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The aim of this study was to investigate the appearance of a disturbed oropharyngeal microbiota during hospitalization
and explore the patient characteristics that maybe associated with such a disturbance. Oropharyngeal swabs were col-
lected from 134 patients at hospital admission and every 3–4 days thereafter. The samples were cultivated to determine
the presence of a disturbed microbiota, which, in turn, was subcategorized into respiratory tract pathogens, gut micro-
biota and yeast species. Demographics, medical history data and hospitalization events were compared. The percentage
of disturbed oropharyngeal microbiota increased significantly with length of stay (LOS). Receiving antibiotic treatment
during the hospitalization tended to be associated with a disturbed microbiota (OR 2.75 [0.99–7.60]). Proton pump
inhibitor (PPI) medication and receiving antibiotics before hospitalization were associated with the development of a
disturbed oropharyngeal microbiota with colonization of gut pathogens (OR 3.49 [1.19–10.2] and OR 4.52 [1.13–18.1],
respectively), while acute hospital admission was associated with a lower risk of colonization of gut pathogens (OR:
0.23 [0.074–0.72]). The risk of developing a disturbed oropharyngeal microbiota increased with LOS in hospitalized
patients. PPI medication and receiving antibiotics before hospitalization were independent risk factors for developing
oropharyngeal colonization of gut pathogens.
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The microbiota of the oropharyngeal tract normally
comprises a large variety of bacteria that helps
maintain a balanced local environment with regard
to aspects such as saliva pH and orodental health
(1). Illness and medication can disturb this balance
and thereby allow pathogens to colonize the
oropharyngeal tract or facilitate the overgrowth of
certain other species (2, 3). Examples of such
opportunistic pathogens are gut bacteria, bacteria
from the upper respiratory tract, and yeast species,
as well as any combination of these three groups.
Presence of oropharyngeal pathogens, even at low
numbers, can be identified by conventional culture
techniques. Microaspiration of these pathogens can
lead to colonization of the lower respiratory tract
and increase the risk of nosocomial pneumonia
(NP) (4, 5). Colonization of the oropharyngeal tract

by gut bacteria is associated with general severity
of illness (3) and with proton pump inhibitor (PPI)
medication; the latter relation has been shown in
intensive care cohorts (6) as well as in non-ICU
cohorts at hospital admission (7). PPI use has been
associated with a distorted gut microbiota, which in
turn can lead to development of enteric infections
in general and Clostridium difficile infection specifi-
cally (8, 9).

PPI use also increases the risk of developing NP
(10, 11), hospital-acquired pneumonia (HAP) and
the more serious ventilator-associated pneumonia
(VAP) (12–14). The incidence of NP is as high as
5–10 cases per 1000 hospitalizations, and NP is the
leading cause of mortality due to hospital-acquired
infections (15). An NP diagnosis increases hospital
length of stay (LOS) by 7–10 days, and VAP pro-
longs mechanical ventilation times as well as ICU
LOS (16). Also, hospital costs have been shown to
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rise by a factor of 5 in non-ICU patients with a
diagnosis of HAP (17). Therefore, early detection
of a disturbed oropharyngeal microbiota, along
with preservation of a normal oropharyngeal
microbiota, may be a way to reduce the occurrence
of NP to the benefit of the patient, the health care
system and society.

The primary aim of the present study was to
investigate the appearance of a disturbed oropharyn-
geal microbiota during the period of hospitalization.
Our second objective was to identify the hospitaliza-
tion events and/or patient characteristics associated
with the development of a disturbed oropharyngeal
microbiota during hospitalization. Given its primary
and secondary objectives, the study also has the
potential of describing a baseline from which poten-
tial interventions to maintain a normal oropharyn-
geal microbiota can be hypothesized.

MATERIALS AND METHODS

This clinical study was conducted at Skane University
Hospital, Lund, Sweden, using an observational, longitu-
dinal and comparative approach.

Ethical approval

The study protocol was reviewed and approved by the
Regional Ethical Review Board, Lund, Sweden (no. 2013/
764). Informed consent, including permission to collect
and publish anonymous data, was obtained from all
patients at enrolment.

