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Abstract
Introduction: Previous research has suggested that deterioration in oral health can occur following hospitalisation.
The impact of such deterioration could increase the risk of oral disease, reduce quality of life and increase the
potential for healthcare-associated infections (HCAI) such as healthcare-associated pneumonia (HAP). However, the
strength of the evidence is limited by, amongst other factors, the few observational studies published that assess
oral health longitudinally. In view of the microbiological component of oral diseases and HCAIs, the objective of
this study was to investigate the microbiological changes in dental plaque following hospitalisation in a Critical
Care Unit (CCU): (1) total number of cultivable bacteria and (2) presence and changes in specific HAP pathogens.
Methods: We conducted a prospective, longitudinal observational study in the CCU of University College Hospital,
London. Study participants were recruited within 24 hours of admission. Dental plaque samples were collected
from up to six sites per patient. The primary outcome was microbiological change from baseline to seven days
with additional analysis for participants still present at day 14.
Results: 50 patients were recruited with 36 available for review at one week, with early discharge accounting for
much of the loss to follow-up. The median total viable count of the plaque microbiota at baseline was 4.40 × 105
cfu/ml and increased at week one to 3.44 × 106 cfu/ml. The total viable microbe counts increased by a median of
2.26 × 106 cfu/ml from baseline to week one (95% CI: 3.19 × 106, 1.24 × 107) and this was statistically significant (P
< 0.01). Specific HAP bacteria were detected in 26% of participants sampled, although accounted for a relatively
low proportion of the total viable bacteria.
Conclusion: Total bacterial count of dental plaque increases during hospitalisation in CCU. This finding, together
with the colonisation of dental plaque by HAP bacteria strengthens the evidence for a deterioration in oral health
in CCU and a risk factor for negative health and quality of life outcomes.

Introduction
Current evidence suggests that oral health deteriorates
following admission to hospital, particularly in the critical care setting [1]. This is highly relevant because of
the possible impact of deterioration on development of
oral disease, effect on quality of life and well-being and
risk of HCAI.
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In terms of oral health, we have shown in a systematic
review that hospitalisation is associated with increased
dental plaque accumulation, which leads to increased
risk of inflammatory conditions in the mouth, such as
periodontal disease [1]. In addition to local disease
effects, oral inflammation has been shown to increase
systemic inflammatory burden [2]. Mucositis and dry
mouth have also been frequently reported, and, therefore, it is not surprising that poor oral health has been
shown to reduce quality of life, comfort and well-being
[3,4]. However, the strength of the evidence in this
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systematic review was limited by the few prospective,
longitudinal, observational studies, their risk of bias and
the use of outcome measures without full validity
assessment.
Increasingly, poor oral health is implicated as a factor
in the development of HCAIs such as healthcareacquired pneumonia (HAP) [5-7]. If the oral biofilm
provides a reservoir of respiratory pathogens that subsequently lead to pneumonia, then interventions to secure
and maintain oral health should reduce the risk of HAP.
Mechanical and chemical oral hygiene measures have
been shown to reduce the rate of respiratory pathogen
colonisation in the oral microbiota [8,9], thus reducing
the risk for HAP amongst hospital inpatients. Although
HAP-associated bacteria may enter the lungs in several
different ways, aspiration of bacteria from the mouth
and oropharynx is perhaps the most important mechanism of lower-airway infection in pneumonia pathogenesis [10]. Indeed, studies have reported a high degree of
similarity of the microbiota upon comparing oral and
respiratory samples in HAP [5,11,12].
Taken together, the evidence suggests that admission
to a critical care unit (CCU) is associated with deterioration of oral health and that the impact of this deterioration is potentially a serious public health concern.
Therefore, in view of the limited evidence available, we
designed this study to investigate the effect of stay in
CCU on dental plaque following the first seven days of
hospitalisation in a CCU. The first part of the study
reporting clinical outcomes was published previously
[13], and this report describes the microbiological
findings.

