aureus in salivary samples (11.11 ± 14.47% vs. 1.74 ± 3.75%, p = 0.02), and salivary bacterial
concentration ([4.27 ± 3.65] × 105 vs. [0.75 ± 1.20] × 105, p < 0.01). Sputum bacterial concentration did not
significantly differ. The intervention group also had a significantly lower annual prevalence of pneumonia
hospitalization (1.24 ± 1.51 vs. 0.48 ± 0.59, p = 0.01), especially in residents whose salivary bacterial concentration
exceeded the median. However, the duration of pneumonia hospitalization did not significantly differ between the
two groups.
Conclusion: A professional oral care intervention in nursing home residents can improve oral health, reduce levels
of salivary bacteria and Staphylococcus aureus, and decrease the annual prevalence of pneumonia hospitalization.
Trial registration: Trial registration: ClinicalTrials.gov, NCT03874962. Registered 12 March 2019 - Retrospectively
registered.
Keywords: Dental care, Nursing homes, Oral health, Pneumonia, Saliva, Staphylococcus aureus

Background
Population aging is a global phenomenon [1]. In 2018,
the elderly population of Taiwan comprised 14.56% of
the total population, which met the criterion for an
“aged society” [2]. Pneumonia is a major health problem
that can be fatal in elderly people, especially those who
are nursing home residents (NHRs) [3]. In 2016, pneumonia was the third leading cause of death in Taiwan
[4]. Notably, 91% of all pneumonia deaths that year occurred in individuals older than 65 years [4]. In the elderly population, the pneumonia hospitalization risk is
1.96 to 10 times higher in NHRs compared to those who
live in the community [5, 6]. Poor oral health has an important role in the local infection disease and pneumonia development in NHRs [7]. Therefore, elderly NHRs
with poor oral health status are at high risk of developing pneumonia.
Pneumonia is a critical and potentially fatal disease in
NHRs [3, 8]. Inadequate oral care has been identified as a
potential risk factor for pneumonia, especially in NHRs [9].
A Japan study reported that NHRs with poor oral hygiene
had higher salivary bacterial concentrations compared to
those with good oral hygiene [10]. Studies show that pneumonia is often associated with specific bacteria and bacterial loads in the oral cavity [3, 8, 11]. A common cause of
pneumonia is colonization of the oropharynx by Staphylococcus aureus (S. aureus), aerobic Gram-negative bacilli,
and Pseudomonas aeruginosa [12]. A previous study of
pneumonia in residents of long-term care facilities reported
that the major isolates were aerobic pathogens of S. aureus
(45%) followed by enteric Gram-negative bacilli (42%) and
Pseudomonas aeruginosa (13%) [13]. The authors reported
that dental plaque colonization preceded oropharyngeal
colonization and acted as a potential reservoir for lower respiratory tract infection and the development of pneumonia

[13]. Researchers in the United States reported a 28.6%
prevalence of S. aureus on environmental surfaces in seven
nursing homes [14]. S. aureus is primarily a nosocomial infection acquired in institutions such as nursing homes. S.
aureus can spread directly between individuals or indirectly
through fomites.
Oral care interventions in previous studies have focused on care of the teeth, gums, palate, buccal mucosa,
and tongue [3, 8, 15, 16]. For example, one study reported that integrating salivary gland massage in an oral
health program for elderly people can increase the flow
rate of salivary glands [17]. However, few studies have
investigated how an oral care intervention that includes
massage of the salivary glands affects pneumonia, oral
bacterial levels, and S. aureus infection in NHRs.
Therefore, this study designed and implemented a professional oral care intervention (POCI) in a population
of elderly NHRs and then compared distributions of S.
aureus, bacterial concentrations in saliva and sputum,
and pneumonia hospitalization before and after the
intervention.

Methods
Study design and setting

Figure 1 is a flowchart of the procedure for this quasiexperimental study, which was performed from August,
2015 to December, 2017. In August, 2015, a purposive
sample of residents from two nursing homes in Kaohsiung, Taiwan, was divided into an intervention group
and a control group. Both nursing homes were affiliated
with regional hospitals, and both had a capacity exceeding 80 residents. From June to September of 2016, the
baseline data including the standardized questionnaire
survey, medical records of pneumonia history, oral
health examination, and salivary and sputum samplings
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Fig. 1 Flowchart of study procedure

were collected at 9:00–11:00 AM before the first intervention. The POCI was performed once a week (8:00–10:00
AM) from October to December of 2016. The POCI required 30 min to complete in each resident. Within 1 h
after the last POCI, each participant in the intervention
group was collected the data including the standardized
follow-up questionnaire, medical records of pneumonia
history, oral health examination, and salivary and sputum samplings. The control group were also assessed
these data during 9:00–11:00 AM after their regular oral
cleaning.
Participants

The eligible population of intervention and control
groups were 119 and 101, respectively. The inclusion
criteria were as follows: bedridden for ≥6 months,
aged over 50 years, dysphagia, and able to produce

sputum. The number of participants recruited in
intervention and control groups were 30 (25.2%) and
22 (21.8%), respectively. Out of 52 residents who met
the inclusion criteria, three were excluded because
baseline data were incomplete, and five residents or
their healthcare surrogates declined to participate.
The final number of residents in the intervention
group and the control group were 28 and 16, respectively (Fig. 1). The study protocol was approved by the
Institutional Review Board of Kaohsiung Medical University Hospital (KMUH), Taiwan (ID number: KMUHIRB-SV-20150003(I)) and ClinicalTrials.gov (ID
number: NCT03874962) [18].
Questionnaire and oral examination

