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ABSTRACT

Introduction: Ventilator-associated pneumonia (VAP) is the most frequent intensive care unit (ICU) acquired infection among patients
receiving mechanical ventilation. Accurate clinical and microbiologic diagnosis of VAP is essential not only for selection of appropriate
antimicrobials but also to prevent their misuse. As the organisms and their sensitivity pattern may differ in every ICU, the knowledge
of the resident flora and their behaviour should be known for successful treatment. Methods: The study was conducted to evaluate
the organisms responsible for VAP and their Antibiotic Sensitivity Pattern for the study setting. A prospective, open, epidemiological
clinical study was performed in a tertiary care hospital in Nepal. 100 patients admitted to ICU and Mechanically Ventilated were
evaluated about VAP. Clinical Pulmonary Infection Score (CPIS) was used to diagnose VAP. Results: Among 60 patients ventilated
for more than 48 hours, 25 (41.6%) developed VAP. The VAP was caused predominantly by Klebsiella pneumonia in 34.5% of cases,
followed by Acinetobacter calcoaceticus baumanni in 27.6%, Acinetobacter wolffi and Pseudomonas aeruginosa in 13.8% each and
Escheresia coli in 10.3%. The most sensitive antibiotics were Colistin, followed by Polymyxin B and Amikacin with sensitivity rates
of 67%, 60% and 58%, respectively. Conclusion: Based on these results, an empiric approach to antibiotic treatment can be made
tailored to the specific settings. Given the magnitude of drug resistance and its implicated financial and societal burden, there is
an urgent need for broad implementation of Antibiotic Stewardship programs across all health care settings.
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Introduction

Ventilator-associated pneumonia (VAP) is defined as infection
of the pulmonary parenchyma in patients exposed to invasive
mechanical ventilation for at least 48 h.['" However, the diagnosis
of VAP is often a problem.
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Accurate clinical and microbiologic diagnosis of VAP is
essential for selection of appropriate antimicrobials and prevent
emetgence of multidrug resistant pathogens in the ICU.P As the
organisms and their sensitivity pattern may differ in every ICU,
the knowledge of the resident flora and their behaviour should
be known for successful treatment. In this context, we conducted
this study to find out the microorganism associated with VAP
in our ICU and chart out the antibiotic sensitivity pattern for
the same period.
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Subjects and Methods

The study enrolled 100 consecutive patients who were admitted
to the ICU of a tertiary care referral university hospital over
a one-year period. The study was prospective observational
and approved by the local institutional review board. After
obtaining written informed consent from either the patient
or the first degree relative. 100 consecutive patients admitted
and mechanically intubated were enrolled. Out of 100, 40
were excluded as they had a diagnosis of Pneumonia at initial
presentation, were suspected to have ARDS on admission, died
within 48 hours or were transferred from ICU of other centers.
Approval from Ethics committee was obtained in January 2012.

From each patient the demographic data and primary diagnosis,
co-morbidities, date of admission in hospital and ICU were
noted. The study patients were monitored at every third day
for the development of VAP using clinical and microbiological
criteria until either discharge or death. The relevant data were
recorded from medical records, bedside flow sheets, radiographic
reports, and reports of microbiological studies of the patients.

Modified CPISP critetia [Table 1] were used for the diagnosis
of VAP. CPIS at baseline was assessed based on the first five
variables, i.e., temperature, blood leukocyte count, tracheal
secretions, oxygenation, and character of pulmonary infiltrate.
CPIS at 72 h was calculated based on all seven variables and took
into consideration the progression of the infiltrate and culture
results of the tracheal aspirate. A score > 6 at baseline or at 72
h was considered suggestive of ventilator associated pneumonia.

The organisms cultured and their antibiotic sensitivity pattern
were noted in cases diagnosed as VAP. The endotracheal
aspirate (ETA) specimens were collected via a sputum suction
trap. Tracheal aspirates were categorized as absent, non-purulent
or purulent as described by experienced senior sisters involved
in daily care of the patients. The ETA samples were transferred
to the lab within 1 hour and were used directly for staining and
microbiologic culture by semi-quantitative method. The culture
media used were Blood, Chocolate, and McConkey agar. After
24 hours the organism grown was again plated on Mueller
Hilton agar for antibiotic susceptibility testing by Disc Diffusion
method. After 48 hours both the results of culture and antibiotic
susceptibility testing were read. Further typing of the organism
were done with the help of biochemical testing. The growth
was read as light, moderate and heavy as per the discretion of
the microbiologist.

