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Abstract

Background

Choosing a unique empiric treatment for ventilator associated pneumonia (VAP) can be challenging.
We aimed to determine the antimicrobial susceptibility pattern of Intensive Care Unit (ICU) of the
only referral pediatric hospital in Isfahan in order to design the optimal empiric treatment protocol.

Materials and Methods: In this cross-sectional study 343 isolates were detected from 243 pediatric
patients, from August 2017 to December 2018 in Imam Hossein Hospital, Isfahan, Iran. In suspicious
cases of VAP, sampling was performed via non-Bronchoscopic Bronchoalveolar Lavage (NB-BAL).
Microbial susceptibility and resistance were assessed. The treatment protocol of VAP was prepared
based on existing guidelines.

Results: Out of 343 isolates 42 (12.2%) of the positive cultures were Candida albicans and 301
(87.8%) were bacterial isolates. Gram-negative bacteria were the most common organisms with the
cumulative percentage of 62.9% of bacterial isolates. When tested with oxacillin, 61.5% of
Staphylococcus aureus were MSSA and 38.5% were MRSA. The mentioned common gram-negative
organisms had more than 25% resistance to at least one antibiotic from three or more antibiotic
classes. However, P. aeruginosa showed below 20% resistance to majority of antibiotics. Twenty-
seven (11.1%) of patients had VAP, 25 (92.6%) of whom were gram-negative infections.

Conclusion: The limited time period and sample size without any follow-up, made it impossible to
define an effective treatment protocol. We defined our antibiogram in accordance with the existing
standard guidelines and we designed a local protocol. An effective antibiotic against MRSA should be
used in the empiric treatment of VAP. Also, in presence or absence of multidrug-resistant (MDR)
pathogen risk-factors, it is necessary to use two effective antipseudomonal antibiotics from different
antibiotic classes.
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Treatment of VAP based on Microbial Susceptibility in PICU

1- INTRODUCTION

Hospital-acquired pneumonia (HAP) is
a lung parenchyma infection caused by
nosocomial pathogens (1), which develops
in patients hospitalized for more than 48
hours (1, 2). Ventilator-associated
pneumonia (VAP) is a type of HAP that
occurs in intensive care unit (ICU) patients
under mechanical ventilation for more than
48 hours (1-4). Pneumonia associated with
mechanical ventilation is the second most
prevalent nosocomial infection (5). A
systematic review of VAP from 1947-2010
that was performed among pediatric
patients identified Pseudomonas
aeroginosa followed by Staphylococcus
aureus as the predominant microorganisms
causing pediatric VAP (6).

The 2016 HAP/VAP guidelines
recommend that in order to minimize
patients’  exposure to  unnecessary
antibiotics and to reduce microbial
resistance, the antibiogram data should be
prepared to reduce the unnecessary usage
of two antipseudomonal and anti-
methicillin-resistant Staphylococcus
aureus (MRSA) antibiotics in empiric
therapy (7). Hence, each hospital must
deliver the best antibiotic choice for each
organism to its clinicians by determining
the prevalence of bacteria causing hospital
infections and their local antibiogram (7).

For the purpose of antibiogram
preparation, utilizing antimicrobial
susceptibility profiles from homogenous
patients, e.g. ICU patients, may improve
the specificity, sensitivity (8, 9), and the
accuracy of antimicrobial stewardship
program (ASP) assessment and outcome
relationship (10-12). HAP/VAP guidelines
recommend that all hospitals determine
their  local antibiograms  regularly,
especially those specific to their ICU
patients (6). They also recommend that
empiric treatment of VAP should be
designed in accordance with the local
distribution of organisms and their
susceptibilities (7, 13-16).
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It is documented that the samples obtained
through non-bronchoscopic
bronchoalveolar lavage (NBBAL) by a
pediatric ICU fellow in the suspected cases
of VAP are similar to those taken by
Bronchoscopic Bronchoalveolar Lavage
(BAL) with high sensitivity and specificity
rates (17-22). Organism growth in such
samples is highly indicative of lower
airway infection. Currently, in most
academic ICUs of Iran including our
center, an educational hospital affiliated
with Isfahan University of Medical
Sciences, Iran, and the only referral
pediatric hospital of the province, the
prevalence rates of local pathogens and
microbial resistance are unclear. In most
cases, the highest antibiotic coverage is
chosen for patients, which not only
imposes high expenses on patients and the
health care system, but also uncontrollably
increases microbial resistance. Considering
the importance of antibiogram
determination in each hospital and its
associated ICU, in order to design an
empiric antibiotic therapy, and due to the
lack of specific therapeutic protocols in
our center, we sought to design this study
in order to determine the PICU
antibiogram in Imam Hossein Hospital,
Isfahan, Iran, and to explain the protocol
for the treatment of VAP in this center.

2- MATERIALS AND METHODS
2-1. Study design and population

This  cross-sectional  study  was
conducted from August 2017 to December
2018 in Imam Hossein Hospital of Isfahan
city, lIran, which is the only pediatric
referral hospital of the province. Data
gathered from 243 pediatric patients who
were hospitalized for more than 48 hours
in sites other than the emergency wards
and had positive cultures. Based on
Clinical and Laboratory Standard Institute
(CLSI), a minimum of 30 isolates per
anatomical site of infection or each
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hospital unit was required to be included in
the analysis of antibiogram (23).