After obtaining written informed consent from the participants, the researchers collected data from medical

Chiang et al. BMC Infectious Diseases

(2020) 20:374

records, including sociodemographic data, status of consciousness, medical diagnosis of dysphagia and pneumonia, and the annual prevalence and duration of
pneumonia hospitalization. Data for pneumonia history
were collected from 1 year before the intervention until
the follow up at 1 year after the intervention. Residents
with a Glasgow Coma Scale [19] score under 8 points
were classified as unconscious. While blinded to all
NHR data, two well-trained dentists in the Division of
Special Care Dentistry (kappa = 0.83) performed all clinical assessments of dysphagia and oral health examinations and collected all data for plaque index (PI) [20],
gingival index (GI) [21], and tongue coating index (TCI)
[22]. The PI indicates plaque accumulation visible to the
naked eye and ranges from 0 (no plaque) to 3 (abundant
plaque in teeth and gingival margin). The GI indicates
gingival inflammation and ranges from 0 (normal) to 3
(severe). The TCI indicates tongue coating (bacteria, saliva, food debris, exfoliated epithelial cells, and exuded
leukocytes) coverage and ranges from 0 (no coating) to 4
(thick coating covering more than two thirds of the
tongue).
Laboratory methods
Salivary and sputum samples

A salivary sample was collected using a sterilized transwab (Creative Biotechnology Co., Ltd., Taiwan). The
bacteria sample was then released into an Eppendorf
tube containing 1.5 mL of normal saline. A mucus extractor (Pacific Hospital Supply Co. Ltd., Taiwan) was
used to draw a 1-mL sample of sputum. The viscosity of
the sputum sample was decreased by adding an equal
volume of 30.67 mM of N-acetyl-L-cysteine (BBL MycoPrep) solution to the sample at room temperature for
60 min.
Bacterial concentration measurement of standard curve,
salivary sample, and sputum sample

The pure S. aureus strain (strain ID: ATCC 29213) was
used as the positive control in bacterial identification.
After overnight culture, the S. aureus samples were prepared by fivefold serial dilution and plated in a Petri dish
with suitable agar medium to produce from 2.5 × 103 to
3.9 × 107 colony-forming units/mL. A modification of
the standard method [23] was used to extract genomic
DNA from 1 mL of each bacterial serial dilution of each
salivary and sputum sample. After DNA concentrations
were determined, the samples were stored at − 80 °C
until real-time polymerase chain reaction (RT-PCR) was
performed. The RT-PCR target was 16S rRNA gene.
Identified S. aureus was verified by 16S rRNA PCR direct sequencing. The standard curve for bacterial concentration (Fig. 2) was generated using the genomic DNA
from a fivefold serial dilution and their RT-PCR
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threshold cycle by the StepOnePlus System (Applied
Biosystems). Protocols for the RT-PCR assay were performed as described previously [24]. The universal forward primer sequence [25] was 5′-CCT ACG GGA
GGC AGC AG-3′, and the reverse primer sequence [26]
was 5′-CCG TCA ATT CMT TTR AGT TT-3′. The
coverages of common bacteria for forward primer and
reverse primer were 94.9 and 92.8%, respectively [27].
Previous study also reported the primer pair with no obvious bias toward the majority of bacterial species [27].
After the regression equation was created from the
standard curve, bacterial concentration of each salivary
and sputum sample was estimated using this reference
line equation and their RT-PCR results. The coefficient
of variation in the threshold cycle value for three duplications of RT-PCR was between 2 and 12%. Human genomic DNA from blood was used as the negative control.
Identification of bacterial species

To identify species of oral bacteria, 10 μL of salivary
samples and sputum samples were cultured in Bacto
Agar (Becton, Dickinson and Company, New Jersey, US)
culture media. After incubation at 37 °C for 16 h, 24 single colonies were randomly selected to identify bacterial
species in the salivary and sputum samples. After a pure
culture of each colony, three single colonies were reselected and transferred to the mesh of a matrix-assisted
laser desorption/ionization–time of flight mass spectrometer (MALDI-TOF MS) (Bruker Corporation, Massachusetts, US) to identify the bacterial species. No
discrepancy in bacterial identification was found among
these three single colonies. The MALDI-TOF MS device
had 96 and 93% sensitivity in identifying the genus and
species, respectively, of common bacterial isolates [28].
In total, 98 oral bacterial species were identified from
the originally and randomly selected single colonies.
However, only six identified bacterial species were recognized as pneumonia pathogens [15, 29, 30] in all bacterial samples before POCI: S. aureus (12.7%),
Pseudomonas aeruginosa (8.9%), Acinetobacter baumannii (4.1%), Streptococcus pneumoniae (0.8%), Haemophilus influenzae (0.7%), and Klebsiella pneumoniae (0.3%).
After considering the sample size of participants, the
number of randomly and originally selected single colonies (n = 24), the statistical power (> 0.6), and the difference in frequency distributions of oral bacterial
species between before and after intervention, S. aureus,
the only pneumonia pathogen with a distribution larger
than 5% was selected for further analysis.
POCI

