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Drug-resistant ventilator associated
pneumonia in a tertiary care hospital
in Saudi Arabia

Hanan H. Balkhy'?34 Aiman El-Saed'?%%, Rana Maghraby*, Hasan M. Al-Dorzi*5,
Raymond Khan®, Asgar H. Rishu®, Yaseen M. Arabi®®

Abstract:

BACKGROUND: There is a wide geographic and temporal variability of bacterial resistance among microbial
causes of ventilator-associated pneumonia (VAP). The contribution of multi-drug resistant (MDR) pathogens to
the VAP etiology in Saudi Arabia was never studied. We sought to examine the extent of multiple-drug resistance
among common microbial causes of VAP.

MATERIALS AND METHODS: We conducted a retrospective susceptibility study in the adult intensive care
unit (ICU) of King Abdulaziz Medical City, Riyadh, Saudi Arabia. Susceptibility results of isolates from patients
diagnosed with VAP between October 2004 and June 2009 were examined. The US National Healthcare Safety
Network definition of MDR was adopted.

RESULTS: A total of 248 isolates including 9 different pathogens were included. Acinetobacter spp. was highly
(60-89%) resistant to all tested antimicrobials, including carbapenems (three- and four-class MDR prevalence
were 86% and 69%, respectively). Pseudomonas aeruginosa was moderately (13-31%) resistant to all tested
antimicrobials, including antipseudomonal penicillins (three- and four-class MDR prevalence were 13% and
10%, respectively). With an exception of ampicillin (fully resistant), Klebsiella spp. had low (0-13%) resistance to
other tested antimicrobials with no detected MDR. Staphylococcus aureus was fully susceptible to vancomycin
with 42% resistance to oxacillin. There were significant increasing trends of MDR Acinetobacter spp. however
not P. aeruginosa during the study. Resistant pathogens were associated with worse profile of ICU patients but
not patients’ outcomes.

CONCLUSION: Acinetobacter in the current study was an increasingly resistant VAP-associated pathogen
more than seen in many parts of the world. The current finding may impact local choice of initial empiric

antibiotics.
Key words:

Acinetobacter, antimicrobial resistance, microbiology, Saudi Arabia, ventilator-associated pneumonia

entilator-associated pneumonia (VAP) is a

leading health care-associated infection (HAI)
among critically ill-patients accounting for 25% of
all types of an intensive care unit (ICU)-acquired
infections.™ In addition to its huge impact on
morbidity and health care costs, VAP is considered
the most deadly HAI with a VAP-associated
mortality rates range from 24 to 50% respectively.?*
Increasing drug resistance rates among Gram-
negative pathogens that frequently cause VAP may
compromise treatment and result in prolongation
of hospital stays, inflation of inpatient health care
costs and further increase in hospital mortality "]
The infecting pathogens can be resistant to the
chosen antibiotic at the start of its administration or
acquire resistance during therapy, particularly with
asingle-agent treatment.” The appropriateness for
initial empiric antimicrobial therapy for VAP is
greatly reliant on the type of causative pathogen
and its resistance pattern.”

There is a wide geographic and temporal
variability of bacterial resistance among

microbial causes of VAP and other
HAIs.[*#l The resistance against commonly
used antimicrobials for VAP-associated
pathogens, such as Pseudomonas aeruginosa
and Acinetobacter baumannii, has been shown
to be higher in the ICUs of developing
countries than ICUs in the US.>°! Moreover,
this variability was observed between different
types of HALI These findings emphasize
the importance of local VAP surveillance
and antibiogram programs to correctly guide
empirical therapy. Although a number of local
studies examined antimicrobial resistance in
clinical isolates from adult ICU patients, none
of them was specific to VAP.B112l Moreover,
the data evaluating the contribution of multi-
drug resistant (MDR) pathogens to the VAP
etiology are lacking both locally and globally.
The objective of the current study was to
examine single- and multiple-drug resistance
among common microbial causes of VAP at
an adult ICU at a tertiary care center in Saudi
Arabia.
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Materials and Methods

Setting

The current study was conducted at adult ICU of King
Abdulaziz Medical City (KAMC) in Riyadh, Saudi Arabia.
KAMC is an approximately 900-bed tertiary care facility that
provides health care services to about 600,000 Saudi National
Guard soldiers, employees and their families. The care provided
ranges from primary and preventive care to tertiary care. The
adult ICU at KAMC is a 21-bed closed medical-surgical-trauma
unit covered by onsite board-certified intensivists 24 h/day,
7 days a week and admits approximately 900 patients/year.
The nurse-patient ratio is 1:1.