2-2. Methods

In this study, all isolates were collected
throughout a 16-month period from all
hospital units, except for emergency ward
after 48 hours of hospitalization or more.
The microorganisms isolated after 48
hours of hospital admission were
considered as nosocomial pathogens.
Screening isolates were not included in
this sample. The samples were obtained
from suspected sites of infection in
accordance  with the clinical and
paraclinical manifestations of the patients
(24).

2-3. Laboratory measurements

Samples were isolated from blood (via BD
BACTEC™ or standard disk diffusion
blood culture), urine (via suprapubic
sampling), respiratory secretions
(NBBAL), and other sites in patients
suspected to have infections such as sepsis,
urinary tract infections (UTI), respiratory
infections, VAP, peritonitis and wound
infections. Microbial susceptibility testing
was performed by disk diffusion method
based on the Clinical and Laboratory
Standards Institute (CLSI) guideline (23,
24). In accordance with the latest CLSI
guideline intermediate-resistant specimens
were not reported as susceptible, and the
cumulative antibiogram demonstrated the
susceptibility percentage profiles (25).
Because it was possible to study all
suspected cases, the study was conducted
as a census and it was not necessary to
estimate a sample size. Patients’
information and data from the positive
cultures were collected into a specifically-
designed form. Cases of VAP were
collected in separate forms.

2-4. Intervention

In cases with the assumptive diagnosis of
VAP, sampling was performed by a
fellowship of PICU via  non-
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Bronchoscopic Bronchoalveolar Lavage
(NB-BAL). According to Infectious
Diseases Society of America (IDSA) (7),
and American Thoracic Society (ATS)
guidelines (26), cases that had been
intubated for more than 48 hours, had
infiltrations on chest X-ray, and had at
least one of the clinical signs of a new-
onset fever, leukopenia, leukocytosis or
purulent respiratory secretions were
considered as the suspicious cases of VAP.
Patients who were intubated and had
hemodynamic instability, worsening of
blood gases or a decrease in oxygen
saturations were also considered as the
suspicious cases of VAP. Furthermore,
NBBAL was performed and the associated
samples were sent for culture and analysis
(26, 27). NBBAL was performed in
accordance with previous successful
studies (5, 28). Distal bronchial samples
were obtained from each patient according
to the following technique: for a few
minutes, the patients’ lungs were
preoxygenated with 100% oxygen before
disconnection of the ventilator.

A sterile catheter was inserted through the
endotracheal tube and advanced as far as
possible. Then a second catheter was
passed through it (28). Next 1 ml/kg
normal saline was injected to the bronchus
by the second catheter and then 1-3 cc was
suctioned by Falcon tube and sent for
bacteriologic examination, culture, and
analysis. Samples were taken by one
catheter in cases with ET size less than 4.5
mm or acute respiratory distress syndrome
(ARDS) that needed high positive end-
expiratory pressure (PEEP). Based on the
same guideline, BAL samples can be
reported in quantifiable values (colony
counts), or can be declared semi-
quantitatively (i.e. mild, moderate, or
heavy growth) (7). We used the semi-
quantitative method. Urine samples were
obtained through suprapubic urine bladder
drainage in patients less than one-year-old.
In patients older than 12 months, samples
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were obtained from urinary catheters.
Gram-negative (bacilli) were differentiated
with help of tests such as triple sugar iron
(TSI) agar, Sulfur Indole Motility Media
(SIM), urea, citrate, phenylalanine
deaminase (PAD) test, and lysine and
oxidase test. According to Clinical and
Laboratory Standard Institute (CLSI)
(2017), microbiology determination was
performed to assess colistin susceptibility.
According to CLSI (2017), cefoxitin and
oxacillin are considered as surrogate
agents for Staphylococcus. This means that
the specimens resistant to oxacillin are
resistant to cefoxitin and vice versa.

2-5. Ethical consideration

All procedures performed in this study
were in accordance with the ethical
standards of the institutional and national
research committees and with the 1964
Helsinki  Declaration and its later
amendments or comparable ethical
standards. Informed consent was obtained
from all patients’ caregivers for the
purpose of publication, with the assurance
of confidentiality of personal data.

2-6. Inclusion and exclusion criteria

Pediatric patients who were hospitalized
for more than 48 hours in sites other than
the emergency wards and had positive
cultures were included in this study. Based
on Clinical and Laboratory Standard
Institute (CLSI), a minimum of 30 isolates
per anatomical site of infection or each
hospital unit was required to be included in
the analysis of antibiogram. Patients were
excluded if they did not meet the selection
criteria above (23).

2-7. Data Analysis

To determine the frequency distribution of
organisms isolated from PICU patients
more than 48 hours after admission and
their rate of resistance, descriptive
statistics including numbers  and
percentages were used. For data analysis,
independent samples t-test and Chi-square
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were used where applicable. This study
was not undertaken for any screening
purposes, and specimens were obtained
from suspected infectious sites and from
patients with a clinical suspicion of
infection. Hence, no suspected VAP cases
were evaluated or reported. Statistical
Package for Social Sciences version 22.0
was used for the means of data analysis.
After preparing the results of the microbial
susceptibility tests, and calculating the
percentage and frequency of microbial
resistance, the treatment protocol of VAP
was prepared based on the existing
validated guidelines for VAP (1, 7). Data
were analyzed using one-way ANOVA,
logistic regression, and Chi-square tests.
The level of significance for all tests (type
1 error) was considered 0.05. Before going
through the analysis we checked the
normality of the data and for the data with
non-normal distributions, non-parametric
tests were used.