Institutional oral cleaning was regularly performed by
caregivers one or two times daily with a toothbrush or
foam swabs. In addition to regular oral cleaning, POCI
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Fig. 2 Results of real-time polymerase chain reaction analysis of fivefold serial dilution of standard bacterial DNA. (a) Amplification plots. (b) Linear
regression reference

was performed in the intervention group by dental hygienists once a week for 3 months. Ten dental hygienists
performed the POCI in the intervention group. All dental hygienists had been certified by the Division of Special Care Dentistry, KMUH, Taiwan, after completing
training and passing an examination. For residents, the
POCI included facial muscle massage, salivary gland
massage, toothbrush care, and soft tissue cleaning. For
family members and caregivers, the POCI included oral
health education and consultation. The purpose of the
facial muscle massage was to relax muscles in the neck,
cheeks, and lips and to reduce tension. The salivary
gland massage was performed to improve the salivary
section in the parotid gland, submandibular gland, and
sublingual gland. Toothbrushes, end-tufted brushes,
interdental brushes, and dental floss were used to remove food debris and dental plaque on tooth surfaces,
especially on crowded teeth, on tooth surfaces next to
missing teeth, and around bridges and other dental prostheses. Soft tissue cleaning was performed with foam
swabs to clean the palate, tongue, sublingual mucosa,

and buccal mucosa. To avoid choking, a suction tool
was used to remove contaminated liquid from the oral
cavity. Use of oral moisturizers at least four times daily
was prescribed for residents with dry mouth. Alcoholfree mouthwash solution (China Chemical & Pharmaceutical Co., Ltd., Taiwan) containing chlorhexidine and
sodium monofluorophosphate was used for toothbrush
care and soft tissue cleaning. The intervention was performed without toothpaste so that toothpaste foam
would not interfere with oral cleansing. After 1 year of
POCI in the intervention group, the same POCI protocol
was implemented in the control group.
Statistical analysis

Since the sample size was not large, nonparametric tests
for all statistical analysis were performed with JMP statistical software (version 9, SAS Institute Inc. Cary, North
Carolina, U.S.). Fisher’s exact test was used to compare
the frequency distributions of categorical data between
the intervention and control groups. Wilcoxon ranksum test was used to compare between-group
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differences in PI, GI, TCI, total bacterial concentration,
S. aureus distribution, and pneumonia hospitalization
status. Wilcoxon signed-rank test was used to compare
differences in these variables before and after POCI.
Kruskal-Wallis test and post hoc Tukey test were used
to compare differences in bacterial concentration among
three or more different groups. A p-value < 0.05 was
considered statistically significant.

Results
Three residents in the intervention group were lost to
follow-up at the end of this study. Therefore, the final
analysis included 25 and 16 residents in the intervention
and control groups, respectively. Most residents were
unconscious, and most had a history of pneumonia.
Table 1 indicates that the groups did not significantly
differ in demographic and clinical characteristics, including gender, age, history of pneumonia, and history of
chronic disease. According to the results of Fisher’s
exact test, the baseline frequency distribution of pneumonia hospitalization history in intervention group (p =
0.21) and control group (p = 0.49) who had received
regular oral cleaning once a day did not significantly differ from those who had received regular oral cleaning
twice a day, respectively. Additionally, baseline salivary
bacterial concentration did not significantly differ among
participants with TCI = 0 ([3.29 ± 3.22] × 105 (N = 25)),
participants with TCI = 1 ([3.80 ± 2.73] × 105 (N = 5)),
and participants with TCI ≥ 2 ([4.37 ± 4.72] × 105 (N =
11)) (p = 0.72 in Kruskal-Wallis test). When PI and TCI
were combined, baseline salivary bacterial concentrations significantly differed among group H (PI > 2 and
TCI > 2: [5.18 ± 4.67] × 105), group M (2 ≥ PI > 0 and/or
2 ≥ TCI > 0: [3.31 ± 2.39] × 105), and group L (PI = 0 and
TCI = 0: [1.28 ± 0.93] × 105) in Kruskal-Wallis test (group
H > group L, p = 0.03 in post hoc Tukey test).
Table 2 shows that, after completing the POCI, the
intervention group had significant decreases in PI
(1.66 ± 0.78 vs. 0.94 ± 0.64, p < 0.01), GI (2.36 ± 0.76 vs.
1.65 ± 0.83, p < 0.01), and TCI (0.96 ± 1.10 vs. 0.16 ±
0.47, p < 0.01). In contrast, the control group had significant increases in PI and TCI but had no significant
change in GI.
Table 3 further reveals that, before POCI, total salivary
bacterial concentrations were significantly higher in the
intervention group compared to the control group
([4.27 ± 3.65] × 105 vs. [2.66 ± 3.32] × 105, p = 0.04). After
POCI, however, bacterial concentrations in both salivary
and sputum samples were significantly lower in the
intervention group compared to the control group. In
the intervention group, salivary bacterial concentrations
significantly (p < 0.01) decreased from [4.27 ± 3.65] × 105
before POCI to [0.75 ± 1.20] × 105 after POCI. In the
control group, however, salivary bacterial concentration
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Table 1 Demographic data for intervention and control groups
Characteristics

Intervention

Control

N = 25 (%)

N = 16 (%)

Gender

p-valuec
0.34

Male

14 (56.0)

6 (37.5)

Female

11 (44.0)

10 (62.5)

≥ 74 years old

11 (44.0)

9 (56.3)

