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Objective: To investigate for the factors associated with acquisition of imipenem-resistant Acinetobacter
baumannii (IRAB) at Songklanagarind Hospital and the subsequent patient mortality outcome.
Design: A case-control study was conducted to evaluate the risk factors for IRAB acquisition using imipenem-
sensitive A. baumannii (ISAB) as controls. A retrospective cohort study was employed to assess the factors
associated with mortality in the hospital.
Setting: An 850-bed university hospital served as a medical school, training hospital, tertiary care, and
referral center for the southern part of Thailand.
Patients: The patients who acquired A. baumannii during their stay in the hospital.
Results: Between July 2003 and September 2005, there were 2,130 isolates of A. baumannii from clinical
specimens of 1,237 hospitalized patients. The medical records of 899 admissions to the hospital were avail-
able for review. The significant risk factors associated with IRAB acquisition, identified from a case-control
study and multiple logistic regression analysis included previous admission to medical-surgical intensive
care unit (ICU), respiratory care unit (RCU), previous use of multiple classes of antibiotics, and previous use
of imipenem. The cohort study revealed that the mortality rate in the patients with IRAB compared to ISAB
were 33.8% and 24.1% respectively, yielding an unadjusted odds ratio of 1.6 (95% CI = 1.2-2.2). However,
after controlling for confounding factors by multivariate analysis IRAB did not show the increased mortality.
Conclusion: The outbreak of IRAB at Songklanagarind Hospital is associated with increasing antibiotic
pressure particularly imipenem and the admission to the ICU and RCU. The excess patient mortality rate
attributable to IRAB is not significantly different from that attributable to ISAB.
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Acinetobacter baumannii is an aerobic, non-
fermentative, Gram-negative coccobacillus that may
be isolated from soil, water, human skin, and the en-
vironment. It is an important opportunistic nosocomial
pathogen causing a variety of nosocomial infections
including pneumonia, bloodstream infection, urinary
tract infection, and meningitis. However, its predomi-
nant role is as an agent of ventilator-associated pneu-

monia(1). Infection caused by this organism poses
crucial problems in both its treatment and control due
to its ability to survive in a long period in the environ-
ment and to rapidly develop resistance to multiple anti-
microbial agents(2-4).

Imipenem is a carbapenem antimicrobial
agent used to treat a variety of serious infections caused
by bacteria resistant to the primary agent of choice.
Imipenem has retained in vitro activities that are superior
to those other antimicrobials, and consequently in many
centers, it is the drug of choice for patients with infec-
tion caused by A. baumannii(5).
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Infections caused by imipenem-resistant
A. baumannii (IRAB) pose the difficult therapeutic
problems to the clinicians because of the widespread
resistance of all major classes of antibiotics in these
bacteria. These therapeutic difficulties are coupled with
the facts that these bacteria have a significant capacity
for prolonged survival in the hospital environment and
the potential for enhanced opportunity of transmission
between patients either via human reservoir or via
inanimate materials.

Over the last decade, nosocomial outbreaks
of IRAB have been reported with increasing frequency,
especially in intensive care units (ICU) and burn
units(6-17).

In 2005, it was recognized by the physicians
in Songklanagarind Hospital that the frequency of
IRAB had been increasing. The present study was
conducted with the primary intention to determine the
risk factors associated with the resistant strains acqui-
sition and the prognosis of the patients who acquired
them.

Material and Method
Setting

The present study was conducted at
Songklanagarind Hospital, an 850-bed medical school,
training, and referral center for the southern part of
Thailand. The hospital has three intensive care units,
an adult medical-surgical intensive care unit, a pediatric
intensive care unit, and a neonatal intensive care unit
with 19, 7 and 15 beds, respectively. The hospital also
has a 16-bed respiratory care unit (RCU).

Bacteriology
All A. baumannii samples were inoculated

on sheep blood agars and incubated at 35oC. Typical
colonies were examined. The genus was identified by
Gram staining, cell and colony morphology, oxidation/
fermentation test activity, absence of motility and
negative oxidase and positive catalase reactions. The
species identification of A. baumannii was determined
by lactose and glucose fermentation.

The antibiotic susceptibility of the A.
baumannii isolates were determined by the disk dif-
fusion method on Mueller-Hinton agar plates(18).
Antibiotic susceptibility was determined routinely for
12 different antibiotics agents including gentamicin,
amikacin, ampicillin, cephalothin, cefoxitin, ceftazidime,
ceftriaxone, imipenem, meropenem, and sulperazone
(cefoperazone/sulbactam), ciprofloxacin, and cotrimoxa-
zole.