3- RESULTS

Overall, 343 isolates were detected
from 243 patients (49.4% girls) suspected
of hospital-acquired infection. Age was
distributed with 59.9% < 1 year-old,
24.8% between 1-5 year-old, 9.9% with 5-
12 years of age, and 5.4% >12 years old.
The most isolates were gathered from
PICU (44.9%), followed by (14.3%) from
NICU, and (14%) from Pediatric
Nephrology and Neurology wards (Table.
1). Moreover, 165(48.1%) isolates were
detected 2-7 days after hospital or ICU
admission, 149(43.4%) isolates within 7-
30 days into their hospital/ICU admission,
and 29(8.5%) isolates were detected with >
30 days after hospital or ICU length of
stay. It is worth mentioning that 42 out of
343(12.2%) positive  cultures  were
Candida albicans and 301 out of
343(87.8%) were bacterial isolates. Gram-
negative organisms were the most
frequent, with 34(9.9%) Acinetobacter
baumannii isolates, 34(9.9%) Klebsiella
isolates, 32(9.3%) Enterobacter isolates,
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31(9%) Pseudomonas aeruginosa isolates,
31(9%) Escherichia coli isolates, 25(7.3%)
Serratia isolates, 7(21%) Citrobacter
isolates and 2(0.6%) Proteus isolates, with
the cumulative percentage of 57% of all
isolates and constituting 65.1% of bacterial
isolates. Gram-positive isolates were less
frequent than Gram-negative ones and
included 17(5%) Staphylococcus aureus

isolates, 60(17.5%) Staphylococcus
epidermidis isolates, 7(2%)
Staphylococcus  haemolyticus isolates,
3(0.9%) Staphylococcus saprophyticus
isolates, 15(4.4%) Enterococcus spp., and
3(0.9%) viridans streptococci (from blood)
with cumulative percentage of 30.7% of all

isolates (Figure. 1).

Table-1: Isolated strains obtained from different hospital wards (n=343).

Hospital wards Number (%)
PICU 154 (44.9%)
NICU 49 (14.3%)
Pediatric Nephrology and Neurology wards 48 (14%)
Pediatric Respiratory and Gastroenterology wards 38 (11%)
NICU of Surgery ward 32 (9.3%)
Pediatric Surgery ward 15 (4.4%)
Pediatric Infectious Diseases ward 5 (1.5%)
Dialysis ward 2 (0.6%)
Total 343(100%)
PICU: pediatric intensive care unit, NICU: neonatal intensive care unit.
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Fig.1: Isolated microorganisms.
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In addition, 154(44.9%) isolates were
detected from blood, 89(25.9%) from
urine, 30(8.7%) from BAL specimen,
6(1.7%) from respiratory secretion,
12(3.5%) from wound, 10(2.9%) from
peritoneal fluid, 22(6.4%) from eye
discharge, 8(2.3%) from throat culture and
5(1.5%) from cerebrospinal fluid shunt.
Results of cultures reported in exact
accordance with CLSI 2017 cumulative
antibiogram protocols are presented in
Tables 2, 3. Pseudomonas had no
resistance against amikacin but had 14.3%
resistance to gentamicin. It seems that
Pseudomonas aeruginosa isolates were the
most sensitive Gram-negative organisms to
most antibiotic classes. Acinetobacter
isolates were sensitive to colistin in 12
cases, resistant to colistin in 2 cases and 20
cases were not reported.

According to CLSI (2017), colistin is
within the group O (other) of the
antimicrobial agents that are needed to be
checked for VAP (i.e. not
primarily/routinely checked), and is only
assessed when there is resistance to other
agents.  Therefore 20 cases  of
Acinetobacter isolates were not evaluated
for  colistin  susceptibility. ~ Among
Enterobacter isolates, sensitivity rates to
meropenem and imipenem were 66.6%
and 50%, respectively. For both
Enterobacter and Klebsiella isolates,
meropenem was less tested and reported
than  imipenem. Among the 15
Enterococcus isolates, three cases were
sensitive to vancomycin, seven cases were
resistant and results of vancomycin testing
of five cases were not reported. In total, 7
out of 10 cases of vancomycin-tested
Enterococcus isolates were vancomycin-

Int J Pediatr, VVol.8, N.9, Serial No.81, Sept.2020

resistant (VRE). Among Staphylococcus
aureus isolates, eight cases were sensitive
to oxacillin (cefoxitin), five cases were
resistant and four cases were not reported.
Among oxacillin-tested Staphylococcus
aureus isolates, 61.5% were methicillin-
sensitive Staphylococcus aureus (MSSA),
and 38.5% were MRSA. Based on The
American Thoracic Society and the
Infectious Diseases Society of America
(ATS-IDSA) guidelines, 27 patients had
VAP with positive BAL culture, all of
whom were in PICU. The frequency of
isolates in BAL specimen was as follows:
Candida albicans 1 case (3.7%),
Pseudomonas aeruginosa 9 cases (33.3%),
Acinetobacter 10 cases (37%), Klebsiella 3
cases (11.1%), Serratia 3 cases (11.1%),
and Staphylococcus aureus 1 case (3.7%).
Gram-negative organisms were the most
frequent cause of VAP with cumulative
percentage of 92.6%.

Only one Staphylococcus aureus isolate in
BAL specimen was sensitive to
cotrimoxazole and vancomycin and
resistant to amikacin, clindamycin,
oxacillin, penicillin, and erythromycin.
Mean (SD) of hospital stay before VAP
was 2.8 (0.62) days. Mean (SD) of ICU
stay before VAP was 2.7 (0.64) days with
minimum and maximum of 2 and 4 days,
respectively. The mean (SD) for days of
mechanical ventilation before VAP was
2.6 (0.62) with the minimum, and
maximum of 2 and 4 days, respectively.
Finally, 55.6% of VAP cases occurred
during 7-30 days within their ICU stay,
and 48.1% occurred 7-30 days into the
initiation of mechanical ventilation and
intubation.
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Table-2: Antimicrobial susceptibility determinations of gram negative organisms.