< 74 years old

14 (56.0)

7 (43.7)

a

Age

0.53

Glasgow Coma Scale score

0.12

≥ 8 points

7 (28.0)

1 (6.3)

< 8 points

18 (72.0)

15 (93.7)

≥ high school

14 (56.0)

6 (37.5)

< high school

11 (44.0)

10 (62.5)

Education level

0.34

History of pneumonia

1.00

Yes

19 (76.0)

12 (75.0)

No

6 (24.0)

4 (25.0)

Yes

9 (36.0)

9 (56.3)

No

16 (64.0)

7 (43.7)

Diabetes

0.33

Hypertension

0.31

Yes

16 (64.0)

13 (81.3)

No

9 (36.0)

3 (18.7)

Yes

3 (12.0)

1 (6.3)

No

22 (88.0)

15 (93.7)

Chronic renal disease

1.00

0.15d

Food intake
Oral

0 (0.0)

2 (12.5)

Nasogastric tube

24 (96.0)

14 (87.5)

Gastrostomy

1 (4.0)

0 (0.0)

Body mass indexb

0.29

≥ 18.5

20 (80.0)

10 (62.5)

< 18.5

5 (20.0)

6 (37.5)

a

The median age in the control group was used as the cutoff for dividing the
residents into two age groups; bThe body mass index of 18.5 was used as the
cutoff for dividing the residents with and without underweight; cFisher’s exact
test; dOral vs. non-oral (nasogastric tube + gastrostomy) by Fisher’s exact test

did not significantly differ after POCI. Table 3 shows
that both groups had increased bacterial concentrations
in sputum samples after the intervention, but the
changes were not statistically significant. After undergoing POCI, the intervention group also revealed slower
increases in sputum bacterial concentrations compared
to the control group.
Table 3 shows that, before POCI, the two group did
not significantly differ in S. aureus distributions in 24
randomly selected single colonies from samples of saliva

Chiang et al. BMC Infectious Diseases

(2020) 20:374

Page 7 of 11

Table 2 Oral health status of intervention and control groups
Oral health status

Intervention (N = 25)

Control (N = 16)

Mean ± SD

Mean ± SD

1.66 ± 0.78

1.54 ± 0.67

0.83
< 0.01

p-valueb

Plaque index (PI)
Before
After

0.94 ± 0.64

1.99 ± 0.52

Difference

−0.73 ± 0.43

0.46 ± 0.40

p-valuea

< 0.01

0.03

Before

2.36 ± 0.76

2.78 ± 0.44

0.14

After

1.65 ± 0.83

2.94 ± 0.17

< 0.01

Difference

−0.70 ± 0.66

0.17 ± 0.35

p-valuea

< 0.01

0.50

0.96 ± 1.10

0.44 ± 0.96

0.07
< 0.01

Gingival index (GI)

Tongue coating index (TCI)
Before
After

0.16 ± 0.47

1.13 ± 0.72

Difference

−0.80 ± 0.87

0.69 ± 0.95

p-valuea

< 0.01

0.02

a

Wilcoxon signed-rank test; bWilcoxon rank-sum test

and sputum. After POCI, however, S. aureus distributions in salivary samples significantly decreased in the
intervention group (11.11 ± 14.47% vs. 1.74 ± 3.75%, p =
0.02) but not in the control group (9.03 ± 11.31% vs.
1.39 ± 2.15%, p = 0.31). Meanwhile, S. aureus distributions in 24 randomly selected single colonies from sputum samples did not significantly decrease in either the
intervention group or the control group. In the intervention group, bacteria with the top 10 high frequency distributions in 24 randomly and originally selected single
colonies from both the salivary and sputum samples
were listed in Table S1 and S2, respectively.
After the intervention, the annual prevalence of
pneumonia hospitalization significantly decreased in
the intervention group (1.24 ± 1.51 vs. 0.48 ± 0.59, p =
0.01) but not in the control group (Table 3). Neither
group showed significant changes in the duration of
pneumonia hospitalization. Finally, bacterial concentrations in saliva and sputum samples from the intervention
group were classified as high and low according to
the median values. As Table 4 shows, a high salivary
bacteria concentration after the intervention was significantly associated with pneumonia hospitalization (p = 0.04
in Fisher's exact test). Sputum bacteria concentration,
however, had no significant association with pneumonia
hospitalization.

Discussion
As reported previously, this study revealed that POCI
and improvements in oral health may prevent pneumonia, particularly in NHRs [3, 10, 16]. Improved oral

hygiene and decreased concentrations of oral pathogenic
microorganisms can decrease dental plaque accumulation and bacterial pneumonia risk [10, 16, 31]. Pneumonia rates are known to be significantly lower in NHRs
with good oral health compared to those with poor oral
health [10, 16]. One intervention study also reported
that the pneumonia occurrence rate significantly differed
between NHRs with and without POCI (0.45% vs. 1.20%,
p = 0.006) [3]. In accordance with the literature, NHRs
who had completed the POCI in the present study had a
significantly lower annual prevalence of pneumonia
hospitalization compared to the control group without
POCI. Additionally, salivary bacterial concentration had
a significant positive correlation with pneumonia
hospitalization.
Nursing home residents often have multiple diseases,
systemic diseases, and malnourishment, which can prolong their hospital stay [32]. A previous study reported
that intensive care units (ICUs) tend to neglect oral hygiene in patients with unstable vital signs [33]. A Brazil
study also reported that good oral hygiene in ICU patients is associated with a shorter ICU stay and a lower
risk of complications [32]. In the present study, POCI
was not significantly associated with a shorter duration
of pneumonia hospitalization. However, the POCI was
not implemented at the time of hospital admission for
pneumonia, which may partially explain why the duration of pneumonia hospitalization did not significantly
decrease.
Many studies agree that oral care for NHRs can significantly improve salivary bacterial concentration, PI,
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Table 3 Salivary and sputum bacterial concentrations, distribution of Staphylococcus aureus, and pneumonia hospitalization status:
differences between the intervention group and control group
Intervention (N = 25)
Mean ± SD