Study population

During the period 6 February 2014 to 1 February 2017,
145 patients were enrolled in the study using the following
inclusion criteria: age ≥ 18 years; possible to obtain the
first oropharyngeal swab (OPS) within 24 h of hospital
admission; expected LOS of> 72 h. The exclusion criterion
was hospitalization in the preceding 14 days. Patient
enrolment occurred during a 3-year period with the aim of
including as many patients as possible during this time
with the resources at hand. Being an observational and
non-interventional study, no a priori power calculations
were performed.

The patients were identified and enrolled at nine different
wards: a medical high-dependency unit, a surgical high-de-
pendency unit, two orthopaedic wards, two surgical wards
and three internal medicine wards. Patients who changed
wards during their stay were still eligible to remain in the
study, and swabs were collected according to protocol.

Patient data

A standardized case report form was used to record the
following patient data: age, gender, smoking status, alco-
hol consumption, physical fitness, body mass index (BMI),
diabetes, ongoing systemic cortisone treatment, PPI

medication, ongoing antibiotic treatment initiated >24 h
before admission (referred to as ‘antibiotics before hospi-
talization’), lung disease at admission and whether the
patient admission was acute or planned. The following
hospitalization events were recorded: antibiotic treatment
lasting >24 h during hospitalization (referred to as ‘antibi-
otics during hospitalization’), abdominal surgery during
hospitalization, and occurrence of hospital-acquired pneu-
monia. Patients admitted for elective orthopaedic surgery
who only received a perioperative three-dose regime of
either cloxacillin or clindamycin were not classified as ‘an-
tibiotics during hospitalization’, since that prophylactic
perioperative treatment lasted for <24 h, the rationale
being the vast scope of evidence, which suggests that short
perioperative antibiotic prophylaxis does not markedly
influence the oropharyngeal milieu (18). Definitions of
variables and abbreviations are presented in Table 1.

Oropharyngeal sample collection

Sterile Nylon� flocked swabs with 1 mL liquid Amies
medium (ESwabTM 480C, COPAN Diagnostics Inc., Mur-
rieta, CA, USA), were used to collect the samples. A ton-
gue depressor and a flashlight were used to gain access to
and visualize the pharynx. The swab was inserted into the
posterior pharynx and rubbed over both the tonsillar pil-
lars and the posterior oropharynx, carefully avoiding
touching the tongue, teeth and gums. The sample was then
transported to the Department of Microbiology for culti-
vation analyses.

The first OPS was collected within 24 h of the hospital
admission (day 1) and the procedure was repeated on day
3 and approximately every fourth day thereafter through-
out the patient’s entire LOS. In all other respects, the
patients received standard care according to their diag-
noses and the clinical decisions of the responsible physi-
cians.

Microbiological procedures

The OPSs were processed by extended microbiological
procedures at the Department of Clinical Microbiology,
Skane University Hospital in Lund. The laboratory is
accredited by the accreditation body (SWEDAC) desig-
nated by the Swedish government and is formally recog-
nized as competent according to European and
international standards.

For bacteria cultivation, sampling media were inocu-
lated on five types of agar plates (three selective, one dif-
ferentiating and one non-selective). All plates were
produced in-house, sometimes using commercially avail-
able media components (5% horse blood, haematin agar
and Uriselect 4 agar), as listed below:

1. Agar with 5% horse blood (LabM, Heywood,
Lancashire, UK) supplemented with 10 mg/L
colistin and 15 mg/L nalidixic acid with an
optochin disc (selective)

2. Agar with 5% horse blood supplemented with
2 mg/L gentamicin and 25 mg/L nalidixic acid
for Gram-positive cocci including S. pneumonia
(selective)
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3. Haematin agar (OxoidTM, Thermo Science, Bas-
ingstoke, UK) supplemented with 300 mg/L
bacitracin for fastidious Gram-negative rods
including H. influenzae (selective)

4. Uriselect 4 agar (Bio-Rad Laboratories, Copen-
hagen, Denmark) supplemented with 10 mg/L
vancomycin for non-fastidious Gram-negative
rods (differentiating)

5. Haematin agar with a colistin disc (non-selective)

The plates were inspected for growth after 16 and 40 h
of aerobic, anaerobic or CO2 incubation at 35–37 °C. If
an inspection result was ambiguous at 40 h, the plate was
incubated for an additional 24 h to obtain a more definite
result. Species identification of bacteria was performed
using matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrometry (MALDI Bio-
typer Microbial Identification System, Bruker, Boston,
MA, USA).