Descriptive statistical analysis was done from the demographic
data of patients.

Results

Of the 60 patients in the study cohort, using CPIS criteria >6
for the diagnosis of VAP, 25 (41.6%) developed VAP. The overall
incidence among the ventilated patients during the given duration
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was “26 VAPs per 1000 ventilator days” (25 of 976). All patients
in the study were on presumptive antibiotic treatment [Figure 1].

Time to the onset of VAP

The onset of VAP was more likely to occur during the first two
weeks of Mechanical Ventilation as 80% (20 out of 25) occurred
during this period. Early-onset VAP developed in 44% (11 out
of 25) of the cases, while the rest were Late-onset VAP,

Microbiological study

Of the 25 cases with VAP, 23 were Culture positive for organisms,
however in two cases organisms were not isolated and VAP was
diagnosed only based on CPIS score of more than six constituted
by the other variables. Of the 23 culture positive cases, in 17 cases
single organisms were isolated and in six cases two organisms each
were isolated, thus in total from 23 cases 29 organisms were isolated.

The prevalence of isolated organisms is shown in [Table 2.
The most frequent organisms in our study were Klebsiella
pneumonia (34.5%), Acinetobacter calcoaceticus
baumanni (27.6%), Acinetobacter wolfii and Pseudomonas
acruginosa (13.8% each) and Escheresia coli (10.35).

Antibiotic sensitivity pattern

Colistin, Polymyxin B and Amikacin were the most sensitive antibiotics
being sensitive in 67%, 60%, and 58% of the cases, respectively. The
sensitivity of Imipenem and Meropenem were less than 50% of the
time that they were tested. Cefepime and Ciprofloxacin were sensitive
less than 10% of the time whereas Piperacillin Tazobactam was not
sensitive in any of the cases [Table 3.

Susceptibility patterns of individual organisms

Klebsiella pneumonia

Among Klebsiella pneumonia (n = 10) isolates, 73% were
susceptible to Amikacin. The susceptibility to Polymyxin B was
67% and Colistin 50%. All other antibiotics had rates less than
50% for these isolates [Table 4].

Acinetobacter calcoaceticus baumanni

Acinetobacter calcoaceticus baumanni (n = 8) isolates presented
susceptibility rates of 100% for Colistin, 67% for Polymyxin
B and 60% for Cefoperazone + Sulbactam. The susceptibility
rates for Amikacin, Imipenem, Meropenem were all less than

50% [Table 4].

Pseudomonas aeruginosa

Among Psecudomonas aeruginosa (n = 4), the susceptibility
to Colistin was 100% followed by Amikacin at 75% and
Cefoperazone-Sulbactam at 67%. However, it was sensitive to
Imipenem only 25% of the time [Table 4].

Escheresia coli: Among E. co/i isolates (n = 3), all were
susceptible to Amikacin. However, the isolates were resistant in
all cases to Meropenem, Polymyxin B, Colistin, Cefoperazone

+ Sulbactam [Table 4].
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Table 1: Modified CPIS Criteria

CPIS points 0 1

2

>=36.5 or <=38.4 >=97.7 or <=101.2
>=4000 or<=11,000

>240 or ARDS

Absent

No infiltrate

Temperature (T)
WBC count (W)
Pao2/fio2 (O)
Tracheal secretions (S)
Chest x-ray (X)
Progression of
infiltrate (P1.)

Culture of tracheal
aspirate (C)

No radiographic progression

Pathogenic bacteria* cultured in rare or
light quantity or no growth

>=38.5 or <= 38.9 >=101.3 or <=102.1
<4000 or >11,000

Non purulent
Diffuse (or patchy) infiltrate

Pathogenic bacteria cultured in moderate
or heavy quantity

>=39 or <=36 >=102.2 or <=96.8
+band forms >=50%

<=240 and no ARDS

purulent

Localized infiltrate

Radiographic progression (after
CHF and ARDS excluded)