Materials and methods
Study design and setting

Prospective observational study in the CCU of University College Hospital, London. The unit offers high
dependency and intensive care to a mixed population of
medical and surgical patients. The unit has 35 beds and
is managed by consultant-led multidisciplinary teams.
Ethical approval was obtained from Central London
Research Ethics Committee 3 (09/H0716/66).
Participant selection and eligibility criteria

All patients admitted to the CCU were screened as
potential participants to be included in this study within
24 hours of admission. Patient inclusion criteria were
assessment within 24 hours of admission, minimum of
six teeth present (dentures could be present but were
not counted as teeth), at least 18 years of age, and not
having been an inpatient within the previous one
month. Exclusion criteria included edentulous patients
and patient conditions that prevented assessment, for
example, following major maxillofacial surgery.
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The patient characteristics recorded were age, gender
and nutritional status (nil by mouth, enteral tube-feeding, parenteral nutrition and oral nutrition); if supplementary oxygen was required, the mode of delivery was
noted; and either self-ventilating (via nasal cannulae or
facemask) or requiring mechanical ventilation (noninvasive or via an oral endotracheal tube or tracheostomy);
and dependency for oral care (dependent or independent). Dependent participants were defined as those
who were fully dependent on nursing staff for the provision of their dental hygiene, whilst independent patients
conducted their own dental hygiene. Oral care policy for
dependent patients was brushing teeth twice per day, 2%
chlorhexidine gel three times per day, and sponge
brushes with water twice per day.
Consent/assent

Participants were recruited into the study within 24
hours of admission. Assent to participate was sought
from a personal consultee, or, if absent, a professional
consultee. Under such circumstances, formal assent
could be delayed for up to 48 hours, and, if it was later
withheld, participation in the study was discontinued
and the patient’s data destroyed.
Assessment and plaque sampling

Dental plaque was sampled at representative Ramfjord
teeth (FDI World Dental Federation notation 16, 21, 24,
36, 41 and 44) on their buccal surfaces using a sterile
graduated periodontal probe (CPITN-C; DENTSPLY
International, Weybridge, UK) and a halogen head
torch. If teeth were missing or obscured by endotracheal
tubes or were denture teeth, the adjacent tooth was
sampled in a clockwise manner. As this was an observational study, there was no change to ongoing nursing
interventions for oral healthcare implemented during
this study. Sampling was organised to avoid affecting
medical care and with the agreement of the nursing
staff. Each assessment lasted a maximum of five
minutes.
Intervals of outcome assessment

Following baseline, the next examination was conducted
at day 7 (± 2 days). The variable follow-up period was
employed to allow some flexibility around the hospital
and staff routines. A further assessment of plaque was
conducted at day 14 (± 2 days) for those patients still
present in CCU.
Microbiology

The samples of dental plaque were placed in a single
plastic cryopreservation transport tube (SARSTEDT Ltd,
Beaumont Leys, UK) container with 1.0 ml of reduced
transport fluid supplemented with 10% glycerol
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(cryoprotectant). The samples were stored immediately
in a -70°C freezer until they were processed. The plaque samples were vortex-mixed for 60 seconds, and
serial dilutions were prepared in sterile phosphate-buffered saline (Oxoid Ltd, Basingstoke, UK). Each dilution was inoculated (in duplicate) onto Fastidious
Anaerobe Agar (E&O Laboratories, Bonneybridge, UK)
supplemented with 5% defibrinated horse blood to
determine the total number of cultivable bacteria in
the specimen. Colonies were enumerated after five to
seven days of incubation in an anaerobic cabinet at 37°
C. The isolation and enumeration of organisms associated with HAP were achieved by inoculation of the
dilutions onto the following selective media and incubation: (1) mannitol salt agar (aerobic incubation) for
Staphylococcus aureus; (2) cetrimide agar (aerobic
incubation) for Pseudomonas aeruginosa; (3) blood
agar (incubated in 5% CO2/air) for Streptococcus pneumoniae; (4) bacitracin chocolate agar (incubated in 5%
CO2/air) for Haemophilus influenzae; and (5) MacConkey agar (aerobic incubation) for Klebsiella pneumoniae, Serratia marcescens, Proteus mirabilis,
Escherichia coli and Enterobacter cloacae.
After incubation, the various colony types on each
medium were counted. Identification was completed by
determining atmospheric growth requirement, Gram
stain reaction, haemolysis, catalase, oxidase and coagulase
reactions and optochin sensitivity. If these tests still
proved equivocal, further species identification was carried out using the API strip identification system (API 20
and API 20 NE; bioMérieux UK Ltd, Basingstoke, UK).
Sample size calculation