Sources of Data
Inclusion Criteria
Data of A. baumannii cultures including

ward and date of isolation, specimen, patient identifi-
cation, and antibiotic susceptibility were retrieved
from microbiology laboratory computer records. Patient
risk factors and mortality outcomes were reviewed
from patient medical records. The amount of imipenem
prescribed in the hospital was obtained from the
pharmacy department.

Study Designs
Exclusion criteria
The medical records with “incomplete” or

“unavailable information needed” were discarded
from the review. Patients in whom A. baumannii was
isolated within 48 hours of admission were excluded
from the present study as well as patients who acquired
A. baumannii from other hospitals.

Definitions
Outbreak was defined as the occurrence of

IRAB in excess of upper limit of 95%C.I of the IRAB
usually isolated. NNIS CDC criteria were used for
diagnosing nosocomial infection(19,20). In cases where
the criterion for diagnosing infection was not fulfilled,
colonization by A. baumannii was assigned. If there
was more than one episode of infection or colonization
by A. baumannii presented during a single hospital
admission, only the first episode was used for analysis.
The American Society Association (ASA) score was
used to classify the patients into five groups with dif-
ferent degrees of severity of illness at admission(21).

A medical patient was defined as a patient
who was cared for primarily by an internist or a pedia-
trician. A patient other than a medical patient was as-
signed as a surgical patient. Neutropenia was defined
as the number of neutrophils less than 500/ml at the
time of admission. Device-day was the sum of duration
of each invasive device (intravenous catheter, urinary
catheter, and mechanical ventilator support) prior to A.
baumannii acquisition. In the same way, antibiotic-
day was the sum of the duration of each systemic
antibiotic given to a patient before A. baumannii was
isolated.

Descriptive study
The authors used the data from the hospital

microbiology unit to describe the time trend of the IRAB
outbreak by analyzing for the proportion of the resis-
tant strains isolated in each month. The frequencies
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of the identified resistant strains were stratified by
patient wards and sites of isolation.

Case-control study
To assess the potential risk factors asso-

ciated with IRAB acquisition, the authors did a case-
control study using a patient with IRAB as a case. For
comparison with cases, a control group was defined
as the patients with infection or colonization with
imipenem-sensitive A. baumannii (ISAB).

Retrospective cohort study
To assess the impact of IRAB acquisition on

the mortality outcome of the patients, a retrospective
cohort study was conducted comparing the hospital
mortality rates between the patients who acquired
IRAB and the patients in whom ISAB were isolated.
The other mortality prognostic factors were used to
control confounding effects. These included ASA
score, hospital service, age, neutropenia, and site of
infection or colonization with A. baumannii.

Statistical analysis
The proportions of IRAB were reported in

terms of percentages and the 95% confidence interval
(C.I) was estimated by the mean of the exact binomial
statistics. The relationship between the amount of
imipenem received and the proportion of IRAB isola-
tions was measured with Pearson Product Moment
Correlation Coefficient (r). The associations between
each of the potential risk factors and IRAB acquisition
or mortality outcome were first evaluated by univariate
analysis using the contingency tables with chi-square
or Fisher’s exact statistics. Odds ratio (OR) and the
corresponding 95% confidence intervals (95% C.I) were
computed. The variables, which were found statisti-
cally significant from the univariate analysis, were sub-
sequently included in the multivariate analysis. The
stepwise multiple logistic regression model with back-
ward deletion was used in the multivariate analysis to
identify independent variables that were significantly
associated with the occurrence of IRAB and the mor-
tality outcome. Statistical analyses were done by us-
ing statistical software STATA v.7 (Stata Corp. College
Station, Tex). To improve statistical power, continuous
or ordinal variables were partitioned in two or three
levels.

To assess the effect of imipenem resistance
on the patient mortality outcome in various groups,
the authors compared the mortality rates between the
patients with IRAB and ISAB by mean of stratification.

The prognostic factors identified from univariate analy-
sis as statistically significant associated with hospital
mortality were used for stratification.

Results
A. baumannii isolation

Two thousand one hundred and thirty isolates
of A. baumannii were identified from clinical specimens
of 1,237 hospitalized patients between July 2003 and
September 2005. The frequencies of IRAB isolations
according to anatomical sites of isolation and patient
wards are displayed in Table 1 and Table 2. The most
common site of IRAB isolations was the respiratory
tract, which accounted for more than half (61.9%) of all
IRAB isolated. The hospital unit where IRAB was most
frequently isolated was the ICU, followed by the RCU.
The antibiotics resistance patterns of the IRAB and
ISAB are given in Table 3. The IRAB were also resis-
tant to other antibiotics particularly cephalosporins
and quinolone compounds. Thus, 14.8% of all IRAB
isolates were resistant to all the routinely tested anti-
biotics.

