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Background: Ventilator associated pneumonia (VAP) rates in Asia are several times above those of US. The
objective of this study is to identify VAP risk factors.
Methods: We conducted a prospective cohort study, between March 27, 2004 and November 2, 2022, in 279
ICUs of 95 hospitals in 44 cities in 9 Asian countries (China, India, Malaysia, Mongolia, Nepal, Pakistan, Philip-
pines, Sri Lanka, Thailand, Vietnam).
Results: 153,717 patients, followed during 892,996 patient-days, acquired 3,369 VAPs. We analyzed 10 inde-
pendent variables.
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Using multiple logistic regression we identified following independent VAP RFs= Age, rising VAP risk 1%
per year (aOR=1.01; 95%CI=1.00-1.01, P<.0001); male gender (OR=1.17; 95%CI=1.08-1.26, P<.0001); length of
stay, rising VAP risk 7% daily (aOR=1.07; 95%CI=1.06-1.07, P<.0001); mechanical ventilation (MV) device utili-
zation (DU) ratio (OR=1.43; 95%CI=1.36-1.51; p<.0001); tracheostomy connected to a MV (OR=11.17;
95%CI=9.55-14.27; p<.0001); public (OR=1.84; 95%CI=1.49-2.26, P<.0001), and private (OR=1.57;
95%CI=1.29-1.91, P<.0001) compared with teaching hospitals; upper-middle income country (OR=1.86;
95%CI=1.63-2.14, P<.0001). Regarding ICUs, Medical-Surgical (OR=4.61; 95%CI=3.43-6.17; P<.0001), Neuro-
logic (OR=3.76; 95%CI=2.43-5.82; P<.0001), Medical (OR=2.78; 95%CI=2.04-3.79; P<.0001), and Neuro-Surgi-
cal (OR=2.33; 95%CI=1.61-3.92; P<.0001) showed the highest risk.
Conclusions: Some identified VAP RFs are unlikely to change= age, gender, ICU type, facility ownership, coun-
try income level. Based on our results, we recommend limit use of tracheostomy, reducing LOS, reducing the
MV/DU ratio, and implementing an evidence-based set of VAP prevention recommendations.
© 2022 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
INTRODUCTION

The International Nosocomial Infection Control Consortium
(INICC) was founded in 2002 as a global research network for
healthcare-associated infections (HAI).1 Its main goal is to encour-
age evidence-based infection prevention recommendations in
order to decrease the incidence of HAIs, mortality, bacterial resis-
tance, excessive length of stay (LOS), and expense associated with
them.2

In 2006,3 2008,4 2010,5 2012,6 2014,7 2016,8 2019,9 and
2021,10 INICC issued international reports containing information
on ventilator-associated pneumonia (VAPs) and clinical outcomes.
The VAP rates in low and middle income countries (LMIC) are
considerably greater than those in high-income nations, according
to INICC data.3-10 INICC also found that the crude mortality rate in
ICU patients without HAI is 17.12% (95% CI=16.93-17.32), for
those with VAP it is 42.32% (95% CI=40.61-44.09), and for those
with VAP plus central line associated bloodstream infection
(CLABSI) plus catheter associated urinary tract infections (CAUTI)
it is 63.44% (95% CI=55.99-71.60).10

Regarding the identification of risk factors (RF) for VAP, Almu-
neef et al (2004) conducted a prospective surveillance study of VAP
among all patients receiving mechanical ventilation (MV) for
48 hours or more admitted to a pediatric intensive care unit (PICU)
in Saudi Arabia. On multiple logistic regression analysis, only prior
antibiotic therapy, continuous enteral feeding, and bronchoscopy
were independent predictors of VAP.11 Petdachai (2004) carried out
a prospective observational study in a neonatal intensive care unit
(NICU) of 170 infants who required MV for longer than 48 hours.
Stepwise logistic regression analysis identified 3 RFs independently
associated with VAP: umbilical catheterization; respiratory distress
syndrome; and insertion of an orogastric tube.12 In a cardiac surgi-
cal intensive care unit (ICU), Pawar et al. performed a prospective
study at Escorts Heart Institute and Research Centre, New Delhi,
India. Potential RFs were analyzed. On multivariate analysis, inter-
mittent positive-pressure ventilation hours and steroids were inde-
pendent VAP RFs.13 Apisarnthanarak et al. conducted a prospective
cohort study. By multivariate analysis, CLABSI before VAP was an
independent VAP RF after adjustment for the duration of endotra-
cheal intubation.14