VAP surveillance

The details of VAP surveillance were described elsewhere.!"*!
Briefly, a prospective surveillance program was established in
2003 as a joint project between the intensive care department
and infection prevention and control department to provide
regular reports about VAP rate to guide quality improvement
projects. The same VAP definition was used throughout the
study period, which was based on that of the US Centers
for Disease Control." Accordingly, VAP was defined as
a pneumonia occurring more than 48 h after endotracheal
intubation according to the following diagnostic criteria:
new or progressive infiltrates, consolidation or cavitation on
chest X-ray with one of the following: (a) New onset purulent
bronchial secretions with leukopenia (white blood cell <1500/
mm?®) or leukocytosis (=12,000/mm?®), or core temperature
=38.5 or <36°C without other cause, (b) significant positive
culture from blood, or (c) bronchoalveolar lavage (BAL) or
endotracheal aspirate or culture from another relevant site of
infection. Both primary (first) and recurrent (second or third)
episodes of VAP during the same hospitalization were included
in the analysis.

Microbiological examination

Since the susceptibility data were not collected prospectively
as we did with VAP episodes, we retrospectively collected
the susceptibility data for all isolates obtained from patients
diagnosed with VAP between October 2004 and June 2009.
Isolates examined included blood, BAL, tracheal aspirate and
pleural fluid. Up to two isolates were allowed per episode.
Only the first positive culture was included. Multiple cultures
with the same results from one episode of VAP were recorded
just once. Gram-positive and negative bacteria were identified
to the species level using MicroScan Walkaway (Siemens,
Frimley, Camberley, UK) while antimicrobial susceptibility
testing was performed using MicroScan Walkaway (Siemens,
Frimley, Camberley, UK) and/or disc diffusion method.
Minimum inhibitory concentrations breakpoints for different
antimicrobials and interpretation of results were done
according to CLSI guidelines.™ The US National Healthcare
Safety Network (NHSN) definition of multi-drug resistance
was adopted.!'”! Three- and four-class resistance was
determined in Acinetobacter spp., P. aeruginosa and Klebsiella
pneumoniae. Antimicrobial classes considered included
penicillins, cephalosporins, carbapenems, fluoroquinolones
and aminoglycosides. To be included in the analysis the isolates
were required to be tested for at least 1 antimicrobial agent in 3
or more classes. Single-class resistance was defined as resistant
to all antimicrobial agents tested in that class.
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Data analysis

The frequency of resistant isolates was calculated as the sum
of resistant isolates relative to the total number of isolates
tested. The susceptibility results for any antimicrobial that
were based on <30% of a given pathogen were not reported.
Significant changing trends of MDR prevalence were examined
using Mantel-Haenszel Chi-square for linear trend. Significant
differences in the frequency of selected drug-pathogen
resistance combination as well as multi-drug resistance
between KAMC and the figures published by NHSNP
or International Nosocomial Infection Control Consortium
(INICC)® were evaluated using Chi-square or Fisher exact
tests, as appropriate. Significant differences between patients
by pathogen resistance were evaluated using Chi-square or
Fisher exact tests, as appropriate, for categorical data and
t-test for continuous data. All P values were two-tailed. P <
0.05 was considered to be significant. SPSS (release 20.0, SPSS
Inc., Chicago, U.S.) and OpenEpi (Version 2.2, www.OpenEpi.
com, Atlanta, GA, U.S.) softwares were used for all statistical
analyses.

Results

A total of 297 VAP-associated bacterial pathogens were
collected during the period from October 2004 to June 2009.
The majority of isolates were obtained from tracheal aspirates
(82.7%), followed by blood (16.8%) and BAL (0.4%). A total
of 20 (6.7%) out of 297 VAP-associated pathogens identified
were excluded due to small number (<5) of isolates. Another
29 (9.8%) isolates were further excluded due to lack of
antimicrobial resistance data.

A total of 248 isolates were included in the current analysis;
Acinetobacter spp.(n = 87, 35.1%), P. aeruginosa (n = 63,
25.4%), Staphylococcus aureus including methicillin-resistant
Staphylococcus aureus (MRSA) (n = 43, 17.3%), Klebsiella spp.
(n = 15, 6.0%), Enterobacter spp.(n = 10, 4.0%), Haemophilus
spp.(n =9, 3.6%), Stenotrophomonas maltophilia (n = 8, 3.2%),
Coagulase-negative staphylococci (n =7,2.8%) and Escherichia coli
(n=6,2.4%). The number of pathogens tested against individual
antimicrobials and the percentage of tested pathogens out of
all identified pathogens were shown in Table 1. At least one
member of each of the five antimicrobial classes were tested
in the majority (>85%) of isolates.