Control (N = 16)

Min

Mdn

Max

Mean ± SD

Min

Mdn

Max

p-valuec

5

Bacterial concentrations (×10 CFU/mL)
Saliva
Before

4.27 ± 3.65

0.56

3.30

14.26

2.66 ± 3.32

0.01

1.52

12.99

0.04

After

0.75 ± 1.20

< 0.01

0.30

5.09

4.74 ± 9.53

0.08

1.23

33.43

< 0.01

< 0.01

0.41

5.70

0.64

0.16

1.07

905.72

0.04

Difference

−3.52 ± 3.37

2.08 ± 10.49

p-valueb

< 0.01

0.63

Sputum
Before

0.59 ± 0.74

0.04

0.34

3.49

< 0.01

0.35

381.06

1.11 ± 1.63

After

16.59 ± 75.99

Difference

16.00 ± 76.08

56.83 ± 226.38

p-valueb

0.72

0.53

57.94 ± 226.08

Distribution of Staphylococcus aureus (%)a
Saliva
Before

11.11 ± 14.47

0.00

6.25

41.67

9.03 ± 11.31

0.00

4.17

25.00

0.81

After

1.74 ± 3.75

0.00

0.00

12.50

1.39 ± 2.15

0.00

0.00

4.17

0.86

Difference

−9.38 ± 12.33

−7.64 ± 12.75

p-valueb

0.02

0.31

Sputum
Before

14.17 ± 23.29

0.00

4.17

87.50

22.66 ± 27.89

0.00

12.50

83.33

0.39

After

5.17 ± 10.98

0.00

0.00

50.00

5.21 ± 9.80

0.00

0.00

33.33

0.91

Difference

−9.00 ± 25.16

−17.40 ± 32.96

p-valueb

0.23

0.07

Pneumonia hospitalization
Annual prevalence
Before

1.24 ± 1.51

0.00

1.00

5.00

1.06 ± 1.06

0.00

1.00

3.00

1.00

After

0.48 ± 0.59

0.00

0.00

2.00

1.00 ± 1.21

0.00

1.00

3.00

0.28

Difference

−0.76 ± 1.36

−0.06 ± 0.21

p-valueb

0.01

1.00

Hospitalization duration (days)
Before

10.44 ± 10.95

0.00

10.00

40.00

8.25 ± 8.83

0.00

9.00

32.00

0.52

After

6.14 ± 7.49

0.00

0.00

19.00

5.29 ± 6.41

0.00

7.00

22.00

0.73

Difference

−4.30 ± 11.49

−2.96 ± 2.00

p-valueb

0.13

0.20

Mdn: Median; CFU: Colony-forming unit; a(%): percentage of S. aureus in 24 randomly and originally selected single colonies; bWilcoxon signed-rank test; cWilcoxon
rank-sum test

GI, and TCI [34, 35]. Our results agree with these findings. Sputum contains secretions from the lower respiratory tract, nose, mouth, and pharynx as well as cellular
debris and microorganisms [36]. Although both groups
in the present study showed increased sputum bacterial
concentrations, the increase was larger in the control
group. Dental hygienists who treated NHRs in the intervention group were required to use a suction tool to remove contaminated liquid from the mouth. A previous

study reported that a significant portion of sputum (up
to 70%) could be contaminated by bacteria in the saliva
sample [37]. In the intervention group, the major contaminants were removed with a suction tool after POCI.
Therefore, we suspect that the release of minor residual
contaminants from the oral cavity into the larynx caused
a slight increase in the sputum bacterial concentration.
In contrast, since the suction tool was not used in the
control group, the amount of bacteria released from the
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Table 4 Post-intervention correlation between bacterial
concentrations and pneumonia hospitalization in the
intervention group
Bacterial
concentrations

Pneumonia hospitalization
Yes

No

N (%)

N (%)

High

8 (66.67)

4 (33.33)

Low

3 (23.08)

10 (76.92)

High

5 (41.67)

7 (58.33)

Low

6 (46.15)