The above-mentioned studies and other studies have analyzed the
impact on VAP of several variables, but as of the time of publication,
no study has concurrently examined numerous nations to establish
VAP RFs, nor has any study looked at any of the following factors and
their relationship to VAP prospectively over an 18-year period:
income level per country according to the World Bank; facility own-
ership; type of hospitalization; and ICU type. The main goal of this
study is to identify how these variables and other variables are VAP
RFs.
METHODS

Study population and design

This prospective observational cohort study was performed on
patients who were admitted to 279 ICUs in 95 hospitals in 44 cities in
9 Asian countries (China, India, Malaysia, Mongolia, Nepal, Pakistan,
the Philippines, Sri Lanka, Thailand, and Vietnam) between March 27,
2004 and February 12, 2022, over 18 years.
Prospective cohort in ICUs and surveillance of healthcare associated
infections

Each patient’s data was gathered at the time of ICU admission.
Infection prevention professionals (IPP) visited each patient’s bedside
daily from the time of admission until discharge. This analysis pro-
spectively included all adult and pediatric patients hospitalized in an
ICU with or without HAIs, and their data was gathered utilizing the
INICC Surveillance Online System (ISOS). IPPs bring a tablet to the
bedside of each hospitalized patient in the ICU, sign in to ISOS, and
upload the patient’s data.2

The information is provided since the time of admission and
includes information about the setting, such as the nation, city, name
of the hospital, and the ICU type, as well as information about the
patient, such as age, type of hospitalization, use of invasive devices
(central line [CL], MV, urinary catheter [UC]), and presence of infec-
tion. IPPs upload information about each patient’s invasive devices
(CL, MV, UC) and positive cultures (blood, urine, and respiratory sam-
ples) to ISOS every day until the patient is released.2

If the patient has signs or symptoms of HAI, an infectious diseases
specialist approach the patient to determine the presence of an HAI
(CLABSI, VAP, or CAUTI). According to the CDC/National Healthcare
Safety Network (CDC/NHSN), IPPs look at a patient’s signs and symp-
toms, cultures, X-rays, and other described criteria to fulfill defini-
tions of HAI.15

Over the 18 years of this study, all IPPs of all participant hospitals
have been applying the current and updated CDC definition of HAIs.
That is, whenever the CDC updated their definitions, our IPPs began
using the new updated definitions. When IPPs upload the results of a
culture to the ISOS, the ISOS immediately displays a message and
directs the IPP to an online module of the ISOS where the IPP can
check all the CDC/NHSN criteria to determine the presence of a HAI
and the kind of HAI (CLABSI, VAP, CAUTI).2

Daily device utilization checks are performed by ISOS. When a
bias in patient-days or device use is detected from admission to dis-
charge, the ISOS notifies the IPPs. If the patient is hospitalized in the
ICU without any devices in place, it is likely because IPP forgot to
upload to ISOS the use of devices or forgot to upload to ISOS the
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discharge of the patient. If ISOS notices a lack of use of any kind of
device on any given day, it will send a message to the IPP to remind
him or her to upload missing devices or upload the discharge of the
patient. In other words, ISOS asks IPPs to look into why a patient in
an ICU doesn’t have any devices in place. This approach significantly
reduces biases associated with device utilization, patient days, and
discharge conditions.2

Patients with missing data were excluded from this study. The
Institutional Review Boards of the participating hospitals provided
their approval for this study. Patients’ and hospitals’ identities are
treated with confidentiality.