Asyou can be seen in Table 2 the antimicrobial resistance rates
among 9 pathogens (7 Gram-negatives and 2 Gram-positives).
Acinetobacter spp. had about 60-89% resistance rates to all
tested antimicrobials, including carbapenems (60-71%), third-
generation cephalosporins (86-89%), fluoroquinolones (86%),
aminoglycosides (83-88%) and antipseudomonal penicillins
(85%). P. aeruginosa had about 13-31% resistance rates to all
tested antimicrobials including carbapenems (31%), third-
generation cephalosporins (27-28%), fluoroquinolones (25%),
aminoglycosides (13-25%) and antipseudomonal penicillins
(21%). With an exception of ampicillin to which it was fully
resistant, Klebsiella spp. had about 0-13% resistance rates to
other tested antimicrobials. S. aureus was fully susceptible
(0% resistance rate) to vancomycin with 42% resistance rate to
oxacillin while Coagulase-negative staphylococci were partially
susceptible (17% resistance rate) to vancomycin with full (100%)
resistance to oxacillin.
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The prevalence of carbapenem-resistant Acinetobacter spp. was
significantly higher in KAMC (65%) compared with the rates
reported by NHSN hospitals (37%, P <0.001) and INICC countries
(52%, P = 0.028) [Table 3]. MRSA was less prevalent in KAMC
(42%) compared with both NHSN (54%, P = 0.104) and INICC
(78%, P <0.001). The resistance of P. aeruginosa to ceftazidime and
amikacin were significantly higher in KAMC than NHSN while
the resistance to ciprofloxacin and piperacillin-tazobactam were
significantly lower in KAMC than INICC. Although the resistance
of both Klebsiella spp. and E. coli to carbapenems was comparable
at all sites; the resistance to third-generation cephalosporins
(ceftazidim or ceftriaxone) at KAMC was lower than INICC in
Klebsiella spp. and was higher than NHSN in E. coli.

The prevalence of MDR Acinetobacter spp. over the years of the
study [Figure 1] showed a significant increasing trend in the

100% 7

Prevalence (%)
()
o
B
A

0%

2006 2007 2008

—0—4-class MDR acinetobacter
—O—4-class MDR pseudomonas

\J
2004 2005

——3-class MDR acinetobacter
—8—3-class MDR pseudomonas

Figure 1: Prevalence trends of three- and four-class antimicrobial resistance
among Acinetobacter spp. and Pseudomonas aeruginosa associated with
ventilator-associated pneumonia between 2004 and 2008 at adult medical-surgical

intensive care unit of King Abdulaziz Medical City, Riyadh, Saudi Arabia

four-class (P for trend < 0.001) and a tendency of significant
increasing trend in the three-class antimicrobial resistance (P
for trend 0.064). Such significant increasing trends were not
observed in P. aeruginosa. The prevalence of three- and four-class
MBDR Acinetobacter spp. was significantly higher in KAMC (86%
and 69%, respectively) compared to NHSN hospitals [49% and
50%, respectively, Figure 2] while the prevalence of three- and
four-class MDR P. aeruginosa was significantly lower in KAMC
(13% and 10%, respectively) compared to NHSN hospitals (36%
and 40%, respectively). Interestingly, MDR Klebsiella spp. was not
detected at KAMC compared to 13-14% prevalence in NHSN.

Table4 compares demographic, clinical and outcome characteristics
of the patients with primary VAP by the multiple resistance of
associated pathogens. Resistant group (defined as three-class
MDR Gram-negatives or MRSA) represented 54.1%. Resistance
was associated with older age, female gender, higher APACHE
IT score, non-traumatic admission, readmission, comorbidity
(liver, renal, cardiovascular and immunosuppression), sedation,
nasogastric intubation and late-onset VAP. However, resistance
was not associated with mortality or ICU stay.

Discussion

We are reporting single- and multiple-drug resistance in
9 common bacterial causes of VAP among patients of a
general adult ICU over a period of 6 years. Acinetobacter spp.,
the most commonly VAP-associated pathogen in the current
study, had very high (60-89%) resistance rates to all tested
antimicrobials, including carbapenems. Despite the decline in
VAP rates reported beforel™ such resistance was increasing
over time. In addition, the resistance level of Acinetobacter
spp. was considerably higher than seen in many parts of the
world 2?10 Similarly high®!"'? and yet increasing'® resistance
rates in Acinetobacter spp. were reported in the local hospital
isolates. Carbapenem-resistance in Acinetobacter spp. world-
wide is mediated through integral membrane protein-type
metalloenzymes or carbapenemases of the oxacillinase type."”

