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Abstract  Gastropulmonary route of infection was con-
sidered to be an important mechanism of ventilator-asso-
ciated pneumonia (VAP). However there is little evidence
to support this assumption. Moreover, the prevalence of
microaspiration in elderly ventilated patients was not well
understood. To confirm gastropulmonary infection route
and investigate the prevalence of microaspiration in elderly
ventilated patients using genome macrorestriction-pulsed
field gel electrophoresis (GM-PFGE). Patients over
60 years old, expected to receive mechanical ventilation
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longer than 48 h, were prospectively enrolled from October
2009 to January 2012. Clinical data were collected and
recorded until they died, developed pneumonia, or were
extubated. Samples from gastric fluid, subglottic secretion
and lower respiratory tract (LRT) were collected during the
follow-up for microbiological examination. To evaluate the
homogeneity, GM-PFGE was performed on strains
responsible for VAP that had the same biochemical phe-
notype as those isolated from gastric juice and subglottic
secretions sequentially. Among 44 VAP patients, 76 strains
were isolated from LRT and considered responsible for
VAP. Twenty-two isolates had the same biochemical
phenotype with the corresponding gastric isolates. The
homology was further confirmed using GM-PFGE in 12
episodes of VAP. Nearly 30 % of VAPs were caused by
microaspiration based on the analysis of bacterial pheno-
type or GM-PFGE. In addition, 58.3 % patients with gas-
tric colonization developed VAP, especially late-onset
VAP (LOP). Gastropulmonary infection route exists in
VAP especially LOP in elderly ventilated patients. It is one
of the important mechanisms in the development of VAP.

Keywords Ventilator-associated pneumonia -
Gastropulmonary route - Genome macrorestriction-pulsed
field gel electrophoresis

Introduction

Ventilator-associated pneumonia (VAP) is a nosocomial
pneumonia that typically occurs in patients receiving
mechanical ventilation (MV) for longer than 48 h. The
incidence rate varies from 6 to 52 % and the attributable
mortality ranges from 24 to 76 % in critically ill patients
[1, 2]. Patients over 60 years old are more likely to suffer
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from VAP [2]. The colonization of stomach, oropharynx,
and trachea by potential microaspiration may play an
important role in the onset of VAP in critically ill intubated
patients. Measures aiming to prevent aspiration in intu-
bated patients could be helpful in preventing VAP and
improving patient outcomes [3, 4]. However, there are no
sufficient microbiological evidences to support the gastric
colonization and gastropulmonary route of infection in the
pathogenesis of VAP. Several studies tried to use Tech-
netium 99 labeled enteral feeding, blue methylene or
quantitative pepsin measurement in tracheal aspirates to
verify the microaspiration in critically ill patients [4-7].
However, radioactivity or difficulty in implementation
limits the application of these techniques. The prevalence
of microaspiration in the airway in elderly ventilated
patients is also unknown. With the aging of the society,
more attentions should be paid to the elderly patients. More
useful measures to prevent VAP especially in elderly
patients should be taken into account. The aims of this
study are: (1) to further verify gastropulmonary route of
infection in the pathogenesis of VAP in elderly ventilated
patients by testing homogeneity of the microorganisms
isolated from gastric juice, subglottic secretions, and
endotracheal aspirates sequentially with genome macrore-
striction-pulsed field gel electrophoresis (GM-PFGE) and
to develop an easy and sensitive diagnosis tool for mi-
croaspiration; (2) to investigate the prevalence of microa-
spiration in elderly ventilated patients in order to develop
effective prevention strategies for VAP.