INICC surveillance online system

Standard CDC/NSHN methodologies state that HAI denominators
are gathered from all patients as pooled data without mentioning the
characteristics of particular patients or the quantity of device-days
associated with particular patients.15

INICC HAI surveillance is carried out through the use of an online
platform, the ISOS, which includes CDC NHSN criteria and methods.15

Additionally, ISOS includes the gathering of patient-specific informa-
tion on all patients, including those with and those without HAI, with
several variables per patient. The VAP RFs can be estimated by being
able to match data from all patients admitted to the ICU by different
variables.2 The CDC/NHSN criteria and methods are used to identify
HAIs, estimate HAI rates, and calculate the MV device utilization ratio
from the data uploaded to ISOS.15

Validation of diagnosis of healthcare associated infections

The validation of HAI is a feature of the ISOS and is useful for maxi-
mizing the sensitivity, specificity, and accuracy of surveillance data.
Each HAI reported by an IPP is validated, that is, scrutinized to be certain
that criteria are fulfilled to justify its recording as an HAI. All necessary
corrections and additions are indicated with a clear red sign on the
screen. The validation process also includes the scrutiny of data reported
for putatively uninfected patients to permit detection of unreported but
true HAI. To accomplish this, when the IPP uploads a culture to the ISOS
but does not confirm a HAI, based on the uploaded culture, the date
that the culture was taken, and the result of the culture, the ISOS auto-
matic validation system shows an online message to the IPP asking to
check CDC/NHSN criteria for that putative HAI, should the ISOS suspect
a HAI. The ISOS sends an XLS file to the IPP every month with a list of
biases about HAIs that haven’t been confirmed.2

Study definitions

Ventilator: Any device used to support, assist, or control respira-
tion through the application of positive pressure to the airway when
delivered via an artificial airway, specifically an oral/nasal endotra-
cheal or tracheostomy tube.

Definitions of VAP used during surveillance were those published
by CDC in 199116 and all their subsequent updates through 2022.17

Ventilator-associated pneumonia: A pneumonia where the
patient is on MV for >2 consecutive calendar days on the date of
event, with day of ventilator placement being Day 1, AND the ventila-
tor was in place on the date of event or the day before.17

Clinically Defined Pneumonia: Two or more serial chest imaging
test results with at least one of the following: New and persistent or
Progressive and persistent; Infiltrate; Consolidation; Cavitation;
Pneumatoceles, in infants ≤1 year old. For ANY PATIENT, at least one
of the following: Fever; Leukopenia; or leukocytosis; For adults
≥70 years old, altered mental status with no other recognized cause.
And at least two of the following: New onset of purulent sputum or
change in character of sputum, or increased respiratory secretions, or
increased suctioning requirements; New onset or worsening cough,
or dyspnea, or tachypnea; Rales or bronchial breath sounds; Worsen-
ing gas exchange; increased oxygen requirements; or increased ven-
tilator demand.17

Pneumonia with Common Bacterial or Filamentous Fungal
Pathogens and Specific Laboratory Findings: Two or more serial chest
imaging test results with at least one of the following: New and persis-
tent or progressive and persistent Infiltrate; Consolidation; Cavitation;
Pneumatoceles, in infants ≤1 year old. At least one of the following:
Fever; Leukopenia or leukocytosis; For adults ≥70 years old, altered
mental status with no other recognized cause. And at least one of the
following: New onset of purulent sputum or change in character of spu-
tum, or increased respiratory secretions, or increased suctioning
requirements; New onset or worsening cough, or dyspnea, or tachyp-
nea; Rales or bronchial breath sounds; Worsening gas exchange;
increased oxygen requirements; or increased ventilator demand. At
least one of the following: Organism identified from blood; Organism
identified from pleural fluid; Positive quantitative culture or corre-
sponding semi-quantitative culture result from minimally-contami-
nated LRT specimen; ≥5% BAL-obtained cells contain intracellular
bacteria on direct microscopic exam; Positive quantitative culture or
corresponding semi-quantitative culture result of lung tissue; Histo-
pathologic exam shows evidences of pneumonia.17