Study power was calculated for clinical dental plaque
changes [13]. Using a paired t-test at 90% power and a
significance level of 0.05, 35 participants would be
required to detect as statistically significant at least onehalf unit change in full-mouth plaque scores over seven
days, assuming a SD of the differences of 0.88. A sample
size of 50 participants was agreed to allow expected
losses to follow-up within the CCU.
Data analysis

All statistical analysis was carried out using SPSS software version 20 (SPSS, Inc, Chicago, IL, USA). Initially,
summary measures were described in terms of frequency, median and ranges for baseline in weeks 1 and
2. Thereafter the overall proportions of cultivable plaque
bacteria which contained specific HAP-associated bacteria were described. Nonparametric methods were used
to assess changes in the microbiology from baseline to
weeks 1 and 2, in the form of a Wilcoxon signed-rank
test. Wherever possible, data were analysed to investigate the impact of potential prognostic variables, such
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gender and dependency for oral care, by use of a MannWhitney U test.

Results
Characteristics of study participants

The baseline characteristics of participants are given in
Table 1. Most of these patients were nil by mouth for
their nutrition (65%) and were self-ventilating with nasal
cannulae (62%). There were also more patients who
were dependent on the nursing teams for their oral care
(56%) than those who were able to complete their own
oral care (44%). Plaque samples were collected from 50
patients at baseline. At week 1, 36 of these patients
were still present for microbial sampling, and 10
patients remained for sampling at week 2. The causes of
losses to follow-up were early discharge or death (baseline to week 1, n = 14; week 1 to week 2, n = 16).
Total viable microbial counts

The median total viable count of the plaque microbiota
at baseline was 4.40 × 105 colony-forming units (cfu)/ml
(range when detected of 8.00 × 103 cfu/ml to 4.56 × 107
cfu/ml) (Table 2). The median total viable count of the
plaque microbiota at week 1 was 3.44 × 10 6 cfu/ml
(range when detected of 1.40 × 104 cfu/ml to 4.46 × 107
cfu/ml), and for week 2 it was 2.99 × 105 cfu/ml (range
when detected of 1.00 × 105 cfu/ml to 4.50 × 107 cfu/
ml). The median was taken as a descriptive summary
measure because the data were skewed. The detectable
limit of bacteria was 4 × 102 cfu/ml.
Table 1 Baseline characteristics
Characteristics

Number of patients

Percentage

Female

27

54%

Male

23

46%

Nil by mouth
Oral

34
12

65%
24%

Enteral

3

6%

Parenteral

1

2%

Dependent

28

56%

Independent

22

44%

Nasal
Endotracheal

31
12

62%
24%

Self-ventilated

4

8%

Facemask

3

6%

Antibiotics

38

76%

Antacids

33

66%

Antifungals

3

6%

Gender

Nutritional status

Dependency of oral care

Type of ventilation

Medications
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Table 2 Median change in total viable microbe{AU: “microbe” correct here? As meant?} counts between baseline and
follow-up visits per sample
Baseline

Increase between baseline and week 1

(n = 50)

(n = 36)

(n = 10)

4.40 × 105 cfu/ml

2.26 × 106 cfu/ml (P < 0.01)

-7 × 103 cfu/ml (P < 0.77)

Change in total viable counts between visits

The total viable microbe counts increased by a median
of 2.26 × 106 cfu/ml from baseline to week 1 (95% CI:
3.19 × 106, 1.24 × 107), and this change was statistically
significant by the Wilcoxon signed-rank test (P = 0.01).
The change from week 1 to week 2 was not statistically
significant (P = 0.77), although it was based on only ten
patients.