Table 3: Comparisons of antimicrobial resistance rates among pathogens associated with VAP from the current

study to major benchmarking reports

Drug-pathogen combination KAMC (2004-2009) %

NHSN (2006-2007) % INICC (2003-2008) %

Staphylococci
MRSA 41.9
Acinetobacter spp.
Imipenem or meropenem 64.7
Pseudomonas aeruginosa
Imipenem or meropenem 32.8
Ciprofloxacin 24.6
Ceftazidim 27.9
Amikacin 25.0
Piperacillin-tazobactam 20.7
Klebsiella spp.
Imipenem or meropenem 0.0
Ceftazidim or ceftriaxone 71
Escherichia coli
Imipenem or meropenem 0.0
Ceftazidim or ceftriaxone 66.7
Ciprofloxacin 33.3

54.4 77.5%
36.8"* 52.4*
26.4 38.6
27.8 49.8™*
13.1* —
4.9 30.4
17.0 35.1*
3.6 3.8
23.7 70.4**
1.8 3.0
11.0** 67.9
22.7 59.9

*<0.05, **<0.01, ***<0.001. KAMC=King Abdulaziz Medical City, NHSN=National Healthcare Safety Network, INICC=International Nosocomial Infection Control
Consortium, MRSA=Methicillin-resistant Staphylococcus aureus, VAP=Ventilator-associated pneumonia
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Figure 2: Prevalence of three-class (a) and four-class (b) antimicrobial resistance among pathogens associated with ventilator-associated pneumonia between 2004 and
2009 at adult medical-surgical intensive care unit of King Abdulaziz Medical City, Riyadh, Saudi Arabia

Table 4: Comparison of demographic, clinical and outcome characteristics of patients with primary ventilator-
associated pneumonia by the pathogen resistance

Characteristics Overall (%) No multiple resistance (%) Multiple resistance* (%) P value
Overall 146 (100.0) 67 (45.9) 79 (54.1)
Age (years)
Mean+SD 47.3+21.7 43.5+21.0 50.5+21.9 0.050
Gender
Male 104 (71.2) 54 (51.9) 50 (48.1) 0.021
Female 42 (28.8) 13 (31.0) 29 (69.0)
APACHE II**
Mean+SD 24.2+8.8 22.2+7.8 26.3+9.3 0.031
<20 51 (41.5) 33 (64.7) 18 (35.3) 0.026
21-30 45 (36.6) 19 (42.2) 26 (57.8)
>30 27 (22.0) 10 (37.0) 17 (63.0)
Admission category
Medical 73 (50.0) 27 (37.0) 46 (63.0) 0.028
Surgical 16 (11.0) 6 (37.5) 10 (62.5)
Trauma 57 (39.0) 34 (59.6) 23 (40.4)
Chronic diseases
Hypertension 42 (28.8) 17 (40.5) 25 (59.5) 0.404
Diabetes 42 (28.8) 14 (33.3) 28 (66.7) 0.053
Liver disease 14 (9.6) 1(7.1) 13 (92.9) 0.002
Cardiovascular diseases 34 (23.3) 10 (29.4) 24 (70.6) 0.028
Respiratory diseases 39 (26.7) 15 (38.5) 24 (61.5) 0.277
Renal diseases 21 (14.4) 4 (19.0) 17 (81.0) 0.008
Immunocompromising condition 15(10.3) 2(18.3) 13 (86.7) 0.008
Interventional factors
Sedation 73 (50.0) 27 (37.0) 46 (63.0) 0.031
Nasogastric intubation 102 (69.9) 41 (40.2) 61 (59.8) 0.036
VAP diagnosis
Early (within 4 days) 45 (30.8) 29 (64.4) 16 (35.6) 0.003
Late (>4 days) 101 (69.2) 38 (37.6) 63 (62.4)
VAP recurrence 17 (12.0) 11 (64.7) 6 (35.3) 0.095
Ventilator duration
Mean+SD 24.2+24.5 24.8+29.5 28.6+19.5 0.767
<median (<18) 76 (52.1) 37 (48.7) 39 (51.3) 0.480
>median (>18) 70 (47.9) 30 (42.9) 40 (57.1)
Readmission 22 (15.1) 4(18.2) 18 (81.8) 0.005
Hospital mortality 70 (50.7) 29 (41.4) 41 (58.6) 0.237
ICU length of stay (days) 27.3+26.3 28.0+32.1 26.7+20.3 0.755