Methods and Materials
Study Design

This study was conducted at the Hospital from October
2009 to January 2012. Inclusion criteria were patients
expecting mechanical ventilation for more than 48 h.
Because of the recession of laryngopharyngeal sense, mi-
croaspiration is more likely to occur in older patient than in
the younger ones. To better prove the role of microaspi-
ration and gastropulmonary route in VAP, patients younger
than 60 years old were excluded from the study. Patients
were also excluded if they died within 48 h, or the duration
of MV was shorter than 48 h or had pre-existing pneu-
monia when MV began. Patients were followed until death,
incidence of pneumonia, or extubation. For strains
responsible for VAP that were identical to those isolated
from gastric juices, subglottic secretions, and LRT in bio-
chemical phenotype, chromosomal DNA analysis was
performed with GM-PFGE. All patients received proki-
netic drug as routine during the study. Hospital’s Human
Subject Research Committee approved the study prior to its
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initiation. Informed consent was also obtained from each
patient or their legally authorized representatives.

A clinically suspected VAP was defined as the presence
of a new persistent or progressive infiltration on chest
X-ray and at least 3 of the four following criteria [8]: (1)
rectal temperature >38.0 °C or <35.5 °C; (2) Blood
leukocytosis (>10 x 103/mm3) and/or left shift of leuco-
penia (<3 x 10*/mm?); (3) >10 leukocytes per high-power
field in Gram stain of tracheal aspirate; (4) tracheal aspirate
semi-quantitative culture >(+). When VAP is suspected,
bronchoscopy with protected specimen brush (PSB) was
performed. The diagnosis of VAP was established on the
basis of positive quantitative cultures from PSB [cutoff
point >10° colony-forming units (cfu)/ml] [9]. Based on
the time of onset, VAP can be divided into 2 types: early-
and late-onset. Early-onset VAP (EOP) occurs between 48
and 96 h after intubation, while late-onset VAP (LOP)
occurs later than 96 h after intubation.

Collection and Measurement of Key Variables

Descriptive data were collected, including demographics,
co-morbidities, severity of illness as determined by scores
on the Acute Physiology, Age, and Chronic Health Eval-
uation (APACHE) II, and ICU outcomes. Demographic
data included gender, age, clinical settings, and reasons for
administration.

Gram stain and culture of the subglottic secretions,
endotracheal aspirates, and gastric juice were performed
every day. Chest X-ray was taken prior to MV, on the Ist,
7th, 15th day of MV or whenever nosocomial pneumonia
was suspected. On the 4th day of MV, 2 ml methylene blue
diluted with 20 ml normal solution was administered to the
patient through the nasogastric tube.

All the data were recorded on specific case report forms.

Chromosomal DNA Analysis by GM-PFGE

Chromosomal DNA analysis with GM-PFGE was per-
formed for isolates that were collected from the lower
respiratory tract (LRT), responsible for VAP. These iso-
lates were the identical pathogens in bacterial culture
(biochemical phenotype) to those isolated from gastric
juices and subglottic secretions.

All specimens were inoculated onto blood agar imme-
diately after sampling. One colony was selected and cul-
tured on Luria-Bertain substrate (LB) at 37 °C for 24-28 h,
and then centrifuged, followed by resuspension in TE25S
buffer (saccharose 0.3 M, 0 25 mM EDTA- Tris—HCI, pH
8.0). The bacterial concentration was then adjusted to
ODsso equal to 1.0. The suspensions were mixed with
equal volume of 2 % low melting point agarose and
allowed to solidify in 100 pl molds. Plugs were incubated
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Table 1 Demographic data and clinical characteristic of study
population

Table 2 Relationship of VAP and bacterial colonization in gastric
fluid

Characteristics No. (%)
Sex
Male 53 (61.6)
Female 33 (38.4)
Age (years) 705 £ 7.1
Source of the patient
Surgical ICU 65 (75.6)
Respiratory ICU 5@6.7)
Cardiac ICU 8 (9.3)
Medical ICU 4.4.7)
Emergency room 4 .@4.7)
APACHE I score 14.54 £ 5.75
Co-morbidities
ARDS 20 (23.3)
COPD 31 (36)
Diabetes mellitus 17 (19.8)
Cancer 27 (31.4)
Heart diseases 46 (53.5)
Stroke 14 (16.3)
Smoke more than 50 years 18 (20.9)

Data are presented as mean £ SD or No. (%)