Description of the outbreak
The authors reviewed the data of bacterial

isolations from the hospital microbiology database
and found that there had been an outbreak of IRAB
since July 2003. While the numbers of isolations of
A. baumannii were relatively constant from the year
2000, the proportions of IRAB isolations had been
increasing since July 2003 (Fig. 1).

To determine whether antibiotic selection
pressure could explain this outbreak, the authors studied
the relationship between an imipenem use and the
incidence of IRAB isolations. The information from
the hospital pharmacy department showed a parallel
between these two events with a correlation coefficient
(r) = 0.82 and p < 0.0001 (Fig. 1). The amount of imipenem
consumption in the hospital increased from 2,850-3,150
grams, in the years 2000-2002, to more than twice
(6900 grams) during the first nine months of 2005.

Patient characteristics
Among 1,237 patients who were identified as

harboring A. baumannii during their hospital stay,
899 patient’s charts were available for review. Three
hundred and thirty eight (27.3%) charts were excluded
because of unavailable or incomplete information,
acquisition of A. baumannii from other hospitals, or
A. baumannii was isolated within 48 hours after
hospital admission.
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Risk factors
The results of the case-control study indicated

that prolonged hospitalization was associated with
IRAB infection or colonization. When hospital stay
extended from less than one week to 1-2 weeks and
more than two weeks, the odds of IRAB acquisition
increased from 1.60 to 2.36 times compared to ISAB.
These associations were statistically significant at the
level of less than 0.05 (Table 4).

Medical patients (internal medicine and
pediatric) were at a higher risk of IRAB acquisition
than surgical patients. Previous admission to ICU or
RCU was associated with subsequent IRAB acquisi-
tion and the associations increased with the duration
of stay in these units.

CI: Confidence interval

Specimens Total isolates Resistant strains isolated Percentage   95%CI

Sputum        1256                  458      36.5 33.8-39.2
Wound pus          381                  149      39.1 34.2-44.2
Urine          257                    68      26.5 21.2-32.3
Blood          109                    24      22.0 14.6-31.0
Pleural fluid            45                    15      33.3 20.0-49.0
Peritoneal fluid            23                      6      26.1 10.2-48.4
Cerebrospinal fluid            19                      8      42.1 20.3-66.5
Others            40                    12      30.0 16.6-46.5
Total        2130                  740      34.7 32.7-36.8

Table 1. Proportions of imipenem-resistant A. baumannii isolated from various specimens

ICU: Intensive care unit, RCU: Respiratory care unit, PICU: Pediatric intensive care unit, NICU: Neonatal intensive care
unit, CI: Confidence interval

Patient ward Total isolates Resist strains isolated Percentage   95%CI

ICU          397                  198      49.9 44.8-54.9
RCU          247                  126      51.0 44.6-57.4
Medicine (male)          283                  109      38.5 32.8-44.5
Surgery          313                    91      29.1 24.1-34.4
Trauma-Neurosurgery          245                    83      33.9 28.0-40.2
Medicine (female)          174                    41      23.6 17.5-30.6
PICU and NICU          135                    32      23.7 16.8-31.8
Pediatric          100                    17      17.0 10.2-25.8
Orthopaedic            63                    23      36.5 24.7-49.6
Others          152                    15        9.9   5.6-15.8
Unavailable information            21                      5      23.8   8.2-47.2
Total        2130                  740      34.7 32.7-36.8

Table 2. Proportions of IRAB isolated in various patient wards

Percentage of sensitive isolated
Antibiotics

IRAB ISAB

Gentamicin   21.4   63.8
Amikacin   44.8   75.2
Ampicillin     -     3.4
Cephalothin     0.3     0.8
Cefoxitin     -     4.0
Ceftazidime     5.6   60.6
Ceftriaxone     0.3     6.9
Meropenem     - 100.0
Ciprofloxacin     6.1   67.9
Cotrimoxazole   20.9   58.0
Sulperazone   41.2   95.4

Table 3. Antibiotic susceptibility of IRAB and ISAB
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The patients with a prolonged device-day
were related to subsequent IRAB acquisition, particu-
larly with ventilation support, central venous catheter
indwelling, and urinary catheterization. Previous anti-
biotic administration was associated with IRAB acqui-
sition, both in term of number and the duration of use.
The prior use of antibiotics that were significantly
associated with subsequent IRAB acquisition was

imipenem and cephalosporins. Imipenem was the anti-
biotic that had the strongest association with IRAB
acquisition (OR = 4.37; 95% CI = 2.80-6.82).

Stepwise multiple logistic regression analysis
revealed that previous admission to ICU and RCU were
independently associated with IRAB acquisition as well
as the number of prior antibiotic administration and
previous use of imipenem (Table 5).