Increase between weeks 1 and 2

microbiota, respectively. One of the 50 patients harboured Proteus mirabilis. Interestingly, Serratia sp.,
Escherichia coli, H. influenzae and Streptococcus pneumoniae were not detected. No comparisons were conducted between sample dates, as the level of HAP
pathogen carriage was low. The level of the total cultivable plaque microbes which comprised yeasts ranged
from 0.11% to a maximum of 2.28% when detected,
with 17 (34%) of 50 patients having a detectable level.

Hospital-acquired pneumonia (HAP)-associated bacteria

Overall, the dental plaques of 13 (26%) of 50 patients
were colonised by HAP-associated pathogens. The
HAP-specific bacteria examined included Staphylococcus
aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Enterobacter cloacae, Proteus mirabilis, Serratia sp.,
Escherichia coli, Haemophilus influenzae and Streptococcus pneumoniae (Figure 1). There was little qualitative
difference between baseline and week 1, so the presence
of bacteria was reported at either baseline or week 1.
The proportion of the total cultivable plaque bacteria
which comprised Staphylococcus aureus ranged from
0.02% to a maximum of 8.14% when detected. Seven
(14%) of fifty patients had a detectable level of their
total viable microbiota comprising Staphylococcus aureus. The proportion of the total cultivable plaque bacteria which comprised K. pneumoniae, ranged from less
than 0.001% to a maximum of 0.02%, with three (6%) of
fifty patients having a detectable level of their total
viable microbiota comprising K. pneumoniae. Two (4%)
of 50 patients harboured Enterobacter cloacae, which
comprised 0.06% and 0.41% of their total viable oral

Figure 1 Proportion of patients colonised by specific bacteria
associated with healthcare-associated pneumonia (HAP).

Relationship of change in total viable count to clinical
characteristics from baseline to week 1

Subgroup sizes were judged to be too small to test many
of the demographic and clinical characteristics. When
evaluating total bacterial count in conjunction with gender and dependency for oral care, however, we found
that there was no evidence of an effect of either variable
by Mann-Whitney U test on the change in the total
viable bacterial count between baseline and week 1 (gender, P = 0.20 (Figure 2); dependency for oral care, P =
0.33 (Figure 3)).

Discussion
Key findings

The key findings of this observational study are that the
median total viable dental plaque increased from CCU
admission to week 1 and that the dental plaque of 26%
of patients was colonised by HAP-associated organisms.

Figure 2 Change in median total viable count in relation to
gender from baseline to week 1.
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colonisation of the oral biofilm by respiratory pathogens
may be a surrogate measure for risk of infection
[11,14,15]. A few published studies have considered oral
and lung colonisation in a CCU setting and then related
this to the prevalence of HAP [5,11,12]. In those studies,
a wide range of association (0% to 88%) was found when
bacteria isolated from the oropharyngeal region were
examined for species similar to those found by fibre optic
bronchoscopy or bronchoalveolar lavage of the lungs.
Assessment of findings in relation to other studies

Figure 3 Change in median total viable count in relation to
dependency of oral care from baseline to week 1.

Strengths and weaknesses of the study

Key strengths of the study include the prospective nature of the study, the speed of participant recruitment
within 24 hours and careful microbial sampling and culture. The main limitation of this study is that there was
a lack of a true control group. However, it is difficult to
design a meaningful comparison. Investigating patients
following admission to another hospital ward or nursing
home, for example, might provide a valuable evaluation
of a different setting but would not be a true control.
Another limitation is sample size. We calculated study
power for the primary clinical outcome (dental plaque
index), and recruitment met this target [13]. However,
the number of patients may have been too small to
detect changes in microbiological outcomes such as the
colonisation of dental plaque by HAP pathogens. It is
also possible that sampling of dental plaque for assay
might have affected the biofilm, both quantitatively and
qualitatively. We considered this issue prior to the
study, and, as plaque was required for the culture, there
was no straightforward method to overcome it. However, we sought to reduce the effect by disrupting the
biofilm as little as possible with the use of a 0.5-mmdiameter tip periodontal probe. This sampling method
was thought to be less invasive than other sampling
techniques that employ dental scalers or paper points.
However, collection of a larger amount of dental plaque
might have resulted in different findings. In order to
collect more dental plaque, follow-up assessments would
need to be conducted on different teeth, thereby introducing the potential for greater variability.
As we did not record the incidence of HAP, we do not
know whether those participants who harboured HAPassociated bacteria developed HAP infection, although