ICU intensive care unit, APACHE acute physiology, age, and chronic
health evaluation, ARDS acute respiratory distress syndrome, COPD
chronic obstructive pulmonary diseases

in 1 ml of TE25S solution with 1-2 mg/ml of lysozyme for
2-4 h at 37 °C and then incubated in 1 % NDS solution
[EDTA (pH 8.0) 0.5 mM, Sodium Lauroyl Sarcosine
1.0 % (AMRESCO, Shanghai bioengineering Ltd.)] sup-
plemented with 200 pg/ml of proteinase K (AMRESCO)
for 24 h at 50 °C. After washing with 1 ml TE buffer
(10 mM Tris [pH 8.0], 1 mM EDTA [pH 8.0]), the samples
were digested with 30-60 U of Sma I, Xbal (Fermentas life
science, Shanghai bioengineering Ltd.) or Spe I (New
England Biolab, NEB, Shanghai, Ltd.) for 2 h according to
the manufacturer’s recommendations. Fragments of DNA
were separated using PFGE in a 1 % agarose gel (AM-
RESCO, Shanghai bioengineering Ltd.) in 0.5x TBE
buffer [diluted from 5x TBE (Tris alkali 54 g, boracic acid
27.5 g, 0.5 M EDTA, pH 8.0)] at 14 °C using the Bio-Rad
CHEF-DR XA system. Then samples and the DNA marker
(lambda ladder, ProMega Ltd.) were electrophoresised at
6 V/cm for 20 h with pulse time ranging from 5 to 45 s
depending on the different strains. After electrophoresis,
gels were stained with 0.5 pg/ml ethidium bromide (EB)
for 1 h, washed, and photographed with Bio-rad visuali-
zation system. Strains were differentiated according to the
criteria of Tenover et al. [10].

Culture of gastric fluid (n) Total (n)
J’_ —
VAP (n) 35 9 44
Non-VAP (n) 25 17 42
Total 60 26 86

(4+) means positive cultivation; (—) means negative cultivation;
Pearson »° value is 4.084, P = 0.043

VAP ventilator-associated pneumonia

Statistical Analysis

Statistical analysis was performed with Statistical Package
for the Social Sciences, version 18.0 for Windows (SPSS
Inc., Chicago, IL, USA). Continuous variables were sum-
marized as mean =+ standard deviation (SD) and categori-
cal variables were summarized as percentage of the study
population. Categorical variables were compared using
Pearson x> test. All tests were two-sided, and P value
<0.05 was considered to be statistically significant.

Results
Patients Characteristics and Incidence of VAP

Over a period of 15 months, 112 eligible patients were
screened. Eighty-six patients met the inclusion criteria,
including 53 males and 33 females. The average age was
70.5 £ 8.1 years, ranging from 60 to 92 years. Sixty-five
patients (75.6 %) were from surgical ICU, the rest from
respiratory ICU, cardiac ICU, medical ICU, and emergency
room. Forty-four patients (51.2 %) developed VAP during
the study. The demographic and clinical characteristic of
the study population were shown in Table 1.

The Relationship Between VAP and Gastric
Colonization

Of the 86 study patients, there were 60 with positive cul-
tures of gastric samples, and 26 with negative culture.
Among these sixty patients, 58.3 % (35 patients) developed
VAP. In comparison, only 9 out of 26 patients (23.1 %)
with no bacterial colonization in gastric juice developed
VAP (P = 0.043) (Table 2).

Pathogens Isolated from Different Body Sites
and Aspiration of Oropharyngeal Secretions

Seventy-six different strains were isolated from LRT and
regarded as the causative pathogen in all 44 episodes of VAP.
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Table 3 Pathogens responsible for VAP and gastric colonization

No. of
causative strains
for VAP (%)

Identical with
strains from gastric
colonization (%)

Microorganisms

GNB 52 (68.4) 17 (32.7)
Pseudomonas aeruginosa 16 (21.1) 8 (50.0)
Acinetobacter baumannii 16 (21.1) 3 (18.8)
Klebsiella pneumoniae 4 (5.3) 2 (50.0)
Enterobacter cloacae 4 (5.3) 3 (75.0)
Escherichia coli 2 (2.6) 1 (50.0)
Others 10 (13.2) 0 (0)