Cultivation and differentiation of Candida spp. were
based on colony appearance on CHROM Candida agar
(CHROMagar, H€agersten, Sweden) after 48 h of incuba-
tion at 35 °C.

Definitions of culture findings

For a sample to be considered representative of ‘oropha-
ryngeal microbiota’, several bacterial species normally
found in the oropharynx cavity were required to grow on
the non-selective haematin plate as determined by visual
inspection by experienced senior microbiologists. In the
oropharynx, the genera (the taxonomic rank above spe-
cies) most commonly found are Streptococcus, Prevotella,
Capnocytophaga, Rothia, Campylobacter, Veillonella, Neis-
seria and Haemophilus (19, 20), followed by a large group
of less common genera. The plates were subsequently
inspected for signs of a disturbed oropharyngeal micro-
biota, which required growth of species not normally

found in the oropharyngeal cavity or overgrowth of nor-
mal oropharyngeal microbiota and/or overgrowth of yeast
species.

Samples with a disturbed oropharyngeal microbiota
were further assigned to one of three categories: gut
microbiota, respiratory tract pathogens or yeast species
(see Fig. 1), to aid the analysis, improve understanding of
the underlying pathogenesis, and elucidate the results. This
classification system with three categories has been used
previously (7) and was developed in collaboration with
senior microbiologists at the Department of Clinical
Microbiology, and senior consultant specialists in Infec-
tious Disease at the Skane University Hospital in Lund.

Statistical analyses

Continuous variables were presented with median, mini-
mum and maximum values. Dichotomous variables were
presented as number and as percentage of total number.
For subjects with a normal oropharyngeal microbiota at
inclusion, a univariable logistic regression was used to
analyse the association between the patients’ characteris-
tics (predicting variables) and the development of any type
of disturbed oral microbiota (dependent variable), and
also, specifically, the development of a disturbed oral
microbiota with colonization of gut pathogens.. There-
after, a multivariable logistic regression model using the
three strongest predicting variables from the univariable
analysis regarding colonization of gut pathogens was con-
structed in which one additional potential explanatory
variable was added to determine whether the model
improved or did not improve by including a fourth vari-
able. Fisher’s exact test was used to assess the relationship
between potential risk factors and HAP.

Statistical analyses were performed using IBM SPSS
Statistics 22 for Windows (IBM Corporation, Armonk,
NY, USA). Odds ratios (ORs) are presented with a 95%
confidence interval (CI). P < 0.05 was regarded as signifi-
cant, and all statistical tests were two tailed.

Table 1. Definitions of variables (short designations within parentheses)

Variable Definition

Age dichotomous yes/no, >70 years
Gender dichotomous yes/no, male
Smoking status dichotomous yes/no, current or ex-smoker
Alcohol consumption dichotomous yes/no, alcohol intake> 2 times/week
Physical fitness dichotomous yes/no, ability to climb two flights of stairs
Body mass index (BMI) dichotomous yes/no, BMI> 35
Occurrence of diabetes (diabetes) dichotomous yes/no
Ongoing systemic cortisone treatment
(cortisone treatment)

dichotomous yes/no

PPI medication dichotomous yes/no
Ongoing antibiotic treatment initiated> 24 h
before admission (antibiotics before
hospitalisation)

dichotomous yes/no

Lung disease at admission dichotomous yes/no
Acute admission to hospital (acute admission) dichotomous yes/no
Antibiotic treatment for> 24 h during
hospitalization (antibiotics during
hospitalization)

dichotomous yes/no

Hospital-acquired pneumonia dichotomous yes/no
Gastrointestinal surgery during hospitalization
(abdominal surgery)

dichotomous yes/no
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RESULTS

Initially, 145 patients were included and provided a
first OPS sample. Eleven patients were subsequently
excluded due to non-adherence to protocol, 10 due
to <2 OPSs during the hospital stay, and one due
to inclusion >24 h after hospital admission. Thus,
134 patients met all inclusion criteria and con-
tributed a total of 466 OPSs. The median number
of OPSs per patient was 3 (2–11), and all OPSs
were representative of oropharyngeal microbiota.