World Bank country classifications by income level: The WB
assigns the world’s economies to 4 income groups—low, lower-mid-
dle, upper-middle, and high-income countries. The classifications are
based on gross national income (GNI) per capita in the current USD.
Low income are those countries with GNI less than USD 1,045.
Lower-middle income those with GNI from 1,046 to 4,095. Upper-
middle income for those with GNI from 4,096 to 12,695. High income
for those with GNI >12,695.18

Mechanical ventilator device-utilization ratio: Mechanical
ventilator device-utilization (MV/ DU) ratio was calculated as a
ratio of MV-days to patient-days for each location type. As such,
the MV/DU ratio of a location measures the use of invasive devices
and constitutes an extrinsic RF for VAP. MV/DU ratio may also
serve as a marker for the severity of illness of patients (ie severely
ill patients are more likely to require an invasive device) which is
an intrinsic RF for VAP.19

Facility/institution ownership type

Publicly owned facilities owned or controlled by a governmental
unit or another public corporation (where control is defined as the
ability to determine the general corporate policy); not-for-profit pri-
vately owned facilities that are legal or social entities created for the
purpose of producing goods and services, whose status does not per-
mit them to be a source of income, profit or other financial gains for
the unit(s) that establish, control or finance them; and, for-profit pri-
vately owned facilities that are legal entities set up for the purpose of
producing goods and services and are capable of generating a profit
or other financial gains for their owners.20

Statistical analysis

Patients with and without VAP were compared using multiple
logistic regression. Statistically significant variables were indepen-
dently associated with an increased risk for VAP. The test statistic
used was the Wald test, and the statistical significance level was set
at 0.05. Adjusted odds ratios (aORs) and 95% confidence intervals
(CIs) for statistically significant variables were also given. These were
calculated from the results of multiple logistic regression.

Patients with CPAP, and patients with tracheostomy not con-
nected to a MV were excluded from this study, because sample size
of them was not balanced with other types of respiratory support.
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We estimated variables independently associated with the out-
come (VAP), adjusted to the following prospectively collected data:
(1) Gender (female, male), (2) age, (3) MV-days before acquisition of
VAP, (4) MV/DU ratio as a marker of severity of illness of patient, (5)
type of respiratory support (endotracheal tube connected to a
mechanical ventilator, tracheostomy connected to a mechanical ven-
tilator), (6) hospitalization type (medical, surgical), (7) LOS, (8) ICU
type (medical-surgical, medical, pediatric, surgical, coronary, neuro-
surgical, cardio-thoracic, neurologic, trauma, pediatric oncology,
adult oncology), (9) facility ownership (publicly owned facilities, not-
for-profit privately owned facilities, for-profit privately owned facili-
ties, teaching hospitals),20 and (10) income per country according to
WB (low, lower-middle, upper-middle, high).18

The evaluated outcome was the acquisition of VAP according to
CDC/NHSN definitions.15 All statistical analyses were performed
using R software, version 4.1.3.

RESULTS

A cohort, prospective, multicenter surveillance study of VAPs was
carried out in 279 ICUs of 95 hospitals in 44 cities across 9
Table 1
Setting and patient characteristics

Period

Years, n
ICUs, n
Hospitals, n
Cities, n
Countries, n
Total patients, n
Total patients-d, n
Average LOS, mean, SD
VAP, n
Survival status, n (%)
Alive
Death

Number of countries, stratified per income level according to World Bank
Lower middle income country
Upper middle income country

Number of patients admitted per facility ownership, n (%)
Publicly owned facilities
For-profit privately owned facilities
University hospitals
Not-for-profit privately owned facilities

Number of patients per Hospitalization type
Medical hospitalization, n (%)
Surgical hospitalization, n (%)

Number of patients admitted per type of ICU, n (%)
Medical-Surgical ICU
Medical ICU
Coronary ICU
Surgical ICU
Pediatric ICU
Neuro-Surgical ICU
Cardio-thoracic ICU
Trauma ICU
Neurologic ICU