GPC 19 (25.0) 5(26.3)
MRSA 10 (13.2) 4 (40.0)
MSSA 3 (3.9 0 (0)
Others 6 (7.9) 1 (16.7)

Fungi 5 (6.6) 0 (0)

Total 76 22 (28.9)

Data are present as No. (%)

VAP ventilator-associated pneumonia, GNB gram-stain-negative
bacterial, GPC gram-stain-positive coccus, MRSA methicillin-resis-
tant Staphylococcus aureus, MSSA methicillin-sensitive Staphylo-
coccus aureus

Of all the 76 stains isolated from LRT, 22 (18 isolated from
episode of late-onset VAP) were proved to have the identical
biochemical phenotype with those isolated from the gastric
fluid. Late-onset VAP was defined as VAP developed after
more than 5 days of MV. This suggested that about 28.9 %
(22/76) causative pathogens for VAP might have come from
gastric fluid. Table 3 summarized the pathogens isolated
from LRT and gastric fluid. Eighteen cases received meth-
ylene blue through nasogastric tube. Methylene blue was
invisible but could be detected in oropharyngeal secretions in
all 18 patients under the microscope.

Gastropulmonary Route of Infection Analyzed
by Chromosomal DNA Analysis with GM-PFGE

Biochemical typing and antibiotic susceptibility test were
done for all isolated pathogens. Thirty-five phenotypically
identical strains were isolated from gastric fluid, subglottic
secretions, and LRT in 15 episodes of VAP. GM-PFGE
was performed to confirm the homology. The result
showed a homology of strains in 12 episodes of VAP
(12/44, 27.3 %). All these strains were isolated from gas-
tric samples or LRT except one strain of Streptococcus
pneumoniae isolated from subglottic secretions. Figure 1
showed the GM-PFGE results of these 35 strains. It is
notable that the fragments of Acinetobacter baumannii or
methicillin-resistant Staphylococcus aureus (MRSA) iso-
lated from different patients didn’t show any significant
difference (Fig. 1d).
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Discussion

The role of the gastric reservoir in the pathogenesis of VAP
is still controversial [11]. Aspiration of human gastric juice
might associate with tracheobronchitis and VAP. The
incidence of aspiration varies greatly from 11.3 to 88 % of
intubated patients [12, 13]. In this study, we found that
about 28.9 % causative pathogens for VAP had the iden-
tical phenotype with those isolated from gastric fluids. This
result is consistent with our previous adult cohort study
[14]. Moreover, we found that VAP developed more fre-
quently in patients with positive gastric content culture.
These results indicate microorganisms colonizing in the
gastrointestinal tract and microaspiration may be very
important factors for the development of VAP. This was
further confirmed by chromosomal DNA analysis using
GM-PFGE. In our study we found that the bacterial strains
that caused VAP were identical to those previously colo-
nized in the stomach and the incidence of microaspiration
was about 27.3 % using GM-PFGE analysis. Similar
results were also reported by Garrouste-Orgeas et al. [15].
Several other studies suggested that administration of
prokinetic drugs combined with semi-recumbent body
positioning and/or continuous subglottic secretions drain-
age could be helpful in reducing VAP, especially in the
elderly patients [16—18].