) . . Other
Organisms B-lactams Aminoglycosides | FQs categories
=
o =
Gram 15123 | % |8 |2 |88 |[E5| 3 ¢ |2 |%2 | g
- o |8 8 = N S 3 g 88 = 8 = 2o =
VIECATTS = |2le |8 |8 |EB |2 |82 |82 | 8 S | g8 |8% | g
organism 3 |5 |5 3 3 g 3 25 |25 5 2 § %é >
g
écmembwer' 3 | R | _ | 7.4% | 318% | 13.3% | 13.7% | 42.8% | o 21.7% | 54.5% | 33.3% | 14.2% | 85.7%
Klebsiella 34 |R | _ | 71% | 7.6% | 16.6% | 45.8% | 68.1% | R 38.7% | 33.3% | 38.4% | 46.6% | 75%
Enterobacter | 32 | _ | R | 11.1% | 27.2% | 66.6% | 50% | 70.8% | R 60% | 83.3% | 66.6% | 36.3% |
Zse“dom"”as' 31| _ | _|R 86.3% | 81.8% | 86.3% | 91.3% | — 100% | 85.7% | 92.8% | R _
E.coli 31 |R | _ | 37% |11.1% | 100% | 68.1% | 85% | R 77.2% | 42.8% | 50% | 41.6% | 100%
Serratia 25 |R | R | 47% |11.1% | 57.1% | 52.9% | 46.1% | R 47% | 37.5% | 77.7% | 87.5% | 100%
Citrobacter |7 | R | R |50% |25% | 14.2% | 40% |60% | _ | 75% | 100% | 100% | 66.6% |
Proteus 2 | | _|50% |R - 50% | 100% | _ | 100% | 100% | R - -

FQ: Fluoroguinolone; R, intrinsic resistance. S% for each organism/antimicrobial combination was generated by including the
first isolate of that organism encountered on a given patient. Drug not tested or drug not indicated.

Table-3: Antimicrobial susceptibility determinations of gram positive organisms.

_|
m =
> ) Q 9 < a > X @) 9<J = ('BD ('BD
(%2} 3 @ —h > = =S 3 = < S 5 = =2
. sz o = < = = = = > ) 8 @ 2 0o
Gram positive | 5 © =) 2 & 3 S P § = 2 3 ~ X3
organisms @ = 5 3 3. S = 5 5 5 S = 83
@ S =r @ 5 o> &
=
Eg‘gggfoccus 15 | 25% | 222% |R |R R 11.% | 142% | | 30% | 87.5% | 100%
itjfer:ﬁococcus 17 | |1% |R |R R 75% | 72.7% | 75% | 61.5% | 50% | __ 77.7%
Staphylococcus
Coagulase- 70 | | 19% | R | 11.2% | 8.9% | 100% | 61.7% | 90% | 21.4% | 79.5% | 100% | 47.5%
negative
Viridans group | 5| 10006 | 100% | R | 100% |R | | | __ | |sow |100% |
streptococm

R: intrinsic resistance. S% for each organism/antimicrobial combination was generated by including the first isolate of
that organism encountered on a given patient. Drug not tested or drug not indicated.
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4- DISCUSSION

Considering the importance of local
antibiogram  determination in empiric
therapy, in the current study, the sensitivity
and resistance of all isolates were detected
in children who were admitted to PICU for
more than 48 hours. This was performed
by the examination of the suspicious site
of infection and explained based on CLSI
(2017) cumulative antibiogram protocol
for the purpose of explanation of VAP
treatment protocol. Gram-negative
organisms  including  Acinetobacter,
Klebsiella, Enterobacter, Pseudomonas
aeruginosa, E. coli, Serratia, and
Citrobacter had the highest prevalence,
respectively. Subsequently, there were
Gram-positive  organisms including
Staphylococcus aureus, coagulase-
negative staphylococci, Enterococcus spp.,
and viridans streptococci.

Coagulase-negative  Staphylococci  are
considered as contaminants unless proven
otherwise  throughout a  confirmed
infectious site. We, on the other hand,
merely reported the positive results, but
did not take those results into account in
the case of treatment decision. No true
episode of infections was detected, hence
it did not affect our stewardship program.
The majority of positive cultures were
from blood (peripheral or central line
sample), which suggests the high
prevalence of sepsis as a nosocomial
infection, and it is indicative of the
importance of the methods of preventing
infection transmissions such as hand
hygiene with alcohol-based hand rub or
soap (29). Most cases of nosocomial
infection were detected in PICU that may
indicate an increased risk of nosocomial
infection in ICU patients due to longer
hospitalization time, invasive procedures,
critical illness, sedation, and mechanical
ventilation. Among BAL cultures, one
case grew Candida albicans. Nosocomial
fungal pneumonia may occur in
neutropenic  or  immunocompromised
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patients (30-33). The only case of fungal
VAP in our study was a chronic renal
failure  patient, who was  under
hemodialysis and was considered to be
immunocompromised. This finding shows
that in immunocompromised patients,
clinicians should consider the possibility
of fungal infection. Most VAP cases (25
out of 27 cases [92.6%]), were infected
with Gram-negative organisms, which
included Pseudomonas, Acinetobacter,
Klebsiella, and Serratia. One case was
reported to be MRSA, a Gram-positive
organism. These results were perfectly
consistent with the ATS-IDSA (Society of
America and the American. Thoracic
Society) HAP-VAP guideline.