7 (53.85)

p-valueb

a

Saliva

0.04

Sputuma
1.00

a
The median values for salivary and sputum samples were used to classify the
bacterial concentrations as “high” or “low”; bFisher’s exact test

oral cavity into the sputum was higher in comparison
with the intervention group. That is, the use of a suction
tool in the intervention group may explain why the two
groups had different increases in sputum bacterial
concentrations.
The TCI is an essential indicator of oral hygiene because a high TCI indicates an elevated salivary bacterial
concentration, which can cause pneumonia [35]. In the
present study, a high TCI was not significantly associated with a high salivary bacterial concentration. A possible explanation is that all residents had low TCI scores
(Mean ± SD = 0.76 ± 1.07). Dental plaque accumulation
was another important cause of increased salivary bacterial concentration [10]. In the present study, salivary
bacterial concentration was significantly higher in participants with high TCI and high PI compared to those
with low TCI and low PI. Therefore, we believed that increased TCI may have partially contributed to the elevated salivary bacterial concentration and the
development of pneumonia in the NHRs in this study.
Notably, the nursing home caregivers did not care
tongue coating index during regular oral cleaning. After
undergoing POCI, NHRs in this study had a lower TCI.
A Japan study previously reported that tongue cleaning
can reduce oral pathogens and prevent pneumonia [35].
Taken together, these results suggest that tongue cleaning should be included in routine oral care protocols for
NHRs.
Salivary gland massage can induce secretion of saliva
[3, 38]. Positive effects of increased secretion of saliva include reduction of oral pathogens and oral bacteria attached to tooth surfaces [38]. Previous studies reported
that S. aureus infection in the oral cavity as an important
risk factor for pneumonia [39, 40]. In the present study,
POCI significantly decreased the total salivary bacterial
concentration as well as the distribution of S. aureus in
salivary samples. Although salivary secretion rate was
not measured in this study, dental hygienists did observe

that salivary gland massage increased the moistness of
oral mucosa but decreased plaque accumulation in the
oral cavity. Therefore, the decline in the annual prevalence of pneumonia hospitalization was likely attributable to reductions in total bacteria and in the
distribution of S. aureus in salivary samples after POCI.
Previous studies in Japan have found that an oral care
intervention provided once a week by dentists and dental hygienists for NHRs can effectively decrease both oral
bacterial concentration and pneumonia mortality rate
[16, 41]. Another study in the United States reported
that an oral care intervention delivered twice a day by
well-trained nursing home staff could reduce the pneumonia mortality rate in NHRs [42]. The present study
found that POCI once a week can substantially reduce
the annual prevalence of pneumonia hospitalization but
not the duration of pneumonia hospitalization. Therefore, low interventional frequency and poor oral care
quality might tend to increase the duration of pneumonia hospitalization. Further research is warranted to
analyze the effects of intensive oral care, which may reveal a significant correlation between the duration of
pneumonia hospitalization and oral care.
The present study had some limitations. First, the
NHRs in this study were only recruited from two
local nursing homes. The sample size was small; thus,
the results cannot be reliably extrapolated to other regions or populations. Second, epidemiological data indicate that aspiration pneumonia accounts for 5 to
15% of pneumonia cases in hospitalized populations
[43] and that bacterial infection is the underlying
cause of pneumonia in approximately 40% of NHRs
with pneumonia [44]. In this study, nursing home
staff members did not record episodes of aspiration
pneumonia; thus, the exact role of POCI in preventing aspiration pneumonia could not be determined. A
further large-scale well-designed study would help to
distinguish the effects of POCI on aspiration and
nonaspiration pneumonia in NHRs. Third, S. aureus
concentrations were not determined in the participants. The effect of S. aureus concentration on pneumonia hospitalization might be underestimated. The
distribution of S. aureus in 24 randomly selected single colonies in each salivary sample could partially reflect the proportion of S. aureus to total salivary
bacteria count. The S. aureus distribution in each salivary sample is a possible surrogate for predicting the
S. aureus concentration. Finally, pneumonia can be
caused by different critical pathogenic species. The
bacterial culture method in this study only cultured a
limited number of bacterial strains. Some potentially
fatal pneumonia pathogens were not investigated.
Therefore, further studies are needed to identify other
critical pathogenic species of pneumonia.
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In conclusion, our results indicate that, in NHRs,
POCI can significantly improve oral health, reduce salivary bacterial concentration, decrease the distribution of
S. aureus, and decrease the pneumonia hospitalization
prevalence rate, but it does not affect the duration of
hospitalization for pneumonia or sputum bacterial
concentration.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12879-020-05061-z.
Additional file 1 Table S1 Frequency distributions of top 10 bacterial
species identified in 24 randomly and originally selected single colonies
in salivary samples from intervention group Table S2 Frequency
distributions of top 10 bacterial species identified in 24 randomly and
originally selected single colonies in sputum samples from intervention
group
Abbreviations
CFU: Colony-forming units; GI: Gingival index; KMUH: Kaohsiung Medical
University Hospital; MALDI-TOF MS: Matrix-assisted laser desorption/
ionization–time of flight mass spectrometer; Mdn: Median; NHRs: Nursing
home residents; PI: Plaque index; POCI: Professional oral care intervention;
RT-PCR: Real-time polymerase chain reaction; S. aureus: Staphylococcus
aureus; TCI: Tongue coating index
Acknowledgments
We thank all participants, nursing home staffs, dentists, dental hygienists, and
medical technologists who participated in this study.
Authors’ contributions
TCC, STH, and YCL contributed to the conception and design of study. TCC,
MSH, and PLL contributed to data collection. TCC, STH, and YCL contributed
to analysis and interpretation of data. All authors contributed to manuscript
drafting, manuscript revision, and approval of the final manuscript.
Funding
The present study was partially funded by the Kaohsiung Medical University
Hospital (KMUH) (ID number: KMUH103-3 M47). However, KMUH had no roles
in the design of this study, data collection, statistical analysis, interpretation
of data and manuscript preparation.
Availability of data and materials
The datasets are available from the corresponding author upon reasonable
request.
Ethics approval and consent to participate
This study protocol was approved by the Institutional Review Board of
Kaohsiung Medical University Hospital, Taiwan (KMUHIRB-SV-20150003(I)). The
content was explained in Chinese. All participants gave written informed
consent before enrollment in this study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
School of Dentistry, College of Dental Medicine, Kaohsiung Medical
University, No.100, Shiquan 1st Rd., Sanmin Dist., Kaohsiung City 807, Taiwan.
2
Division of Pulmonary and Critical Care Medicine, Department of Internal
Medicine, E-DA Cancer Hospital, No. 21, Yida Rd., Yanchao Dist., Kaohsiung
City 824, Taiwan. 3Division of Infectious Diseases, Department of Internal
Medicine, Kaohsiung Medical University Hospital, No.100, Tzyou 1st Rd.,
Sanmin Dist., Kaohsiung City 807, Taiwan. 4Division of Special Care Dentistry,
1

