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ARTICLE INFO ABSTRACT

Article type: Background: This study aims to determine the prevalence of early (less than 4 days
Original article of hospitalization) —and late-onset (more than 4 days after hospitalization) ventilator-

associated pneumonia in the intensive care units of Al-Zahra center in Isfahan.

Keywords: Methods: Through a prospective study, 100 patients with ventilator-associated
Ventilator-Associated Pneumonia pneumonia who were hospitalized in the intensive care units of Al-Zahra hospital during
Prevalence 2015 were investigated, and early and late onset pneumonia were determined. Moreover,
Acinetobacter Baumannii the etiology of bacterial strains and other clinical and demographic characteristics were

compared in two groups.

Results: The patients, 23 and 77 suffered from late —and early-onset pneumonia,
respectively. The mean score of pneumonia in the two groups (early —and late-onset
pneumonia) was 7.3+ 2.1 and 7.2+1.6, respectively, which showed no significant
difference (P: 0.8). The most common types of bacteria that caused pneumonia
were methicillin-resistant Staphylococcus aureus (MRSA) (43% of frequency) and
Acinetobacter Baumannii (34% of frequency) in early —and late-onset pneumonia,
respectively. However, the frequency distribution of the type of bacteria by the type of
pneumonia was not significantly different (P:0.1).

Conclusion: A significant percentage of pneumonia in intensive care units are of early-
onset type, which can lead to patients’ prolonged hospitalization in intensive care units
and it may be lead to increased mortality rate among them. Therefore, it is recommended
that the patients hospitalized in intensive care units should be carefully examined in
terms of the occurrence of pneumonia symptoms.
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Introduction hospital infection that accounts for about 15% of all acute
Pneumonia is the second most common cause of acute  hospital infections in the world. Pneumonia is the most
common infection in intensive care units (ICU) with
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(3), so pneumonia is observed 6-21 times more in such
patients (4). According to a study, 86% of ICU-acquired
pneumonia is related to mechanical ventilation and 250-
300’000 people in the United States are suffering from it,
and it is observed in 5-10 cases per 1000 patients admitted
to hospitals (5,6).The patients hospitalized in ICUs are at
risk of death, both because of underlying diseases and
secondary factors such as pneumonia (7).Ventilator-
associated pneumonia (VAP) is a type of hospital
pneumonia, which is, specifically speaking, a lung
infection that occurs in intubated patients or ventilated
patients with tracheostomy 48 hours after hospitalization
(8).

In 2002, the organization for hospital acquired
infections reported the rate of VAP to be 2.2%. Moreover,
the Centers for Disease Control and Prevention (CDC)
reported the rate of VAP to be 3.6 per 1000 patients (9-
10). In undeveloped countries, this rate is reported to be
7.41-10 per 1000 ventilator days (11). On the other hand,
VAP is the most important cause of morbidity, increased
mortality, hospital cost, and length of stay (12).

Various studies report the mortality rate of VAP to
be 0-50% (13-15). However, another study reports the
mortality rate of VAP to be about 24-50% (16). Moreover,
VAP increases the length of stay in ICUs by about 9
days (17). Prolonged hospitalization and treatment cause
hospital cost. According to a study, the estimated hospital
cost for each person is $11.879 (18). According to another
study, the estimated cost is about $40°000 (19).

VAP is divided into two types, namely early —and late-
onset. The early —and late-onset VAP are observed less
than 4 days and 4 days after hospitalization, respectively
(20). The early-onset VAP has better prognosis and its
strains show a better response to treatment. However, it
seems that the prevalence and mortality rate of the late-
onset VAP is higher and its drug resistance has increased
among patients (21).

Although provision of solutions in recent years has
decreased the prevalence of VAP, it is still an ongoing
issue (22-23). Therefore, this study aims to determine the
prevalence of early —and late-onset ventilator-associated
pneumonia in the intensive care units of Al-Zahra center
in Isfahan.

Methods

This study was a cross sectional study which was
conducted at Al-Zahra hospital in Isfahan during January
to December of 2015. The study population consisted of
ventilated patients hospitalized in the ICUs of this center.