Aerobic  Gram-negative  bacilli,  for
example, Pseudomonas aeruginosa, E.
coli, Klebsiella ~ pneumonia, and
Acinetobacter spp., are common pathogens
of HAP and VAP (26). In a study by EIl-
solh et al. that was performed in elderly
patients  with  severe  pneumonia,
Staphylococcus aureus (9%), and enteric
Gram-negative rods (15%) were the most
frequent causes of nursing home-acquired
pneumonia (34). The types of isolated
organisms and their prevalence were
completely consistent with our study
findings. A study in Lahore General
Hospital in 2018 showed that out of 445
samples of tracheal secretions the most
common  bacterium was Klebsiella
pneumonia and the highest susceptibility
trend was seen with combination drugs
such as piperacillin-tazobactam among
Gram-negative bacteria (35), but our
results showed most sensitivity to colistin
in Gram-negative organisms. Richards
studied ICU patients in the United States
and showed that infections due to Gram-
positive organisms such as Staphylococcus
aureus, particularly MRSA, are rapidly
increasing in the United States (26, 36).
Staphylococcus aureus pneumonia is
common in head trauma, diabetes mellitus,
and ICU patients (37). In this study, only
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one of the Staphylococcus aureus isolates
from  bronchoalveolar  lavage (BAL)
specimens  was methicillin-resistant
Staphylococcus aureus (MRSA), which is
consistent with the findings of Richards et
al. (36). In one case of MRSA VAP, the
patient had a history of more than 30 days
of ICU stay, tracheostomy tube placement,
mechanical ventilation and consumption
history of a broad spectrum of antibiotics
(37). In hospitalized patients, especially in
ICU patients, the rates of nosocomial
pneumonia by multi-drug resistant (MDR)
organisms have increased significantly.
Habibian et al.’s study that was conducted
during 12 months from 2013 to 2014
demonstrated Klebsiella and Pseudomonas
aeruginosa as the most prevalent
organisms. Resistance to ceftazoxim,
ciprofloxacin and  carbenicillin ~ was
changed from 62.5% to 19%, 100% to
88%, 55% to 71%, respectively, in the
second half of their study (38).

The organisms that were isolated and the
extent of their resistance were consistent
with our results. Puzniak et al.’s study
which was conducted in 2019 in the
United States, revealed that commonly-
used antipseudomonal drugs, alone or in
combination, do not achieve 95% coverage
against Pseudomonas aeruginosa isolates
of hospitals, suggesting that new drugs are
needed to attain this goal. They argued that
local institutional use of combination
antibiograms optimizes empiric therapy of
difficult-to-treat pathogens (39). However,
our findings show that among Gram-
negative organisms Pseudomonas
aeruginosa is the most sensitive one, but
other ones are highly resistant to most
antibiotic classes and new drugs are
needed to attain sufficient coverage. In our
study, the most common Gram-negative
organisms had a higher than25% resistance
to at least one antibiotic from three or
more  antibiotic  classes. = However,
Pseudomonas aeruginosa showed
resistance below 20% to most antibiotics

Int J Pediatr, VVol.8, N.9, Serial No.81, Sept. 2020

and had higher sensitivity than other
Gram-negative organisms. The 2017
European Respiratory Society (ERS)
guideline has recommended to start
combination antibiotic therapy including
coverage of Gram-negative isolates and
MRSA for high-risk HAP/VAP patients
(1). In empiric therapy, broad-spectrum
antibiotics for Pseudomonas aeroginosa
and  extended-spectrum  B-lactamase-
producing isolates are recommended in
case of high rate of Acinetobacter in the
unit, septic shock at the onset of
HAP/VAP, hospitals with high rate of
MDR pathogens and patients at risk for
resistant pathogens. Resistant isolates risk
factors include units with high rate of
MDR isolates, defined as isolates that are
resistant to at least one agent from three or
more classes of antibiotics, previous
antibiotic use, and hospital stay for more
than five days, and prior colonization with
MDR pathogens. The rate of resistant
organisms varies among different units and
hospitals. However, in local
microbiological data, the prevalence of
resistant pathogens more than 25% is
considered as MDR high-risk situation (1).

In  empiric therapy, broad-spectrum
antibiotics for Pseudomonas aeroginosa
and  extended-spectrum  B-lactamase-
producing isolates are recommended in
case of high rate of Acinetobacter in the
unit, septic shock at the onset of
HAP/VAP, hospitals with high rate of
MDR pathogens and patients at risk for
resistant pathogens. Resistant isolates risk
factors include units with high rate of
MDR isolates which are defined as isolates
that are resistant to at least one agent from
three or more classes of antibiotics,
previous antibiotic use, and hospital stay
for more than five days, and prior
colonization with MDR pathogens. The
rate of resistant organisms varies among
different units and hospitals. However, in
local microbiological data, the prevalence
of resistant pathogens more than 25% is
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considered as MDR high-risk situation (1).
ATS, IDSA  HAP/VAP  guideline
recommends that in patients with
suspected VAP, empiric regimens should
include Staphylococcus aureus and other
Gram-negative organisms’ coverage. In
empiric treatment of suspicious cases of
VAP, MRSA coverage is suggested in any
of the following conditions: antimicrobial
resistance risk factors (septic shock at the
onset of VAP, ARDS before VAP,
antibiotic  use  within 90  days,
hospitalization for >5 days before VAP, or
acute renal replacement therapy preceding
VAP), patients being treated in units with
MRSA prevalence of more than 10-20%,
and patients in units with unknown
prevalence of MRSA. Otherwise, an
antibiotic effective against MSSA s
sufficient (7). In cases of MRSA coverage,
the guideline recommends linezolid or
vancomycin use.