Gender, n (%)
Male
Female

Age, mean, SD
Device-d and device utilization ratio
MV-utilization ratio, mean, SD
Total MV-d, n, mean, SD

Number of d using the following types of respiratory support, n (%)
CPAP
Endotracheal tube with MV
Tracheostomy with MV
Tracheostomy without MV

CPAP, continuous positive airway pressure; ICU, intensive care unit; LOS, length of stay;MV,m
participating Asian nations (China, India, Malaysia, Mongolia, Nepal,
Pakistan, Philippines, Sri Lanka, Thailand, Vietnam). This is a cohort
study, and the length of participation of hospitals is variable and
ranged from 1.37 and 201.93 months (Mean, 40.66; SD, 41.68).

From March 27, 2004, to February 11, 2022, over the course of
18 years, data on 153,717 critical patients was gathered. They were
followed from admission to discharge from the ICU during 892,996
patient-days, and they acquired 3,369 VAPs.

Table 1 shows data on setting and patient characteristics. Table 2
shows the VAP rate stratified per ICU type, income level according to
the World Bank, and facility ownership.

Using multiple logistic regression, we found that the following
variables are statistically significantly and independently linked
to VAP (Table 3): (1) Age, rising the risk 1% per year; (2) male
gender compared with female gender; (3) length of stay, rising
the risk 7% per day; (4) MV/DU ratio; (5) use of tracheostomy
over use of endotracheal tube; (6) public hospitals and private
hospitals compared with teaching hospitals; (7) upper middle
income countries. (8) The highest risk of VAP was seen in the
medical-surgical ICUs, followed by neurologic, medical and neuro-
surgical ICUs.
03-27-2004 to 02-11-2022

18
279
95
44
9

153,717
892,996

mean= 5.81, SD= 6.93
3,369

137,616 (89.53%)
16,101 (10.47%)

6 (66.67%)
3 (33.33%)

16,231 (10.56%)
76,077 (49.49%)
50,459 (32.83%)
10,950 (7.12%)

115,824 (75.35%)
37,893 (24.65%)

89,524 (58.24%)
24,847 (16.16%)
9,846 (6.41%)
9,747 (6.34%)
6,605 (4.30%)
4,912 (3.20%)
4,323 (2.81%)
2,490 (1.62%)
1,423 (0.93%)

97,137 (63.19%)
56,580 (36.81%)

Mean= 53.74, SD= 21.82

mean= 0.24, SD= 0.55
225,019, mean= 1.46, SD= 4.20

1,844 (0.82%)
213,361 (94.82%)
9,103 (4.05%)
711 (0.32%)

echanical ventilator; SD, standard deviation; VAP, Ventilator associated pneumonia.



Table 2
Ventilator associated pneumonia rates stratified per ICU type, per World Bank country classifications of income level, per Facility ownership type, and per country

Patients, n Patient d, n VAP, n MV-d, n VAP rate 95% CI

ICU type*
Pooled 153,717 892,996 3,369 258,442 13.04 13.02 - 13.05
Neurologic 1,423 8,903 44 2,758 15.95 15.80 - 16.10
Medical-surgical 89,524 497,238 2,466 156,294 15.78 15.76 - 15.8
Medical 24,847 168,713 530 39,173 13.53 13.49 - 13.56
Neuro-surgical 4,912 31,103 95 8,468 11.22 11.14 - 11.29
Cardio-thoracic 4,323 18,591 53 6,660 7.96 7.89 - 8.02
Pediatric 6,605 40,957 64 14,472 4.42 4.38 - 4.45
Surgical 6,747 62,441 50 11,498 4.35 4.31 - 4.38
Trauma 2,490 11,548 18 4,177 4.31 4.24 - 4.37
Coronary 9,846 53,502 49 14,942 3.28 3.25 - 3.30

Lower-middle income
Pooled 144,788 830,212 3,043 23,1674 13.13 13.12 - 13.15
Publicly owned facilities 13,235 83,149 559 29,494 18.95 18.90 - 19.00
For-profit privately owned facilities 75,370 435,584 1,922 120,032 16.01 15.99 - 16.04
University hospitals 45,233 250,807 418 66,680 6.27 6.24 - 6.28
Not-for-profit privately owned facilities 10,950 60,672 144 15,468 9.31 9.26 - 9.35