The findings of our study in general are supported by
other reports that show a significant increase in the total
viable dental plaque from within 24 hours of hospital
admission (at baseline) to a follow-up assessment at one
week [11,12,16]. In this study population, specific HAP
bacteria were detected to a similar extent (26%) when
compared to other studies (30% to 60%). Nonetheless,
the specific bacteria accounted for a relatively low proportion of the total viable bacteria, with a maximum proportion of 8.14% for Staphylococcus aureus, which is in
keeping with findings of other similar studies [16,17].
The differences may be due to methodology such as
cryopreservation of samples prior to culture, unlike other
previous studies [16,18-20]. In this study, we investigated
the presence and absence of HAP-related bacteria
together with the proportion of the total viable bacterial
count, and this has been considered by only two other
culture-based studies [16,21]. Our analysis was completed prospectively with a clear plan regarding which
bacteria to assess. Other studies were either conducted
retrospectively, or were unclear regarding which bacteria
were selected for analysis from the outset [11,18,22,23].
In studies in which only positive findings were reported,
the representativeness of these data are unclear.
Implications of the study for clinicians and policymakers

This study adds to the growing body of evidence that
oral health deteriorates following hospitalisation
[1,13,21,24]. Because deteriorating oral health is associated with a greater risk of healthcare-associated infections [7] and reduced quality of life [3,4], there are
important implications for overall healthcare.
Factors that may account for this deterioration include
independent patients’ becoming dependent upon hospital staff for oral care, which is further aggravated by the
absence of training or equipment to deliver effective
oral hygiene; the low priority of oral care in CCUs; and
the lack of clear guidelines on oral care delivery
[1,25,26]. The hospital routine for oral care included
sponge toothettes and topical chlorhexidine in dependent patients, and independent patients were encouraged to continue their own oral hygiene routine. Our
results showed the amount of dental plaque significantly
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increased within CCUs. It is possible that this deterioration in oral health would be even greater in hospital
units with less intensive nursing care and support.
Even though guidelines are available in this field
[27-29], oral care may be ineffective and poorly followed
and may not be evidence-based [25]. Therefore, improvements in healthcare need to be based on both better evidence for effective interventions and for their successful
implementation in this challenging environment.
Future research

Priorities for further research should include prospective
studies of the relationship between colonisation of the
dental plaque biofilm by HAP-associated bacteria and
the development of HAP itself. It would be helpful to
broaden the setting of these studies to non-CCU and
long-term care units.
Additional carefully conducted intervention trials are
still required to identify the most promising interventions or bundles of care. As mentioned previously, however, implementation studies will be an essential stage of
future research to translate promising interventions into
effective care.

Conclusions
Hospitalisation is associated with a substantial increase
in the total viable count of dental plaque bacteria. In
our present study, we found that 26% of patients were
colonised by hospital-associated pneumonia pathogens.
This study adds to the evidence showing the deterioration in oral health following hospitalisation in
CCUs. This finding is extremely important for both
individual and public health. Existing evidence clearly
indicates that poor oral health reduces quality of life
and well-being, in addition to contributing to healthcare-associated infections [7,30,31]. Priorities for further
research should therefore include evaluating oral health
changes in hospital settings outside the CCU, identifying
the best oral care interventions in different settings and
developing effective implementation strategies for care
pathways directed towards maintaining oral health.
Key messages
• Total viable bacterial count of dental plaque
increases following admission to the CCU.
• We found that 26% of patients were colonised by
hospital-associated pneumonia pathogens.
• This study adds to the growing evidence of deterioration in oral health in the CCU.
• Deteriorating oral health increases the risks for
oral disease, negative effects on quality of life and
healthcare-associated infections.
• Existing standards of oral care in the CCU do not
maintain oral health.
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