The inclusion criteria were as follows: no underlying
lung disease, at least 18 years of age, hospitalized in ICU,
and possibility of sampling, lack of facial fractures, no
HIV (human immunodeficiency) infection, and obtaining
consent from the patient’s relatives to participate in the
study. Moreover, the patient was decided to be excluded
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from the study if he/she died before sampling or if his/her
relatives declared that he/she did not consent to participate
in the study.

The required sample size was estimated to be 100
individuals by using the sample size formula for
prevalence study and by considering confidence
interval = 95%, the prevalence of Gram-negative bacteria
in ventilator-associated pneumonia = 0.5, and acceptance
of 0.1 errors.

After approving the draft plan and obtaining permission
from the Research Council and Ethics Committee
of the Isfahan University of Medical Sciences, the
patients’ relatives were provided with the necessary oral
explanations about the study, and then informed consent
forms were obtained from them.

All nursing care, anesthesia services, oral health care,
and ventilator connections were done accurately and as
usual. First, patients’ demographic characteristics such
as age, gender, and cause of hospitalization in ICU were
determined and then recorded in the data collection form.

The patients who had symptoms of lung infection during
the first 48-96 hours and after 96 hours were examined,
and diagnosis of VAP was based on the CDC (the Centers
for Disease Control and Prevention) guideline (20).
According to these criteria, to diagnose VAP, at least one
of the following criteria must be observed in patients: 1)
Fever above 38°C with no other reason. 2) White blood
cell count ranging from 4000 to 12000. 3) Altered mental
status in people over 70 years of age with no other reason.
4) Progressive changes 48 hours after using the ventilator
for at least two consecutive chest x-rays. 5) Observation
of at least two criteria out of the following four criteria (1:
purulent sputum or changes in respiratory secretions. 2:
Exacerbation of cough, shortness of breath, and tachypnea.
3: crackling sound. 4: deterioration of the patient’s
respiratory status) (21). Moreover, the samples obtained
from the patients were sent to the hospital’s laboratory
and then were cultured in blood and MacConkey agar
culture media.

The samples were cultured in qualitative culture media
within the timeframe of respiratory infections culture.
After 48 hours, these media were examined in terms of
the growth of microorganisms. The plates were assessed
by a clinical microbiologist expert at culturing respiratory
samples. Also the degree of alertness was evaluated by
Glasgow coma scale.

Data were collected, entered into the computer, and
finally analyzed using SPSS software (version 22, SPSS
Inc, Chicago, IL). Quantitative data between the two
groups (early- and late-onset pneumonia) were compared
using the independent t-test. Pearson’s chi-squared test
(X?) was used to compare the frequency distribution of the
pathogens causing pneumonia between the two groups.
P value lower than 0.05 (P<0.05) was considered as the
level of significance.
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Table 1. Distribution of demographic variables of the type of pneumonia.

Type of pneumonia variable Late-onset Early-onset P Value
Average of age 34.1+11.2 33.77+13.9 0.9
Cidar Male 17 (73.9) 37 (48.1) 0.03
Number (percent) Female 6(26.1) 40 (51.9)

Reason for hospitalization in ICU Trauma 14(60.9) 39(50.6) 04
Number (percent) Non-traumatic 9(39.1) 38(49.4)

ICU: Intensive Care Unit.

Results

In this study, 100 patients diagnosed with VAP were
investigated. The patients’ mean age was 33.8 = 13.3.
The minimum and maximum age of the patients was 18
and 75, respectively. The mean age of the patients with
early and late — onset was 30.8 + 12.7 and 38.1 + 13.1,
respectively, and no statistical difference between the two
groups (P: 0.006).

According to the existing criteria, 23 (23%) and 77
(77%) patients suffered from late-onset and early-onset
pneumonia, respectively. The mean pneumonia score in
late- and early-onset pneumonia was 7.3 £+ 2.1 and 7.2
+ 1.7, respectively. According to the t-test, no significant
difference was observed between the two groups (P: 0.8).