Upper-middle income
Pooled 8,929 62,784 326 26,768 12.18 12.13 - 12.22
Publicly owned facilities 2,996 23,586 8 4,662 1.72 1.67 - 1.75
For-profit privately owned facilities 707 3,117 2 1,180 1.69 1.62 - 1.77
University hospitals 5,226 36,081 316 20,926 15.10 15.04 - 15.15

CI, confidence interval; ICU, intensive care unit;MV, mechanical ventilator; VAP, Ventilator associated pneumonia.
*ICUs are listed in order of the highest to lowest Ventilator associated pneumonia rate.
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DISCUSSION

In our study, age, male gender, LOS, MV/DU ratio, use of tracheos-
tomy, hospitalization in public hospitals and private hospitals, upper
middle-income countries, medical-surgical, neurologic, neurosurgi-
cal, and medical ICUs were identified as independent VAP RFs.

The risk of VAP increased 1% per year according with our study.
Beardsley et al. carried out a study to pinpoint VAP risk variables in a
children’s quaternary care hospital. In their study, older age was also
one of the VAP RF.21

The current investigation found a link between VAP and male
gender. Coincidentally, Kollef et al. examined 521 ICU patients who
needed MV for more than 12 hours in a prospective cohort study
they carried out in the ICUs of Barnes-Jewish Hospital. They proved
Table 3
Multiple logistic regression analysis of risk factors for Ventilator associated pneumonia

aOR 95% CI P value

Age 1.01 1.00-1.01 <.0001
Gender, male 1.17 1.08-1.26 <.0001
LOS 1.07 1.06-1.07 <.0001
MV-d 0.96 0.95-0.96 <.0001
MV-utilization ratio 1.43 1.36-1.51 <.0001
Tracheostomy connected to a MV 11.17 9.55-14.27 <.0001
Endotracheal tube connected to a MV 6.38 5.81-7.02 <.0001
Surgical Hospitalization 1.09 0.99-1.19 .06
Publicly owned facilities 1.79 1.46-2.22 <.0001
For-profit privately owned facilities 1.57 1.29-1.91 <.0001
University hospitals 0.66 0.54-0.81 <.0001
Upper middle income country 1.86 1.63-2.14 <.0001
Medical-Surgical ICU 4.61 3.43-6.17 <.0001
Neurologic ICU 3.76 2.43-5.82 <.0001
Medical ICU 2.78 2.04-3.79 <.0001
Neuro-Surgical ICU 2.33 1.61-3.92 <.0001
Coronary ICU 0.69 0.45-1.06 .08
Pediatric ICU 1.28 0.84-1.97 .24
Surgical ICU 0.69 0.45-1.04 .07
Trauma ICU 1.15 0.65-2.02 .63

aOR, adjusted odds ratio; CI, confidence interval; ICU, intensive care unit; LOS, length of
stay;MV, mechanical ventilator; VAP, ventilator associated pneumonia.
through the use of multivariate logistic regression analysis that the
male gender was a RF independently linked to the emergence of
VAP.22

In addition, our study found a link between VAP and the MV/DU
ratio. In their NICU, Geslain et al. carried out a prospective observa-
tional study. Logistic regression were used in the data analysis.
Patients who developed VAP had invasive ventilation for significantly
longer periods of time.23

We found that LOS as associated with rise on the risk of VAP. Coin-
cidentally, a prospective study was conducted by Sofianou et al to
determine the VAP RF in patients requiring MV for more than
48 hours. VAP occurred in 67 (33.8%) patients. Logistic regression
analysis showed a relationship between VAP and LOS in ICU,24

We found a higher risk of VAP in patients using tracheostomy.
Ibrahim et al conducted a prospective cohort study to identify VAP RF
in a medical ICU and a surgical ICU in a 500-bed private community
nonteaching hospital in US. Eight hundred eighty patients received
MV. VAP developed in 132 patients receiving MV. Logistic regression
analysis demonstrated that tracheostomy was also independently
associated with the development of VAP.25