The baseline patient characteristics and hospital-
ization characteristics of the cohort are presented in
Table 2. Forty-five patients (34%) were treated

with PPI before and during their hospitalization.
Twelve patients (9%) had antibiotic treatment
before hospitalization, most of them with flu-
cloxacillin or clindamycin. Sixty-six (49%) received
antibiotics during hospitalization. Sixteen patients
(12%) had ongoing systemic cortisone treatment at
admission. Ninety-two (69%) of the 134 patients
were acutely admitted to the hospital, and the most
common reason for hospitalization in those cases
was acute or elective abdominal or orthopaedic sur-
gery.

Figure 1 presents the microbiological results for
the 42 patients who presented with any type of dis-
turbed oropharyngeal microbiota on any of the

Sampling day number 1  3-4  5-8  9-12  13-16  17-20  21-24  25-28  29-32  33-  
Number of OPSs´ analysed 134 128 87 55 26 15 9 6 3 3

Percentage with disturbed microbiota 11% 13% 15% 22% 8% 33% 22% 50% 100% 67%
1 Sa Hi
2 Pa Pv
3 Sa
4 Hi
5 Kp Ea Ec
6 Hi

Colour and Species Key 7 Hi Hi 
Respiratory Tract pathogens 8 Sa Sa
Haemophilus influenzae                      Hi 9 Ko
Staphylococcus aureus                     Sa 10 Hi Hi Hi  Sa 
Gut pathogens 11 Ec Ko 
Acinetobacter species A 12 Hi Hi
Citrobacter freundii Cf 13 Hi
Citrobacter koseri Ck 14 K
Enterobacter aerogenes                   Ea 15 Kp Hi
Enterobacter cloacae                Ecl 16 Ko Ko
Enterococcus faecalis                     Ec 17 Ef
Enterococcus faecium                  Efs 18 C Kp
Enterococcus raffinosus Er 19 Ef
Escherichia coli Ec 20 Cf  Cf Ef
Klebsiella untyped                            K 21 C
Klebsiella oxytoca                          Ko 22 Sa
Klebsiella pneumoniae                  Kp 23 Ef  Efs
Pseudomonas aeruginosa     Pa 24 Ea Ea
Proteus vulgaris      Pv 25 C
Yeast 26 Efs Efs
Candida albicans   Ca 27 C C
                Normal oropharyngeal microbiota 28 A

29 C
30 C C
31 Ecl C
32 Sa Hi Sa Hi
33 Efs C
34 Efs 
35 Ef
36 Ec Ec  Ef  Ef
37 Ck Ck Ck Ec  Efs Efs Ck Efs Ck Efs
38 Ecl Ecl Ef C Efs Er
39 Ecl Ecl
40 Efs
41 C
42 Efs  Ec C  Ef K

No antibiotics during hospitalisation (above line)

 Antibiotics during hospitalisation (below line)

Fig 1. Oropharyngeal swab (OPS) culture results for the 42 patients who had at least one OPS sample with a disturbed
microbiota during their hospitalization. Each horizontal bar represents the duration of a patient’s hospitalization, and the
colour indicates the OPS result for each sampling occasion (day number): yellow = normal, blue = respiratory pathogens,
terracotta = gut microbiota, green = yeast species for each sampling time point (sampling day number). The figure presents
the number of OPSs collected/analysed and the percentage of OPSs with a disturbed microbiota for the total cohort at
each sampling time point. The patients are dichotomized according to whether they did or did not receive antibiotics for
>24 h during the hospitalization. [Colour figure can be viewed at wileyonlinelibrary.com]
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sampling occasions. Approximately 22% of these
OPSs had polymicrobial results (i.e. they met the
definitions of more than one of the three subclasses
of disturbed microbiota). We found that the longer
the hospital stay, the greater the proportion of col-
lected OPSs with a disturbed microbiota. The
majority of OPSs that were collected after day 12
and showed a disturbed oropharyngeal microbiota
were subclassed as gut microbiota (Fig. 1).