According to the current findings, in our
center 38.5% of Staphylococcus aureus
isolates were MRSA, so in this center, the
empiric regimen in suspected VAP
patients must include vancomycin or
linezolid antibiotics. The same guideline
suggests prescribing two active agents
against Gram-negative isolates from two
different classes in any of the following
conditions: a risk factor for MDR
pathogens as described earlier, units with >
10% Gram-negative organisms resistant to
an antibiotic considered for monotherapy,
and in ICUs with unknown local microbial
susceptibility rate (7). The goal of this
empiric therapy is to ensure that patients
receive > 95% effective antibiotics against
the pathogens. Each individual ICU can
modify  these  thresholds to its
circumstances. According to the two main
guidelines and current results, in our
hospital, two anti-pseudomonal antibiotics
should be used in empiric therapy of VAP
in either the presence or absence of MDR
risk-factors due to high resistance rate of
Gram-negative organisms other than
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Pseudomonas and high prevalence of other
Gram-negative isolates such as
Acinetobacter and Klebsiella. Antifungal
treatment may also be considered if the
patient is immunocompromised, has any
risk factors of invasive fungal infection or
is strongly suspected by the clinician (for
instance, has a candida score >3). Risk
factors of an invasive fungal infection
include central line catheter in ICU, total
parenteral nutrition and acute renal failure,
especially if hemodialysis is required (40,
41).

4-1. Study Limitations

The limitation of this study is the small
sample size and the short period of time
for sample collection. Collecting samples
over a longer period will yield more
reliable results. VAP information can be
collected and analyzed to determine the
predictive value of each clinical sign and
symptom and laboratory findings such as
fever, leukocytosis, leukopenia, worsening
of blood gas and oxygenation.

5- CONCLUSION

The current study showed that Gram-
negative bacteria were the most common
organisms with the cumulative percentage
of 62.9% of bacterial isolates. Common
gram-negative organisms had greater than
25% resistance to at least one antibiotic
from three or more antibiotic classes.
However, P. aeruginosa showed resistance
of less than 20% to the majority of
antibiotics. When tested with oxacillin,
61.5% of Staphylococcus aureus were
MSSA and 38.5% were MRSA. 27
(11.1%) of patients had VAP, 25 (92.6%)
of which were gram-negative infections.
According to the results of our center’s
antibiogram, an effective antibiotic against
MRSA should be used in the empiric
treatment of VAP. Also, in the presence or
absence of MDR pathogens risk-factors as
explained earlier, it is necessary to use two
effective antipseudomonal antibiotics from
different antibiotic classes.  Once the
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culture and its antibiogram are prepared,
the antibiotic can be changed to a sensitive
one or step down therapy. We defined our
antibiogram in accordance with the
existing standard guidelines and based on
the antibiograms we designed a local
protocol. The limited time period and
sample size without any follow-up, made it
impossible for our study to define an
effective treatment protocol. However, this
study designed a modified version of the
standard protocols that will definitely help
further studies modify and confirm the
ultimate treatment protocol for VAP in
PICUs in our region. We recommend
performing further studies with larger
sample sizes and longer recruitment
window to determine the local antibiogram
of each unit, which can provide more
precise results. Choosing correct empiric
antibiotic treatment is also influenced by
microbial resistance and in the first step a
cohort study is needed to determine risk
factors of MDR infections. Moreover,
future similar studies should determine
minimum inhibitory concentration (MIC)
of the drugs in order to help decide which
antibiotics to choose for the purpose of
combination therapy.

6- ACKNOWLEDGMENT

The authors express their gratitude to the
research deputy of Isfahan University of
Medical Sciences and those who have
participated in this research.

7- CONFLICT OF INTEREST: None.

8- REFERENCES

1. Torres A, Niederman MS, Chastre J,
Ewig S, Fernandez-Vandellos P, Hanberger H,
et al. International
ERS/ESICM/ESCMID/ALAT guidelines for
the  management of  hospital-acquired
pneumonia and ventilator-associated
pneumonia: Guidelines for the management of
hospital-acquired pneumonia
(HAP)/ventilator-associated pneumonia (VAP)
of the European Respiratory Society (ERS),

Int J Pediatr, VVol.8, N.9, Serial No.81, Sept. 2020

European Society of Intensive Care Medicine
(ESICM), European Society of Clinical
Microbiology and Infectious Diseases
(ESCMID) and Asociacion Latinoamericana
del Toérax (ALAT). European Respiratory
Journal. 2017;50(3):1700582.

2. File Jr TM. Recommendations for
treatment of hospital-acquired and ventilator-
associated pneumonia: review of recent
international guidelines. Clinical Infectious
Diseases. 2010;51(Supplement_1):542-S7.

3. Craven DE, Hudcova J, Lei Y.
Diagnosis of ventilator-associated respiratory
infections (VARI): microbiologic clues for
tracheobronchitis (VAT) and pneumonia
(VAP).  Clinics in chest medicine.
2011;32(3):547-57.

4, Wunderink RG, Wunderink RD, Rello
J. Ventilator-associated pneumonia: Springer
Science & Business Media; 2004.