Table 1 shows the distribution of demographic variables
of the type of pneumonia. According to the results, the
mean age of the patients in the two groups (early- and
late-onset pneumonia) was not significantly different (P:
0.9); however, sex distribution was different between the
two groups. In other words, late-onset and early-onset
pneumonia was more prevalent in males and females,
respectively. According to Pearson’s chi-squared test (X?),
sex distribution of the type of pneumonia had a significant
difference (P: 0.03). However, a type of pneumonia by
the reason for hospitalization in the ICU did not have a
significant difference (P: 0.4).

The Glasgow coma scale (GCS) score of the late- and
early-onset pneumonia groups was 7.3+ 1.7 and 5.9+ 1.8,

Table 2. Pneumonia variables in early and late onset VAP.

respectively. According to the t-test, the level of GCS was
significantly higher in patients with late-onset pneumonia
(P: 0.001).

The mean acute physiology and chronic health
evaluation (APACHE) score in late- and early-onset
patients were 16.843.14 and 15.8+£3.9, respectively.
According to the t-test, no significant difference was
observed between the two groups (P:0.3) (Table 2).
The mean duration of mechanical ventilation in the late-
and early-onset pneumonia groups was 11 = 3.8 and
16.1 + 5.3 days, respectively. According to the t-test, a
significant difference was observed between the two
groups (P <0.001). The mean length of stay in ICU in the
two groups was 16.0 £ 5.1 and 21.8 + 6.1, respectively.
According to the t-test, a significant difference was
observed between the two groups (P < 0.001) (Table 1).

According to the results, the most common types of
bacteria that caused pneumonia were Acinetobacter
baumannii (33.8% of frequency) and methicillin-resistant
Staphylococcus aureus (MRSA) (30.4% of frequency) in
early —and late-onset pneumonia, respectively. However,
according to Fisher’s exact test, the frequency distribution
of the type of bacteria by the type of pneumonia was not
significantly different (P: 0.1).

It is noteworthy that in 13 cases of late-onset pneumonia
and 19 cases of early-onset pneumonia, Gram-positive
bacteria were the cause of pneumonia (56.5% vs. 24.7%).
According to Fisher’s exact test, a significant difference

Type of pneumonia variable Late-onset Early-onset P Value
GCS 7.3£1.75 5.9£1.8 0.001
APACHE II score 16.8+3.14 15.83+3.98 0.3
Duration of mechanical ventilation (Day) 16.1£5.3 11£3.8 <0.001
Length of ICU stay (Day) 21.846.1 15+5.1 <0.001

APACHE: acute physiology and chronic health evaluation, GCS: Glasgow coma scale, ICU: Intensive Care Unit, VAP: ventilator-associated

pneumonia.
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Table 3. The frequency of the type of bacteria, Gram staining, and multidrug resistance by the type of pneumonia.

Type of pneumonia variable Late-onset Early-onset P Value
MRSA* 7(30.4) 13 (16.9)
Acinetobacter baumannii 6 (26.1) 27 (35.1)
Klebsiella pneumoniae 2 (8.7) 79.1)
Type of bacteria Pseudomonas aeruginosa 2 (8.7) 14 (18.2) 0.2
Streptococcus pneumoniae 6(26.1) 7(9.1)
Haemophilus influenzae 0 (0) 4(5.2)
E. coli 0 (0) 5(6.5)
Positive 13 (56.6) 19 (24.7)
Gram staining 0.004
Negative 10 (43.5) 58 (75.3)
No 17 (73.9) 61(79.2)
Multidrug resistance 0.6
Yes 6(26.1) 16 (20.8)
No 18 (78.3) 74 (96.1)
Mortality 0.02
Yes 5(21.7) 3(3.9)

* Methicillin-resistant Staphylococcus aureus.

was observed between the two groups (P < 0.004). On
the other hand, in 6 cases of late-onset and 16 cases of
early-onset pneumonia, the bacteria causing pneumonia
were multidrug-resistant (26.1% vs. 20.8%). However,
according to Pearson’s chi-squared test (X?), multidrug
resistance by the type of pneumonia was not significantly
different (P: 0.6). The results are shown in Table 3.