Same pathogenic bacteria seen on
Gram stain, add 1 point

Table 2: Prevalence of Isolated Organisms

Organisms Growth Total
Monomicrobial Polymicrobial

Klebsiella pneumonia 7 3 10

Acinetobacter wolfii 2 2 4

Acinetobacter calcoaceticus 6 2 8

baumanni complex

Pseudomonas acruginosa 0 4

Escheresia coli 2 1 3

Total 17 12 29

Table 3: Overall Antibiotic Sensitivity Pattern

Antibiotic Sensitive (n/%)  Resistant (n/%) Not tested
Amikacin 15 (58) 11 (42) 3
Imipenem 9 (35) 17 (65) 3
Meropenem 6 (20) 17 (74) 6
Polymyxin B 9 (60) 6 (40) 14
Coilistin 8 (67) 4 (33) 17
Cefo + Sulb 6 (32) 13 (68) 10
Cefepime 1(5) 19 (95)

Ciprofloxacin 14 23 (96) 5
Pip + Taz 0 (0) 25 (100)
Acinetobacter wolfii

Acinetobacter wolfii (n = 4) presented susceptibility rates
of 100% for Polymyxin B, and 50% for both Imipenem and
Meropenem [Table 4].

Discussion

VAP is a major threat to the recovery of patients receiving
mechanical ventilation and is one of the most important intensive
care unit (ICU)-acquired infections in mechanically ventilated
patients. The incidence of VAP ranges from 6 to 52 cases per
100 patients depending on the population studied and patients
with underlying lung disease are at high risk of VAP with a risk
ratio of 2.78.” The mortality rate in patients developing VAP
ranges from 33 to 70%.P!

Endotracheal aspirate (ETA) samples

The analysis of ETA is the most commonly used method of airway
sampling in ICUs all over the wotld. Gram stain, nonquantitative
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| Allintubated patients admitted to the ICU (n=100) |

Excluded (n=40)
Community Acquired Pneumonia (n=9)
Hospital Acquired Pneumonia (n= 10)
ARDS (n=3)

— More than 2 intubated days in outside

study setting (n=6)

Died within 48 h of starting MV (n= 12)

[ Patients Included (n=60) |

Early Onset VAP (n=11)
Late Onset VAP (n=14)

Monomicrobial VAP (n=17)
Polymicribial VAP (n=6)

Figure 1: Trial Profile of the patients

and semi-quantitative culture of tracheal secretions has the
advantage of reproducibility and of requiring little technical
expertise and no specialized equipment or technique. The
role of serial cultures of endotracheal aspirates is a distinct
advantage of this technique over more expensive methods,
such as non-bronchoscopic Bronchoalveolar lavage (BAL)
ot bronchoscopy-detived samples. In a study by Wu ez a/,"!
quantitative culture of endotracheal aspirate had a sensitivity
of 93% and specificity of 80%, using bronchoscopically
obtained samples as the standard in patients already receiving
antibiotics, a clinical scenario very similar to ours where all
the patients are already on antibiotics. However, other studies
note that with blind tracheal aspirates, one normally samples
the upper respiratory tract and the organisms isolated may just
be colonizer.?! Khilnani e a/ also showed a lower yield of
ETA cultures at 52% compared to 68% for non-bronchoscopic
protected bronchoalveolar lavage and 80% for bronchoscopic
brushing, Till date, the optimal strategy for the diagnosis of VAP
remains to be defined. microbiological sampling techniques with
quantitative cultures versus non-invasive sampling methods with
either quantitative or semiquantitative cultures did not find any
differences in patients’ outcomes.” Working in a resoutce limited
setting, we chose endotracheal aspirates for obtaining respiratory
tract specimens.

Culture Results

In 23 out of 25 cases, organisms were isolated. In the other
two cases, VAP was diagnosed based on CPIS score of more
than 6. Since CPIS considers 7 variables, a diagnosis of VAP is
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Table 4: Antibiotic Sensitivity Pattern of Isolated Organisms

Organisms Klebsiella pneumonia Acinetobacter Pseudomonas aeruginosa  Acinetobacter wolfii E. coli (n=3)
Antibiotics (n=10) calcoaceticus (n=4) (n=4)
baumanni (n=38)
S R Nd S R Nd S R Nd S R Nd S R Nd