5. Amanati A, Karimi A, Fahimzad A,
Shamshiri AR, Fallah F, Mahdavi A, et al.
Incidence of ventilator-associated pneumonia
in critically Il children undergoing mechanical
ventilation in pediatric Intensive Care Unit.
Children. 2017;4(7):56.

6. Venkatachalam V, Hendley JO,
Willson DF. The diagnostic dilemma of
ventilator-associated pneumonia in critically ill
children. Pediatric Critical Care Medicine.
2011;12(3):286-96.

7. Kalil AC, Metersky ML, Klompas M,
Muscedere J, Sweeney DA, Palmer LB, et al.
Management of adults with hospital-acquired
and ventilator-associated pneumonia: 2016
clinical practice guidelines by the Infectious
Diseases Society of America and the American
Thoracic Society. Clinical Infectious Diseases.
2016;63(5):e61-e111.

8. Kuster SP, Ruef C, Zbinden R,
Gottschalk J, Ledergerber B, Neuber L, et al.
Stratification of cumulative antibiograms in
hospitals for hospital unit, specimen type,
isolate sequence and duration of hospital stay.
Journal of antimicrobial chemotherapy.
2008;62(6):1451-61.

9. Lalani T, Varkey JB, Drew R, Harrell
L, Mcgarry S, Engemann JG, et al. Analysis of
two-and three-year trends in antimicrobial

12049



Treatment of VAP based on Microbial Susceptibility in PICU

resistance in intensive care units using unit-
specific antibiograms. Scandinavian journal of
infectious diseases. 2008;40(8):672-4.

10. Hill JN, Suda KJ, Ramanathan S,
Evans CT. Development of a unit-specific
antibiogram and planning for implementation:
Preimplementation findings. American journal
of infection control. 2015;43(11):1264-7.

11. Harbarth S, Harris AD, Carmeli Y,
Samore MH. Parallel analysis of individual
and aggregated data on antibiotic exposure and
resistance in gram-negative bacilli. Clinical
Infectious Diseases. 2001;33(9):1462-8.

12. Evans CT, Rogers TJ, Burns SP,
Lopansri B, Weaver FM. Knowledge and use
of antimicrobial stewardship resources by
spinal cord injury providers. PM&R.
2011;3(7):619-23.

13. Rello J, Sa-Borges M, Correa H, Leal
S-R, Baraibar J. Variations in etiology of
ventilator-associated pneumonia across four
treatment sites: implications for antimicrobial
prescribing practices. American journal of
respiratory and critical care medicine.
1999;160(2):608-13.

14. Babcock HM, Zack JE, Garrison T,
Trovillion E, Kollef MH, Fraser VJ.
Ventilator-associated pneumonia in a multi-
hospital system differences in microbiology by
location. Infection Control & Hospital
Epidemiology. 2003;24(11):853-8.

15. Beardsley JR, Williamson JC, Johnson
JW, Ohl CA, Karchmer TB, Bowton DL.
Using local microbiologic data to develop
institution-specific guidelines for the treatment
of hospital-acquired pneumonia.  Chest.
2006;130(3):787-93.

16. Namias N, Samiian L, Nino D, Shirazi
E, O’Neill K, Kett DH, et al. Incidence and
susceptibility of pathogenic bacteria vary
between intensive care units within a single
hospital: implications for empiric antibiotic
strategies. Journal of Trauma and Acute Care
Surgery. 2000;49(4):638-46.

17. Heyland D, Dodek P, Muscedere J,
Day A, Group CCCT. A randomized trial of
diagnostic techniques for ventilator-associated
pneumonia. N Engl J Med.
2006;355(25):2619-30.

Int J Pediatr, VVol.8, N.9, Serial No.81, Sept.2020

18. Fagon J-Y, Chastre J, Wolff M,
Gervais C, Parer-Aubas S, Stéphan F, et al.
Invasive and noninvasive strategies for
management of suspected ventilator-associated
pneumonia: a randomized trial. Annals of
internal medicine. 2000;132(8):621-30.

19. Ruiz M, Torres A, Ewig S, Marcos
MA, Alcon A, LLedd R, et al. Noninvasive
versus invasive microbial investigation in
ventilator-associated pneumonia: evaluation of
outcome. American journal of respiratory and
critical care medicine. 2000;162(1):119-25.

20. Sanchez-Nieto J, Torres A, Garcia-
Cordoba F, El-Ebiary M, Carrillo A, Ruiz J, et
al. Impact of invasive and noninvasive
guantitative culture sampling on outcome of
ventilator-associated pneumonia: a pilot study.
American journal of respiratory and critical
care medicine. 1998;157(2):371-6.

21. Violan JS, Fernandez JA, Benitez AB,
Cendrero JAC, De Castro FR. Impact of
quantitative invasive diagnostic techniques in
the management and outcome of mechanically
ventilated patients with suspected pneumonia.
Critical care medicine. 2000;28(8):2737-41.

22. Berton DC, Kalil AC, Teixeira PJZ.
Quantitative versus qualitative cultures of
respiratory secretions for clinical outcomes in
patients with ventilator-associated pneumonia.
Cochrane Database Syst Rev.2014 Oct
30;(10):CD006482.

23. Clinical, Institute LS. Performance
standards for antimicrobial susceptibility
testing of anaerobic bacteria: informational
supplement: Clinical and Laboratory Standards
Institute (CLSI); 2009.

24, Hindler JF, Stelling J. Analysis and
presentation of cumulative antibiograms: a
new consensus guideline from the Clinical and
Laboratory Standards Institute.  Clinical
infectious diseases. 2007;44(6):867-73.