As the results show, of 100 patients with pneumonia, 8
patients died, among whom 5 and 3 cases suffered from
late- and early-onset pneumonia, respectively (21.7% vs.
3.9%). According to Fisher’s exact test, the frequency
distribution of mortality by the type of pneumonia was
significantly different (P: 0.02).

Table 4 shows the frequency distribution of the
antibiotic resistance of the strains grown in culture media.
Performing Fisher’s exact test of these data showed that the
resistance of the strains against the studied antibiotics was
significantly different except for clindamycin. Moreover,
the results of this study showed that among the common
Gram-positive bacteria, MRSA infections were sensitive
to most antibiotics so that the aforementioned strains
were completely sensitive to ciprofloxacin, vancomycin,
gentamicin, rifampin, and cefoxitin.

Discussion

The overall goal of this study was to compare the
prevalence of bacterial strains in two groups of patients
with early- and late-onset ventilator-associated pneumonia
and two groups of emergency and non-emergency patients
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at Al-Zahra hospital in Isfahan. Of the patients, 23
(23%) and 77 (77%) suffered from late —and early-onset
pneumonia, respectively. Investigating the clinical and
demographic characteristics of the patients by the type of
pneumonia showed that patients’ age had no significant
effect on the type of pneumonia, and the prevalence of
the type of pneumonia by sex was significantly different
so that late-onset pneumonia was more common in males
than in females.

In a study, Aly et al., showed that VAP is the most
common hospital-acquired infection in ICUs. Gram-
negative bacteria are the most common reported etiologic
organisms for infection in ICUs (24). Investigating the
epidemiology, etiology, and diagnosis of hospital-acquired
pneumonia (HAP) and ventilator-associated pneumonia
(VAP) in Asian countries, Chawla et al., concluded that,
like in the rest of the world, these two diseases are among
the major health problems in these countries. They also
concluded that the mortality rate of these two diseases
might be so high, and the outcome of patients depends on
various factors, especially patients’ age and the interval
between hospitalization in ICU and pneumonia (25).

Another study reported the incidence of health-acquired
pneumonia to be over 50%, which was often observed
in elderly patients and those with underlying diseases
(25). Examining the clinical characteristics showed that
the patients with late-onset pneumonia enjoyed a higher
level of consciousness. However, duration of mechanical
ventilation and length of stay in ICU was greater in the
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Table 4. The Frequency of the antibiotic resistance of the strains grown in culture media.

Antibiotic

Streptococcus

Haemophilus

Antibiotic resistance MRSA  Acinetobacter Klebsiella Pseudomonas T influenzae E. coli
Sensitive 15(75) 0(0) 4944 .4) 7(43.8) 11(84.6) 4(100) 0(0)
Clindamycin Intermediate ~ 5(25) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0.23
Resistance 0(0) 0(0) 1(11.1) 7(43.8) 2(15.4) 0(0) 0(0)
Sensitive 2(100) 0(0) 0(0) 80(50) 13(100) 4(100) 0(0)
Ciprofloxacin Intermediate 0(0) 0(0) 2(22.2) 1(6.3) 0(0) 0(0) 0(0) <0.001
Resistance 0(0) 0(0) 3(33.3) 5(31.3) 0(0) 0(0) 0(0)
sensitive 2(100) 0(0) 4(44.4) 11(68.8) 11(84.6) 3(75) 0(0)
Vancomycin Intermediate 0(0) 0(0) 1(1.1) 3(18.8) 2(15.4) 1(25) 0(0) <0.001
Resistance 0(0) 33(100) 2(12.5) 0(0) 0(0) 0(0) 5(100)
Sensitive 2(100) 0(0) 4(44.4) 11(68.8) 13(100) 4(100) 0(0)
Gentamycin Intermediate 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)  <0.001
Resistance (0)0 0(0) 1(11.1) 3(18.8) 0(0) 0(0) 0(0)
Sensitive 19(95) 0(0) 0(0) 4(25) 11(84.6) 3(75) 0(0)
Co-trimoxazole Intermediate 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) <0.001
Resistance 1(5) 0(0) 5(55.6) 10(62.5) 2(15.4) 1(25) 0(0)
Sensitive 2(100) 0(0) 4(44.4) 11(68.8) 13(100) 4(100) 0(0)
Rifampin Intermediate 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)  <0.001
Resistance 0(0) 0(0) 1(11.1) 3(18.8) 0(0) 0(0) 0(0)
Sensitive 0(0) 0(0) 1(11.1) 7(43.8) 9(69.2) 3(75) 0(0)
Cefoxitin Intermediate 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)  <0.001
Resistance 2(100) 0(0) 4(44.4) 7(43.8) 4(30.8) 1(25) 0(0)
Sensitive 1(5) 0(0) 0(0) 8(50) 11(84.6) 3(75) 0(0)
Tetracycline Intermediate 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) <0.001
Resistance 19(95) 0(0) 5(55.6) 6(37.5) 2(15.4) 1925) 0(0)
Sensitive 5(25) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Cefazolin Intermediate 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)  <0.001
Resistance 15(75) 0(0) 1(11.1) 3(18.8) 0(0) 0(0) 0(0)
Sensitive 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Ceftazidime Intermediate 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)  <0.001
Resistance 2(100) 0(0) 1(1.1) 3(18.8) 0(0) 0(0) 0(0)