Amikacin 8 (80%) 2 (20%) - 120%) 4@0%) 3  375%) 1@25%) - 1@25%) 3(75%) - 3 (100%) - -
Imipenem 4(56%) 5(44%) 1 1(17%) 5@83%) 2 125%) 3(75%) - 2(050%) 2(50%) - 133%) 267%) -
Meropenem 4 (56%) 5 (44%) 1 - 4 (100%) 4 - 3(100%) 1 2(50%) 2 (50%) - - 3 (100%)  --
Polymyxin B 4 (67%) 2 (33%) 4 4(67%) 2(33%) 2 - - 4 1 (100%) - 3 - 2 (100%) 1
Colistin 2 (50%) 2(50%) 6 5 (100%) - 3 1(100%) - 3 - - 4 - 2 (100%) 1
Cefoperazone 1 (17%) 5(83%) 4 3(60%) 2@#0%) 3  2(67%) 1@33%) 1 - 3 (100%) 1 - 2 (100%) 1

+ Sulbactam

S=Sensitive; R=Resistant; Nd=Not done

possible even without isolation of organisms. The sensitivity
of Endotracheal aspirates in our study was 92%. In studies on
endotracheal specimens, sensitivity ranged from 38 to 100%,
and specificity ranged from 14 to 100%."! The vatied sensitivity
perhaps reflects the lack of standardization of the procedure and
varying parameters of comparison. Using CPIS for comparison,
Khilnani e 4/ had a sensitivity of 52% for Endotracheal
specimens. Our study looked at the culture of aerobic bacterial
organisms only since anaerobic and fungal cultures were not
being routinely done in the study setting.

Organisms isolated

Seventeen episodes of VAP were Monomicrobial whereas six
episodes of VAP were polymicrobial. Two organisms each were
isolated in all these six cases. Pseudomonas was isolated only
from polymicrobial cases of VAP. In the study by Combes ez a/.1""
52% had monomicrobial infections and 48% had Polymicrobial
infection. In most studies the rate of Polymicrobial VAP ranges
from 40 to 62%.I"""* In compatison, out rate of Polymicrobial
VAP is 26% among Culture Positive cases. It has been seen that
antibiotic therapy prior to VAP onset seems to be associated with
dramatically fewer polymicrobial infections,!"” this might be one
of the reasons for our results given that prior antibiotics had been
administered to all the patients. Microorganisms responsible for
VAP may differ according to the population of patients in the
ICU, the durations of hospital and ICU stays, and the specific
diagnostic method (s) used. In our study, the most isolated
organism was Klebsiella pneumonia (34.5%), followed by the
Acinetobacter calcoaceticus baumanni. Pseudomonas aeruginosa
was isolated from 13.8% of the cases. Interestingly isolates of
Staphylococcus anrens were not isolated from VAP patients, though
there were instances of the growth of Szaphylococcus anreus in the
exclusion group. The data from 24 investigations conducted
with ventilated patients, for whom bacteriologic studies were
restricted to uncontaminated specimens, confirmed those results:
Gram Negative Bacteria (GNB) represented 58% of recovered
organisms.! The predominant gram negative bacteria were
P. aeruginosa and Acinetobacter spp., followed by Proteus spp.,
Escherichia coli, Klebsiella spp., and H. influenza. A relatively
high rate of gram-positive pneumonias was also reported in
those studies, with . aureus involved in 20% of the cases.P!
Absence of Methicillin Resistant Szaphylococcus Aureus (MRSA) as
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a cause of VAP is quite puzzling given the abundance of MRSA
in other studies. Interestingly, another study in India reports
similar findings.”! Whether the absence is due to a relatively
small size of the sample or a trend actually exists will be an
important consideration in further studies in our set up. In five
cases suspected to have Active tuberculosis, appropriate stains
and cultures were deployed however the results were negative.

Organisms in early vs late VAP

It is generally recognized that early-onset VAP (within the first
4 days of hospitalization) in previously healthy patients not
receiving antibiotics usually involves normal oropharyngeal
flora, whereas late-onset VAP (occurring after at least 5 days
of hospitalization) and VAP in patients with risk factors for
multidrug resistant (MDR) pathogens are more likely to be due
to MDR pathogens.!"! However, MDR pathogens may be isolated
in early-onset VAP, mainly in the presence of certain risk factors
such as antimicrobial exposute within the preceding 90 days.['"!
High rates of H. influenzae, S. pneumoniae, Methicillin Sensitive
Staphylococcus Aurens (MSSA), or susceptible Enterobacteriaceae
have been constantly found in ecarly-onset VAP, whereas
P. aeruginosa, Acinetobacter spp., MRSA, and multi-resistant
GNB are significantly more frequentin late-onset VAP This
different distribution pattern of etiologic agents between early
and late-onset VAP is also linked to the frequent administration
of prior antimicrobial therapy in many patients with late-onset
VAP However, in our study organisms did not differ in cither
early or late onset VAP. In both the groups, organisms isolated
consisted of K. pneumoniae, Acinetobacter spp., Pseudomonas
acruginosa and E. coli. This might be due to the rampant use of
antibiotics in many patients developing early-onset VAP before
their transfer to the ICU. Similar findings have been reported
by Ibrahim e al?!!