How to detect the microaspiration easily and accurately
remains challenging. Methylene blue is probably the most
frequently used marker for aspiration in animal and human
studies. However, it is impossible to quantitatively deter-
mine microaspiration, and fiberoptic bronchoscopy is
required to diagnose microaspiration with blue dye. Pepsin
measurement in tracheal aspirates is accurate and easy to
use in diagnosing microaspiration of gastric contents in
critically ill patients. However, pepsin should be detected
rapidly after aspiration [4, 12]. In this study bacterial cul-
ture and/or GM-PFGE were used to confirm the microa-
spiration in ventilated elderly patients. GM-PFGE is
considered the gold standard for detecting the pathogens’
homogeneity. The results of bacterial culture were highly
consistent with the result of GM-PFGE in our study. As we
know, bacterial culture is easy to perform in clinic. And it
is also beneficial for choosing appropriate and effective
antibiotics. The disadvantage of bacterial culture is that it
may take 72 h to get the results, which might delay the
diagnosis. Gram strain is a rather quicker and easier
method than bacterial culture. But further study is needed
to determine whether gram strain could become an alter-
native choice. Bacterial culture or/and Gram stain of the
secretions from different parts of the body could help
detect the microaspiration in patient with MV timely.
Method to further prevent VAP should be studied based on
this pathogenesis.
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Fig. 1 Pulsed-field gel electrophoresis (PFGE) of strains with
identical biochemical phenotypes that were sequentially isolated
from gastric juice, lower respiratory tract (LRT), and subglottic
secretions. a 15 Pseudomonas aeruginosa stains. Lane 1 phage
lambda DNA (Marker); lanes 2 gastric samples, lane 3 LRT of the
same patients, showing that there were more than 3 different
fragments between them; lanes 4, 5 and lanes 15, 16 were isolates
from the gastric samples and LRT of 2 patients, respectively. Lanes
6-8, lanes 9-11, and lanes 12—-14 were isolates from the gastric
samples, subglottic samples and LRT of 3 patients, respectively. For
these 5 patients, PFGE analysis confirmed that the pathogens from
different sites were identical. b 9 Enterobacteriaceae strains. Lane 1
phage lambda DNA (Marker); lanes 2, 3 Escherichia coli from gastric
samples and LRT of the same patient. Lanes 4, 5 Klebsiella

Unfortunately, we noticed that some Acinetobacter
baumannii and Staphylococcus aureus strains had identical
molecular type in different patients using GM-PFGE ana-
lysis. This demonstrated the occurrence of cross-infection
in ICU. Prevention and control of hospital infection should
be strengthened in the future.

Our study has some limitations. The cases that met the
study criteria were mainly postoperative surgical patients
from the same hospital. Multicenter research should be
considered to illustrate the gastropulmonary route of
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pneumoniae from gastric samples and LRT of the same patient.
Lanes 6, 7 Enterobacter cloacae from gastric samples and LRT of the
same patient. Lanes 8-10 E. cloacae from gastric samples, LRT and
subglottic samples of the same patients. All strains of E. cloacae
isolated from the same patient were identical. ¢ 2 Streptococcus
pneumoniae strains. Lane 1 phage lambda DNA (Marker). One
different fragment between 2 strains was showed. d 4 Staphylococcus
aureus stains and 5 Acinetobacter baumannii strains. Lane I phage
lambda DNA (Marker); lanes 2, 3 and lanes 4, 5 Staphylococcus
aureus isolated from the gastric samples and LRT of 2 patients,
respectively. Lanes 6, 7 A. baumannii isolated from gastric sample
and LRT of the same patient. Lanes 8—10 A. baumannii from gastric
samples, LRT and subglottic samples of another patient

infection and prevalence of microaspiration for VAP in
elderly patients in the future. We also noticed that the
incidence of VAP was nearly 2 times high as that reported
by Kollef et al. [19] and Liberati et al. [20] recently.
According to the epidemiological study and continuous
monitoring of ventilation-associated pneumonia in our
hospital, the incidence of VAP was as high as 51.2 % in
surgical ICU from December 1999 to February 2001 [21].
The possible explanation is that the subjects enrolled in this
study were elderly patients who were at a higher risk of
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developing pneumonia. Another underlying reason is that
the clinical practice of infection control such as strict hand
hygiene was not well recognized and implemented during
the study period.

In conclusion, this study demonstrated the existence of
gastropulmonary infection route for VAP, especially the
late-onset VAP. It may play an important role in the
development of VAP. The results of bacterial phenotyping
were consistent with GM-PFGE. Further research of VAP
prevention based on this pathogenesis is needed.
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