In 119 patients (89%), the first OPS (at admis-
sion) was normal. In this group, the univariable
analyses showed that antibiotics given before and
during hospitalization predicted development of a
disturbed oropharyngeal microbiota (Table 3). In
the multivariable analyses, antibiotics during hospi-
talization were the only variable close to being sta-
tistically significant for the occurrence of a
disturbed oropharyngeal microbiota in this group
(P = 0.052). Restricting the univariable analyses to
colonization of gut pathogens showed that PPI
medication and antibiotics before hospitalization
were associated with an increased risk of coloniza-
tion of gut pathogens, whereas acute hospital
admission was associated with a decreased risk
(Table 4). In the best-fitting multivariable regres-
sion model, ongoing PPI medication was associated
with an increased risk of colonization of gut patho-
gens, and acute hospital admission was associated
with a decreased risk of developing such a dis-
turbed microbiota (Table 5).

Both PPI medication and antibiotics before hos-
pitalization were associated with an increased risk
of acquiring HAP (Table 6).

Cox regression analyses of the data gave no addi-
tional information regarding the development of a
disturbed oropharyngeal microbiota and its correla-
tion to LOS.

DISCUSSION

In this study, we found that a significant propor-
tion of a mixed patient cohort admitted to hospital
developed a disturbed oropharyngeal microbiota
during their hospitalization, and that the propor-
tion of included patients who had a disturbed
microbiota increased with the length of hospital
stay. In patients with a long LOS and a disturbed
oropharyngeal microbiota, gut species most com-
monly caused the disturbance. The risk of develop-
ing HAP was increased among patients treated with
PPI and/or antibiotics before their hospital admis-
sion, but the numbers were small (N = 5). PPI
medication was an independent risk factor for colo-
nization of gut pathogens. The subgroup acutely
admitted to hospital had a lower risk of acquiring
gut microbiota disturbance.

The oropharyngeal bacterial microbiota has a
strong impact on the microenvironment in the
lower respiratory tract, presumably due to continu-
ous microaspiration of bacteria into the lungs (5).
Consequently, a disturbed oropharyngeal micro-
biota may be a precursor to pneumonia.

In this study, we identified PPI medication as a
risk factor for colonization of gut pathogens in the
oropharynx and also as a risk factor for developing
HAP. These observations corroborate previous
studies showing that PPI medication was associated
with the development of VAP and HAP (10, 13),
and also changes in oropharyngeal microbiota (21).
Ongoing antibiotic treatment initiated> 24 h before
admission was a risk factor for occurrence of any
type of disturbed microbiota during hospitalization.
It is well known that antibiotics change the normal
microbiota, primarily in the large intestine but also
in the oropharyngeal and respiratory tract (22–25).

Table 2. Table–>Patient characteristics

Variable Patient cohort, n = 134

Age, years 72 (23–97)
Gender, male 69 (51%)
Smoking status 38 (28%)
Alcohol consumption 77 (57%)
Physical fitness 85 (63%)
Body mass index 26 (15–43)
Diabetes 22 (16%)
Cortisone treatment 16 (12%)
Proton pump inhibitor medication 45 (34%)
Antibiotics before hospitalization 12 (9%)
Lung disease at admission 29 (22%)
Acute admission 92 (69%)
Antibiotics during hospitalization 66 (49%)
Hospital-acquired pneumonia 6 (4.5%)
Abdominal surgery 29 (22%)

See Table 1 for definitions of the variables. Age and BMI are presented as median (range). The other variables are pre-
sented as number (valid percentages).
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There are indications that antibiotic-induced micro-
biota changes arise more slowly in the oropharynx
as compared with other parts of the gastrointestinal
tract (23, 26). If a patient undergoes antibiotic ther-
apy before being hospitalized, the effect of that
treatment on the oropharyngeal microbiota may
therefore occur during the subsequent hospital stay.
Ongoing antibiotic treatment> 24 h prior to admis-
sion may also be a marker of overall fragility and
‘degree of illness’. As stated by Johanson et al. (3),
‘the appearance of a Gram-negative bacillary
microbiota in our patients correlated best with a
clinical impression of the degree of illness’.

Those admitted acutely for hospital care in our
cohort had a reduced risk of oropharyngeal colo-
nization of gut pathogens. This suggests that
there may be differences between patients admit-
ted for elective procedures and those acutely
admitted with respect to characteristics not
accounted for in this study. A potential explana-
tion is that electively admitted patients’ general
health as a whole was undermined by a chronic
disorder, whereas a greater proportion of those
receiving emergency care were quite healthy prior
to their hospitalization.