Page 10 of 11

Department of Dentistry, Kaohsiung Medical University Hospital, No.100,
Tzyou 1st Rd., Sanmin Dist., Kaohsiung City 807, Taiwan.
Received: 26 December 2019 Accepted: 29 April 2020

References
1. Lindmeier C. Ageing well must be a global priority. World Health
Organization. 2014. https://www.who.int/news-room/detail/06-11-2014%2
D%2Dageing-well-must-be-a-global-priority. Accessed 31 Jan 2019.
2. Ni HF. Aging and support. In: 5th week bulletin of interior statistics in 2019.
Ministry of the Interior, R.O.C. Taiwan. 2019. https://www.moi.gov.tw/chi/
chi_site/stat/news_detail.aspx?sn=15493. Accessed 3 Dec 2019.
3. Maeda K, Akagi J. Oral care may reduce pneumonia in the tube-fed elderly:
a preliminary study. Dysphagia. 2014;29:616–21.
4. Ministry of Health and Welfare. Annual report 2017 cause of death in
Taiwan. 2018. https://dep.mohw.gov.tw/DOS/cp-3960-43792-113.html.
Accessed 3 Dec 2019.
5. Marrie TJ. Pneumonia in the long-term-care facility. Infect Control Hosp
Epidemiol. 2002;23:159–64.
6. Ticinesi A, Nouvenne A, Folesani G, Prati B, Morelli I, Guida L, et al. An
investigation of multimorbidity measures as risk factors for pneumonia in
elderly frail patients admitted to hospital. Eur J Intern Med. 2016;28:102–6.
7. Terpenning M. Geriatric oral health and pneumonia risk. Clin Infect Dis.
2005;40:1807–10.
8. Scannapieco FA, Shay K. Oral health disparities in older adults: oral bacteria,
inflammation, and aspiration pneumonia. Dent Clin N Am. 2014;58:771–82.
9. Quagliarello V, Ginter S, Han L, Van Ness P, Allore H, Tinetti M. Modifiable
risk factors for nursing home-acquired pneumonia. Clin Infect Dis. 2005;40:
1–6.
10. Abe S, Ishihara K, Adachi M, Okuda K. Oral hygiene evaluation for effective
oral care in preventing pneumonia in dentate elderly. Arch Gerontol Geriatr.
2006;43:53–64.
11. Abe S, Ishihara K, Okuda K. Prevalence of potential respiratory pathogens in
the mouths of elderly patients and effects of professional oral care. Arch
Gerontol Geriatr. 2001;32:45–55.
12. Liu F, Wen Z, Wei J, Xue H, Chen Y, Gao W, et al. Epidemiology,
microbiology and treatment implications in adult patients hospitalized with
pneumonia in different regions of China: a retrospective study. J Thorac Dis.
2017;9:3875.
13. El-Solh AA, Pietrantoni C, Bhat A, Okada M, Zambon J, Aquilina A, et al.
Colonization of dental plaques: a reservoir of respiratory pathogens for
hospital-acquired pneumonia in institutionalized elders. Chest. 2004;126:
1575–82.
14. Cheatham S, Thapaliya D, Taha M, Milliken K, Dalman MR, Kadariya J, et al.
Prevalence of Staphylococcus aureus and methicillin-resistant S aureus on
environmental surfaces in Ohio nursing homes. Am J Infect Control. 2019;
47:1415–9.
15. Sarin J, Balasubramaniam R, Corcoran AM, Laudenbach JM, Stoopler ET.
Reducing the risk of aspiration pneumonia among elderly patients in longterm care facilities through oral health interventions. J Am Med Dir Assoc.
2008;9:128–35.
16. Yoneyama T, Yoshida M, Ohrui T, Mukaiyama H, Okamoto H, Hoshiba K,
et al. Oral care reduces pneumonia in older patients in nursing homes. J
Am Geriatr Soc. 2002;50:430–3.
17. Hakuta C, Mori C, Ueno M, Shinada K, Kawaguchi Y. Evaluation of an oral
function promotion programme for the independent elderly in Japan.
Gerodontology. 2009;26:250–8.
18. Chiang TC. Improvements in Pneumonia Status After Oral Care Intervention
in Taiwan. ClinicalTrials.gov. 2019. https://clinicaltrials.gov/ct2/show/NCT03
874962?term=NCT03874962&draw=2&rank=1. Accessed 14 Mar 2019.
19. Teasdale G, Jennett B. Assessment of coma and impaired consciousness: a
practical scale. Lancet. 1974;304:81–4.
20. Silness J, Löe H. Periodontal disease in pregnancy II. Correlation between
oral hygiene and periodontal condition. Acta Odontol Scand. 1964;22:121–
35.
21. Löe H, Silness J. Periodontal disease in pregnancy I. Prevalence and severity.
Acta Odontol Scand. 1963;21:533–51.
22. Kojima K. Clinical studies on the coated tongue. Jpn J Oral Maxillofac Surg.
1985;31:1659–78.