25. Joshi S. Hospital antibiogram: a
necessity.  Indian journal of medical
microbiology. 2010;28(4):277.

26. Ekren PK, Ranzani OT, Ceccato A, Li
Bassi G, Mufioz Conejero E, Ferrer M, et al.
Evaluation of the 2016 Infectious Diseases
Society of America/American  Thoracic
Society guideline criteria for risk of multidrug-

12050


https://www.ncbi.nlm.nih.gov/pubmed/25354013

Keivanfar et al.

resistant pathogens in patients with hospital-
acquired and ventilator-associated pneumonia
in the ICU. American journal of respiratory
and critical care medicine. 2018;197(6):826-
30.

217. Fabregas N, Ewig S, Torres A, El-
Ebiary M, Ramirez J, de la Bellacasa JP, et al.
Clinical diagnosis of ventilator associated
pneumonia revisited: comparative validation
using immediate post-mortem lung biopsies.
Thorax. 1999;54(10):867-73.

28. Rouby J-J, Rossignon M-D, Nicolas
M-H, de Lassale Martin E, Cristin S, Grosset
J, et al. A prospective study of protected
bronchoalveolar lavage in the diagnosis of
nosocomial ~ pneumonia.  Anesthesiology.
1989;71(5):679-85.

29. Yokoe DS, Anderson DJ, Berenholtz
SM, Calfee DP, Dubberke ER, Eilingson KD,
et al. A compendium of strategies to prevent
healthcare-associated infections in acute care
hospitals: 2014 updates. Infection Control &
Hospital Epidemiology. 2014;35(S2):S21-S31.

30. El-Ebiary M, Torres A, Fabregas N, de
la BELLACASA JP, Gonzalez J, Ramirez J, et
al. Significance of the isolation of Candida
species from respiratory samples in critically
ill, non-neutropenic patients: an immediate
postmortem  histologic  study. American
journal of respiratory and critical care
medicine. 1997;156(2):583-90.

31. Krasinski K, Holzman RS, Hanna B,
Greco MA, Graff M, Bhogal M. Nosocomial
fungal infection during hospital renovation.
Infection Control & Hospital Epidemiology.
1985;6(7):278-82.

32. Lentino JR, Rosenkranz MA,
Michaels JA, Kurup VP, Rose HD, Rytel MW.
Nosocomial aspergillosis: a retrospective
review of airborne disease secondary to road
construction and contaminated air
conditioners. American journal of
Epidemiology. 1982;116(3):430-7.

33. Loo VG, Bertrand C, Dixon C, Vityé
D, DeSalis B, McLean A, et al. Control of
construction-associated nosocomial
aspergillosis in an antiquated hematology unit.
Infection Control & Hospital Epidemiology.
1996;17(6):360-4.

Int J Pediatr, VVol.8, N.9, Serial No.81, Sept. 2020

34. El-Solh AA, Sikka P, Ramadan F,
Davies J. Etiology of severe pneumonia in the
very elderly. American journal of respiratory
and critical care medicine. 2001;163(3):645-
51.

35. Malik MI, Malik M, Chaudhary A.
Antimicrobial susceptibility pattern of bacteria
isolated from tracheal secretions in intensive
care units admitted patients of Lahore General
Hospital. Pakistan Journal of Chest Medicine.
2018;24(2):72-7.

36. Richards MJ, Edwards JR, Culver DH,
Gaynes RP, System NNIS. Nosocomial
infections in combined medical-surgical
intensive care units in the United States.
Infection Control & Hospital Epidemiology.
2000;21(8):510-5.

37. Rello J, Torres A, Ricart M, Valles J,
Gonzalez J, Artigas A, et al. Ventilator-
associated pneumonia by Staphylococcus
aureus. Comparison of methicillin-resistant
and methicillin-sensitive episodes. American
journal of respiratory and critical care
medicine. 1994;150(6):1545-49.

38. Habibian R, Imani R, Khoshdel A.
Changes of trend of antibiotic susceptibility in
isolated bacteria from culture of ICU patients
of Shahrekord Ayatollah Kashani Hospital, IR
Iran. J Shahrekord Univ Med Sci 2012, 14(1):
77-83.

39. Puzniak L, DePestel DD, Srinivasan
A, Ye G, Murray J, Merchant S, et al. A
combination antibiogram evaluation for
Pseudomonas aeruginosa in respiratory and
blood sources from intensive care unit (ICU)
and non-ICU settings in US hospitals.
Antimicrobial agents and chemotherapy.
2019;63(4):e02564-18.

40. Pappas PG, Kauffman CA, Andes DR,
et al. Clinical Practice Guideline for the
Management of Candidiasis: 2016 Update by
the Infectious Diseases Society of America.
Clin Infect Dis 2016; 62:€1l.

41. Zand F, Moghaddami M, Davarpanah
MA, Masjedi M, Nikandish R, Amanati A, et
al. Invasive fungal infections in critically-ill
patients: A literature review and position
statement from the IFI-clinical forum, Shiraz,
Iran. Biosci Biotech Res Comm. 2016;9:371-
81.

12051


https://www.uptodate.com/contents/overview-of-candida-infections/abstract/1
https://www.uptodate.com/contents/overview-of-candida-infections/abstract/1
https://www.uptodate.com/contents/overview-of-candida-infections/abstract/1
https://www.uptodate.com/contents/overview-of-candida-infections/abstract/1
https://www.uptodate.com/contents/overview-of-candida-infections/abstract/1