Table 3. Univariable logistic regression analysis of
occurrence of a disturbed oropharyngeal microbiota
during hospitalization in 119 subjects with a normal
microbiota at admission

Variable n OR (95% CI) P value

Age, years 0.99 (0.97–1.02) 0.654
≤70 57 1.20 (0.51–2.83) 0.683
>70 62

Gender
Female 58 1.52 (0.64–3.63) 0.346
Male 61

Smoking status
No 86 0.69 (0.25–1.89) 0.469
Yes 33

Alcohol consumption
No 46 2.10 (0.81–5.46) 0.127
Yes 73

Physical fitness
No 39 0.78 (0.32–1.92) 0.592
Yes 80

Body mass index 119
≤35 108 2.11 (0.57–7.84) 0.264
>35 11

Diabetes
No 97 2.35 (0.86–6.40) 0.096
Yes 22

Cortisone treatment
No 104 2.63 (0.84–8.23) 0.095
Yes 15

Proton pump inhibitor medication
No 80 2.36 (0.98–5.69) 0.056
Yes 39

Antibiotics before hospitalization
No 109 3.95 (1.05–14.9) 0.042
Yes 10

Lung disease at admission
No 95 0.87 (0.29–2.61) 0.808
Yes 24

Acute admission
No 38 0.49 (0.20–1.19) 0.116
Yes 81

Antibiotics during hospitalization
No 59 2.95 (1.17–7.43) 0.021
Yes 60

Abdominal surgery
No 92 1.62 (0.61–4.26) 0.330
Yes 27

Table 4. Univariable logistic regression analysis of
colonization of gut pathogens in the oropharyngeal swabs
during hospitalization in 119 subjects with a normal
microbiota at admission

Variable n OR (95% CI) P value

Age, years 0.99 (0.96–1.02) 0.426
≤70 57 0.91 (0.33–2.47) 0.846
>70 62

Gender
Female 58 1.23 (0.45–3.36) 0.693
Male 61

Smoker
No 86 0.71 (0.22–2.34) 0.572
Yes 33

Alcohol consumption
No 46 2.49 (0.77–8.10) 0.129
Yes 73

Physical fitness
No 39 1.32 (0.43–4.01) 0.625
Yes 80

Body mass index
≤35 108 2.32 (0.55–9.76) 0.249
>35 11

Diabetes
No 97 2.66 (0.87–8.11) 0.086
Yes 22

Cortisone treatment
No 104 2.34 (0.65–8.37) 0.192
Yes 15

Proton pump inhibitor medication
No 80 4.10 (1.44–11.6) 0.008
Yes 39

Antibiotics before hospitalization
No 109 4.52 (1.13–18.1) 0.033
Yes 10

Lung disease at admission
No 95 1.16 (0.34–3.90) 0.814
Yes 24

Acute admission
No 38 0.23 (0.082–0.66) 0.006
Yes 81

Antibiotics during hospitalization
No 59 2.21 (0.77–6.34) 0.141
Yes 60

Abdominal surgery
No 92 1.90 (0.64–5.67) 0.247
Yes 27
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Our results are important. To our knowledge, we
are the first to have performed consecutive sam-
pling in a mixed cohort of hospitalized ward
patients. We are the only group to have used the
subcategorization of respiratory tract pathogens,
yeast and gut pathogens when studying and
describing microbiota changes over time. In an ear-
lier study by our group, which involved intensive
care patients as well as ward patients, PPI treat-
ment was associated with the gut-pathogen colo-
nization subclass of disturbed oropharyngeal flora
(7). Those results strengthened our belief that it is
rational to differentiate between different types of
oropharyngeal microbiota disturbances when trying
to understand potential causes and cures. Our pre-
sent results support this notion, since it appears
that the pathogenesis of overgrowth of already
existing microbiota and yeasts differs from the
pathogenesis of gut flora colonization.

The vast majority of previous research into
pathophysiology, prevention and treatment of HAP
comes from ICU environments and may therefore
not be fully applicable or relevant to a general ward
cohort setting (27). Only a few previous studies
have investigated the incidence of HAP and HAP-
associated risk factors outside an ICU setting (28–
30). Whereas these studies analysed risk factors
associated with HAP, our study aimed at identify-
ing potential pre-stages to HAP in a relatively
large, non-selected, consecutive cohort of ward
patients, which has not been done before.