Chiang et al. BMC Infectious Diseases

(2020) 20:374

23. Marmur J. A procedure for the isolation of deoxyribonucleic acid from
micro-organisms. J Mol Biol. 1961;3:208–18.
24. Raghunathan A, Samuel L, Tibbetts RJ. Evaluation of a real-time PCR assay
for the detection of the Klebsiella pneumoniae carbapenemase genes in
microbiological samples in comparison with the modified Hodge test. Am J
Clin Pathol. 2011;135:566–71.
25. Muyzer G, De Waal EC, Uitterlinden AG. Profiling of complex microbial
populations by denaturing gradient gel electrophoresis analysis of
polymerase chain reaction-amplified genes coding for 16S rRNA. Appl
Environ Microbiol. 1993;59:695–700.
26. Lane DJ. 16S/23S rRNA sequencing. In: Stackebrandt E, Goodfellow M,
editors. Nucleic acid techniques in bacterial systematics. Chichester, UK:
John Wiley and Sons; 1991. p. 115–75.
27. Fukuda K, Ogawa M, Taniguchi H, Saito M. Molecular approaches to
studying microbial communities: targeting the 16S ribosomal RNA gene. J
UOEH. 2016;38:223–32.
28. Saffert RT, Cunningham SA, Ihde SM, Jobe KEM, Mandrekar J, Patel R.
Comparison of Bruker Biotyper matrix-assisted laser desorption ionization–
time of flight mass spectrometer to BD Phoenix automated microbiology
system for identification of gram-negative bacilli. J Clin Microbiol. 2011;49:
887–92.
29. Murray PR, Rosenthal KS, Pfaller MA. Medical microbiology. 8th ed.
Philadelphia: Elsevier Health Sciences; 2015.
30. Didilescu AC, Skaug N, Marica C, Didilescu C. Respiratory pathogens in
dental plaque of hospitalized patients with chronic lung diseases. Clin Oral
Investig. 2005;9:141–7.
31. Sumi Y, Miura H, Michiwaki Y, Nagaosa S, Nagaya M. Colonization of dental
plaque by respiratory pathogens in dependent elderly. Arch Gerontol
Geriatr. 2007;44:119–24.
32. Kudo G, Santiago JJ, Saraiva P. Oral health of patients hospitalized in the
intensive care unit. J Contemp Dent Pract. 2016;17:125–9.
33. Andersson M, Wilde-Larsson B, Persenius M. Intensive care nurses fail to
translate knowledge and skills into practice–a mixed-methods study on
perceptions of oral care. Intensive Crit Care Nurs. 2019;52:51–60.
34. Ishikawa A, Yoneyama T, Hirota K, Miyake Y, Miyatake K. Professional oral
health care reduces the number of oropharyngeal bacteria. J Dent Res.
2008;87:594–8.
35. Abe S, Ishihara K, Adachi M, Okuda K. Tongue-coating as risk indicator for
aspiration pneumonia in edentate elderly. Arch Gerontol Geriatr. 2008;47:
267–75.
36. Rubin BK. Physiology of airway mucus clearance. Respir Care. 2002;47:761–8.
37. Simpson J, Timmins N, Fakes K, Talbot P, Gibson P. Effect of saliva
contamination on induced sputum cell counts, IL-8 and eosinophil cationic
protein levels. Eur Respir J. 2004;23:759–62.
38. Oh E, Weintraub N, Dhanani S. Can we prevent aspiration pneumonia in the
nursing home? J Am Med Dir Assoc. 2004;5:174–9.
39. El-Solh AA, Pietrantoni C, Bhat A, Aquilina AT, Okada M, Grover V, et al.
Microbiology of severe aspiration pneumonia in institutionalized elderly. Am
J Respir Crit Care Med. 2003;167:1650–4.
40. Terpenning MS, Taylor GW, Lopatin DE, Kerr CK, Dominguez BL, Loesche WJ.
Aspiration pneumonia: dental and oral risk factors in an older veteran
population. J Am Geriatr Soc. 2001;49:557–63.
41. Adachi M, Ishihara K, Abe S, Okuda K, Ishikawa T. Effect of professional oral
health care on the elderly living in nursing homes. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2002;94:191–5.
42. Juthani-Mehta M, Van Ness PH, McGloin J, Argraves S, Chen S, Charpentier
P, et al. A cluster-randomized controlled trial of a multicomponent
intervention protocol for pneumonia prevention among nursing home
elders. Clin Infect Dis. 2014;60:849–57.
43. DiBardino DM, Wunderink RG. Aspiration pneumonia: a review of modern
trends. J Crit Care. 2015;30:40–8.
44. Ma HM, Ip M, Hui E, Chan PK, Hui DS, Woo J. Role of atypical pathogens in
nursing home–acquired pneumonia. J Am Med Dir Assoc. 2013;14:109–13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