Antibiotic sensitivity pattern

Antibiotic resistance is a major problem in ICU. Specially in
developing countries, most patients received broad spectrum
antibiotics even in outpatient settings. In our study, the antibiotic
prescription was on the discretion of the treating physician in
the absence of tailored guidelines for our ICU set up. Systematic
screening for Extended Spectrum Beta Lactamases (ESBL) was
not done in our study.
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Opverall, Colistin, Polymyxin B and Amikacin were the most
sensitive antibiotics. A high level of resistance was documented
to third generation Cephalosporins, fluoroquinolones and even
to Carbapenems. Interestingly, Piperacillin-Tazobactam, a widely
used empiric agent in our ICU till the time, was found to be
resistant in all the samples tested.

Acinetobacter calcoaceticus baumanni showed high level
of resistance to Amikacin (80%), Imipenem (83%) and
Meropenem (100%). It also showed 100% resistance to
Cefepime, Ciprofloxacin and Piperacillin-Tazobactam. The
most sensitive antibiotic was Polymyxin B, Colistin and
Cefoperazone-Sulbactam. This reflects that the antibiotic
armamentarium for treatment of Aenetobacteris limited because
of native resistance to many classes of antibiotics.

Klebsiella pneumoniae was most sensitive to Amikacin (Resistance
rate 27%), followed by Polymyxin B (resistance rate 33%).
Imipenem and Meropenem showed resistance rate of 56%.
The isolates were uniformly resistant to Ciprofloxacin and
Piperacillin-Tazobactam whereas Cefepime showed resistance
rate of 90%.

Pseudomonas aeruginosa was uniformly resistant in all cases to
Meropenem, Cefepime and Piperacillin-Tazobactam. The level of
resistance to Ciprofloxacin and Imipenem were 75%. It was most
sensitive to Colistin, Amikacin and Cefoperazone-Sulbactam.
This pattern reflects the intrinsic ability of P. aeruginosa to
develop resistance to all known classes of antibiotics.!”

Escheresia coli showed 100% resistance to Meropenem, Polymyxin
B, Colistin, Cefoperazone-Sulbactam, Piperacillin-Tazobactam,
Ciprofloxacin and Cefepime. However, it was 100% sensitive to
Amikacin. This might reflect small size (# = 3) of the isolate.
Though a very high level of resistance was seen to both the third
generation and Fourth generation Cephalosporins.

Acinetbacter wolfii similarly showed 100% resistance to
Cefepime, Ciprofloxacin and Piperacillin-Tazobactam. It was
most sensitive to Polymyxin B (100%) and then to Meropenem
and Imipenem (at 50% each).

As shown, most organisms show a very high degree of resistance
to the usually used Cephalosporins and even the Carbapenems.
Polymyxin B and Colistin, two antibiotics uniformly sensitive
in most of the cases has just recently been made available in
our country. Amikacin was sensitive against most Multi-Drug
Resistant pathogens except for Acinetobacter species. The
results of the study guided the development of empiric antibiotic
protocol for the study setup.

The study is limited by its small study population. Since the best
method of diagnosis of VAP is a subject of much debate, the use
of CPIS criteria in our study in not exempt from such debates. In
the absence of guidelines regarding the use of empiric antibiotics
tailored to our setup, the initial antibiotic coverage might have
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been inadequate which is reflected in the high rates of VAP and
the isolation of only Multi-Drug Resistant pathogens.

In summary, based on studies of prevailing pattern of
microorganisms causing VAP and their antibiotic sensitivity
pattern, an empiric approach to antibiotic treatment can me
made tailored to the specific settings. Similar studies and protocol
must be made in all ICUs and repeated from time to time to
reflect the dynamic changing patterns of the microorganisms.
As the empiric antibiotic results in VAP by multi-drug resistant
organisms even in eatly VAP, it is imperative that the primary
care physician, as the first contact of the patient with pneumonia,
understand and implement the principles of antimicrobial
stewardship.
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