Our findings reinforce the need for vigilance in
the care of patients who have risk factors associ-
ated with the development of a disturbed oropha-
ryngeal microbiota. Patients admitted with ongoing
antibiotic treatment and/or PPI medication may
well benefit from more aggressive physiotherapy
aimed at maximizing lung aeration and minimizing
aspiration; cough training, basic lung expansion
therapy and an upright position are all relatively
easily accomplished prophylactic measures. Careful
consideration of whether there is a real or a relative
indication for PPI treatment is also called for, as is
stringent and optimized antibiotic stewardship to
avoid unnecessary and potentially harmful antibi-
otics. Administration of probiotics may also pro-
mote and/or restore a normal microbiota (31–34),
but its potential needs further exploration.

Our study has limitations. Investigation of a lar-
ger cohort for a longer period would have been
preferable, enabling us to also evaluate whether a
subset of our cohort developed clinical symptoms
associated with, for example, pneumonia. Modern
Swedish healthcare, however, is characterized by
very early hospital discharges, and only a small
proportion of our cohort was hospitalized more
than a week, which reduced the possibility of iden-
tifying long-term alterations in the oropharyngeal
microbiota and any late clinical deterioration. Fur-
thermore, classic cultivation techniques have the
disadvantage of not disclosing slow-growing anaer-
obes or non-cultivable bacterial species. Hence, we
cannot know if such species were present in our
cohort. The rationale for using accredited classic
cultivation techniques is that we have striven to
align with current clinical practice, where OPS sam-
pling routinely provides the treating clinician with
guidance in choosing the right treatment for the
patient when an emerging airway infection is sus-
pected. While molecular genomic techniques might
have enhanced our ability to detect and identify
specific pathogens in our samples (35, 36), these
techniques introduce other sources of errors and
are generally more suitable when searching for
specific culprit pathogenic bacteria or when

Table 5. Multivariable logistic regression analysis of
colonization of gut pathogens in the oropharyngeal swabs
during hospitalization in 119 subjects with a normal
microbiota at admission

Variable n OR (95% CI) P value

Proton pump inhibitor
No 59 2.10 (0.60–7.28) 0.243
Yes 60

Antibiotics before hospitalization
No 109 2.08 (0.41–10.4) 0.375
Yes 10

Acute admission
No 38 0.23 (0.074–0.72) 0.012
Yes 81

Antibiotics during hospitalization
No 59 2.10 (0.60–7.28) 0.243
Yes 60

Table 6. Hospital-acquired pneumonia (n = 5)

Variable Hospital-acquired
pneumonia

P value1

No Yes
(n = 114) (n = 5)
no. (%) no. (%)

Proton pump inhibitor medication
No 79 (69.3) 1 (20.0) 0.039
Yes 35 (30.7) 4 (80.0)

Antibiotics before hospitalization
No 108 (94.7) 1 (20.0) <0.001
Yes 6 (5.3) 4 (80.0)

Acute admission
No 36 (31.6) 2 (40.0) 0.654
Yes 78 (68.4) 3 (60.0)

Antibiotics during hospitalization
No 59 (51.8) 0 (0.0) 0.057
Yes 55 (48.2) 5 (100.0)

1Fisher’s exact test.
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analysing samples that ideally should not host a
microbiota, for example, cerebral spinal fluid. There
are, however, some well-performed recent studies
where deep sequencing of the amplified 16S rRNA
gene has been used to show oropharyngeal micro-
biota changes associated with PPI medication and
antibiotic therapy (21, 24, 25). Their results are in
line with our results, but it needs to be emphasized
that the study populations differ, since those studies
were performed on out-of-hospital patients with
chronic disease undergoing long-term PPI/antibiotic
treatment.

Based on the results of this clinical observational
study, we conclude that the oropharyngeal micro-
biota seems to undergo changes during hospitaliza-
tion. We note that risk factors for disturbance of
the oropharyngeal microbiota and for the develop-
ment of HAP include antibiotic exposure, length of
hospital stay and the use of PPI medication. Con-
sidering the insights gained in this investigation, it
would be interesting to pursue this research area by
determining whether different types of interventions
can attenuate the aforementioned processes. Inter-
ventional ‘care bundles’ could potentially include
intentional discontinuation of PPI treatment, vigor-
ous physiotherapy, vigilant antibiotic stewardship
and probiotic treatment.
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