*Multiple resistance included three-class resistance of gram negatives and MRSA, **APACHE=Acute physiology and chronic health evaluation, ICU=Intensive care
unit, VAP=Ventilator-associated pneumonia, SD=Standard deviation, MRSA=Methicillin-resistant Staphylococcus aureus
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The current finding could have great impact on local choice
of initial empiric antibiotic. Combined antibiotics regimens or
more risky antibiotics as colistin or polymyxin may be the only
available choice when MDR Acinetobacter spp. is suspected.P!
Acinetobacter spp. is more likely to be seen in late-onset VAP
and is associated with usually affects deteriorated patients with
long periods of hospitalization and ventilation."8! All these
factors promote Acinetobacter spp. colonization, growth and
invasiveness. The higher prevalence of MDR Acinetobacter
spp. in the current study may be related to the observed
high carbapenem consumption™! and the longer ventilation
duration (average 19.3 days in our patients compared to an
average 14.3 days in US patients).[?"! Acinetobacter spp. in
another report from the same ICU showed was associated with
prolonged ventilation.®

P. aeruginosa in the current study had about 13-31% resistance rates
toall tested antimicrobials, including antipseudomonal penicillins.
These rates were generally comparable or slightly lower than
reported in local®®1? and international hospital isolates.>*!
Unlike Acinetobacter spp. MDR P. aeruginosa was significantly
lower in KAMC compared to NHSN hospitals.' The finding is
difficult to explain, however, the authors of NHSN report could
not explain the discrepancy between the reported single- and
multiple-drug resistances of P. aeruginosa."™ For example, while
single-drug resistance in VAP-associated P. aeruginosa ranged
between 5% in amikacin to 28% in ciprofloxacin, three- and
four-class resistance ranged between 36 and 40% respectively.
P10 Moreover, we observed a very interesting trend, unlike
Acinetobacter spp. that tend to be resistant to = 3 drugs at the
same time, P. aeruginosa tend to be resistant to fewer drugs at the
same time. Even within three-class resistant isolates, pan- (five-
class) resistance was 51% in Acinetobacter spp. compared to 25%
in P. aeruginosa. This may explain the concordance in our isolates
of single- and multiple-drug resistance rates in Acinetobacter spp.
(60-89% vs. 69-86%, respectively) but not P. aeruginosa (13-31%
vs. 10-13%, respectively).

Unlike NHSN hospitals, vancomycin-resistant Enterococcus was
not detected in VAP isolates in this study.”! Similar to many
developing countries, this probably could be due the low use
of vancomycin.” In addition, Gram-positive pathogens in the
current study were partially to fully susceptible to vancomycin
and the rate of MRSA was generally lower than reported on
many parts of the world.l>*1

Although was not associated with worse outcome, pathogen
resistance in the current study was associated with generally
worse profile of ICU patients. Literature was controversial
about the impact of bacterial resistance on outcome specially
mortality.>?! It is believed that impact on outcome, if any, is
probably due associated worse patient profile.”! Unfortunately,
our data did not allow for examining the association between
resistant pathogens and VAP antimicrobial treatment. Our ICU
should continue actively screening for Acinetobacter and MRSA
in all admitted patients!" together with improving currently
implemented antimicrobial stewardship, isolation policies and
environmental cleaning. This may limit the spread of resistant
pathogens and save the few effective antimicrobials.

The current study had several strengths and some limitations.
The study is by far the largest susceptibility study on VAP

110

isolates (1 = 248) in ICU patients in Saudi Arabia. Moreover, it
is the first study to report local contribution of MDR pathogens
to VAP and their relative change over time. However, being a
single-center retrospective study may limit the generalizability
of the finding. Nevertheless, we believe the study is bridging
local data limitation and the findings may help local treating
physician to choose the right empirical antibiotic in VAP patients.

Conclusion

Acinetobacter, the most commonly VAP-associated pathogen in
the current study, had very high (60-89%) resistance rates to all
tested antimicrobials, including carbapenems. These resistance
rates were increasing over time and were higher than seen in
many parts of the world. Resistant pathogens were associated
with worse profile of ICU patients but not patients” outcomes.
The current finding may have great impact on local choice of
initial empiric antibiotic.
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