MRSA: Methicillin-resistant Staphylococcus aureus.

patients with late-onset pneumonia than in those with
early-onset pneumonia.

According to the results of this study, multidrug
resistance by the type of pneumonia was not significantly
different. However, performing antibiogram test on the
strains grown in culture media showed that drug resistance
was more dependent on the type of bacteria than the type
of pneumonia. On the other hand, as the results of this
study show, the mortality rate was significantly higher in
the patients with late-onset pneumonia.

In their study Ibrahim et al., concluded that both early-
and late-onset VAP increase mortality rate and length
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of hospitalization. Moreover, both groups had similar
pathogens, and Pseudomonas aeruginosa and drug-
resistant staphylococcus aureus were among the important
pathogens of early-onset pneumonia (26). Hedrick et
al., studied a number of trauma patients and patients
undergoing surgery who had been hospitalized from 1999
to 2005 and had suffered from pneumonia. They found no
difference between the early- and late-onset pneumonia
in terms of mortality rate and length of hospitalization.
In this study, for non-trauma patients, the mortality rate
of late- and early-onset pneumonia was 44% and 23%,
respectively. However, for trauma patients, the mortality
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rate of late- and early-onset pneumonia was 11% and
41%, respectively, and the length of stay was shorter in
trauma patients than in those undergoing surgery (5).

Giard et al., investigated the risk factors affecting the
incidence of VAP in 11 ICUs. In their study, the incidence
rate of VAP was 13.1% and both types of pneumonia
(early- and late-onset) had different risk factors. The
risk factors for early- and late-onset pneumonia were
diagnostic category and old age and infection before the
incidence of VAP, respectively (27).

Examining the characteristics of the bacteria causing
pneumonia showed that the most common cause of early-
and late-onset pneumonia was Acinetobacter and MRSA,
respectively. However, the difference between the two
groups was not significant. Moreover, the results showed
that Gram-positive and Gram-negative bacteria were the
causes of pneumonia in late- and early-onset pneumonia,
respectively.

In conclusion, according to the obtained results,
it can be concluded that a significant percentage of
pneumonia in ICUs is of late-onset type, and this type of
pneumonia depends on the factors such as patient’s sex,
state of consciousness, Gram-negative factors causing
pneumonia, and duration of mechanical ventilation. These
factors can lead to patients’ prolonged hospitalization in
intensive care units and increased mortality rate among
them. Moreover, although antibiotic resistance pattern
was not dependent on the type of pneumonia, antibiotic-
resistant strains were more observed among the patients
with late-onset pneumonia. Therefore, further studies
should be carried out. It is also recommended that all
patients hospitalized in ICUs, including trauma and other
patients, should be carefully and daily examined in terms
of the occurrence of pneumonia symptoms so that they
could be treated upon seeing the symptoms.
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