Also, there was a link between the risk of VAP in public and pri-
vate hospitals versus teaching hospitals. On the contrary, a previous
study in NICUs found that the VAP rate per 1,000 MV-days was 13.2;
95% CI 11.5-15.0 at university hospitals, 4.9; 95% CI 2.5-8.6 at public
hospitals, and 2.4; 95% CI 1.3-3.9 at private hospitals. University hos-
pitals compared with private hospitals showed a higher risk for VAP
at university hospitals (RR 5.56; 95% CI 3.30-9.38, P = .0001).26 Uni-
versity hospitals compared with public hospitals showed a higher
risk for VAP at university hospitals (RR 2.69; 95% CI 1.50-4.80,
P = .0001).26 Also a previous study conducted in PICUs found that the
VAP rate per 1,000 MV-days at university hospitals was 8.3; 95% CI
7.3-9.3, at public hospitals was 4.7; 95% CI 3.9-5.7, and at private hos-
pitals was 3.5; 95% CI 2.6-4.5.27 Public hospitals compared with pri-
vate hospitals showed a higher risk for VAP at public hospitals.
University hospitals compared with private or public hospitals
showed the highest risk for VAP at university hospitals.27

In our research, we found that the risk of VAP was higher in ICU
patients from upper middle-income countries than in ICU patients
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from lower middle-income countries. On the contrary, in a previous
study conducted in NICUs, which discovered that the VAP rate per
1,000 MV-days in lower middle income countries was 11.8; 95% CI
10.1-13.6; and 6.7; 95% CI 5.2-8.5 in upper middle income countries.
Lower middle-income countries had a higher risk of VAP when com-
pared to upper middle-income countries (RR 1.75; 95% CI 1.32-2.32,
P = .0001).26 In a previous study conducted in PICUs, VAP rate per
1,000 MV-days in lower middle income countries was 9.0; 95% CI
7.5-10.6, and in upper middle income countries was 5.4; 95% CI 4.8-
6.1. Lower middle income countries had a higher risk of VAP than
upper middle income countries.27 This finding could be explained by
the probably inadequate health care quality programs in those upper
middle-income countries participating in our study.

We also discovered that medical surgical, neurologic, neurosurgi-
cal, and medical ICUs had the highest risk. MV-utilization ratio, as a
marker of severity of illness of patients, is the highest at those types
of ICUs,28 and this could explain these ICUs are associated with the
highest risk of VAP.

Some of the VAP risk factors found in our study, such as the
nation’s economy, hospital affiliation, ICU type, age, and gender, are
not expected to change. Based on the obtained results, the RFs with
the highest chance to have an impact is limiting the use of tracheos-
tomy, limiting the LOS, reducing the MV/DU ratio, and improving
management of patients using MV with a set of recommendations
based on evidence such as those published by APIC/IDSA/SHEA to
prevent VAPs.29

It has been demonstrated that it is feasible to lower the extremely
high rate of VAP that is now present in Asia. This is accomplished by
following the above-mentioned recommendations of APIC/SHEA/
IDSA, adding monitoring compliance with them, and giving health
personnel performance feedback.30-37

Our study has some limitations. First, because this study is part of a
surveillance system in which hospitals voluntarily participate for free, it
is not representative of all hospitals in Asia. Second, the VAP rates in our
study are probably lower than the VAP rates discovered in other hospi-
tals that are not participating in our study, since the hospitals that take
part in our surveillance system are probably the ones that have a bet-
ter-quality VAP surveillance and prevention program. Third, it is possi-
ble that changes in personal or practices may have influenced risk over
time. Last but not least, the IPPs of the participating hospitals did not
collect information on underlying disorders and disease severity scores.
Instead, we used the mechanical ventilation utilization ratio as a mea-
sure of severity of illness of patients were and adjusted the analysis to
account for this independent variable.
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