Factors IRAB   n   % Odds ratio  95%CI p-value*

Hospital stay
< 1 week    60 314 19.1      1        -
1-2 weeks    79 271 29.2      1.74 1.12-2.56   0.005
> 2 weeks  121 314 38.5      2.65 1.85-3.81 <0.001

Male  168 545 30.8      1.27 0.94-1.71 >0.05
Age more than 65 years  101 308 32.8      1.33 0.98-1.79 >0.05
ASA score more than 3    66 217 30.4      1.10 0.79-1.53 >0.05
Medical patient  147 461 31.9      1.35 1.01-1.80   0.04
Neutropenia    15   30 50.0      2.55 1.23-5.29   0.01
Previously admission to

ICU  107 270 39.6      2.04 1.51-2.77 <0.001
RCU    59 117 50.4      2.94 1.98-4.37 <0.001
PICU    15   65 23.1      0.72 0.40-1.31 >0.05
NICU      3     7 42.9      1.85 0.41-8.34 >0.05

Duration of prior admission to ICU
None  153 629 24.3      1        -
1-7 days    73 201 36.3      1.77 1.26-2.49   0.001
> 7 days    34   69 49.3      3.02 1.82-5.01 <0.001

Duration of prior admission to RCU
None  201 782 25.7      1        -
1-7 days    29   59 49.2      2.79 1.64-4.77 <0.001
> 7 days    30   58 51.7      3.10 1.81-5.31 <0.001

Device-day
No device    40 181 22.1      1        -
1-7 days    83 345 24.1      1.12 0.73-1.72 >0.05
More than 2 weeks  137 373 36.7      2.05 1.36-3.08   0.001

Ventilation supported  177 549 32.2      1.53 1.13-2.08   0.006
Central-line indwelling    84 241 34.9      1.47 1.07-2.01   0.02
Urinary catheter retaining  181 569 31.8      1.48 1.09-2.02   0.01
Antibiotic-day

No antibiotic    23 161 14.3      1        -
1-2 weeks  150 541 27.7      2.30 1.42-3.72   0.001
More than 2 weeks    87 197 44.2      4.75 2.81-8.01 <0.001

Number of antibiotics
No antibiotic    20 150 13.3      1        -
1-3 antibiotics  127 503 25.2      2.20 1.32-3.66   0.003
More than 3 antibiotics  113 246 45.9      5.52 3.23-9.41 <0.001

Imipenem administered    55   92 59.8      4.37 2.80-6.82 <0.001
Cephalosporins administered  205 626 32.7      1.93 1.37-2.71 <0.001

Table 4. Factors associated with IRAB acquisition, derived from univariate analysis

* Chi-square or Fisher’s exact test, ICU: Intensive care unit, RCU: Respiratory care unit, PICU: Pediatric intensive care unit,
NICU: Neonatal intensive care unit, CI: Confidence interval
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Fig. 1 Temporal trend of imipenem-resistant A. baumannii isolated and amount of imipenem consumption in the hospital

Prognostic factors
In order to assess the effect of imipenem

resistance on the mortality outcome of the patients
in various groups, the authors compared the mortality
rates between the patients with IRAB and the patients
with ISAB by means of stratification.

Among 899 hospital admissions, 242 patients
who died in the hospital yielding an overall mortality
rate of 26.9%. The mortality rate of the patients with
IRAB (33.8%) was significantly (p = 0.003) higher than
the patients with ISAB (24.1%) given the odds ratio of

1.61 (95% CI = 1.18-2.21). The difference of fatality
rates was highest among the patients who acquired
bloodstream infections (73.3% vs. 13.0%) (Table 6).
Infection or colonization by IRAB was also associated
with a significantly higher mortality rate when compared
to ISAB in patients younger than or equal to 65 years
of age. In the patients with less severity of illness (ASA
1-3), in the patients with prior hospital stay of more
than two weeks, in the medical patients, in nonneutro-
penic patients, in patients with previously admission
to the ICU, and in the patients who received more than
three antibiotics prior to A. baumannii acquisition.

The univariate analysis identified 16 factors
that were statistically significantly associated with
patient mortality, including prolonged hospital stay,
male sex, ASA score more than three, medical patient,
neutropenia, previous admission to the ICU or the
RCU, previous ventilation support, prior central-line
catheter indwelling, greater number of or duration of
antibiotics, prior receiving imipenem, prior receiving
cephalosporins, and the presence of A. baumannii
pneumonia.

After control for the effect of other covariates
by means of stepwise multiple logic regression analysis,
six prognosis factors remained statistically significant.
These included:- medical patient, ASA score more than
3, prior hospital stay more than two weeks, presence of
prior central venous line, prior receiving more than three
antibiotics, and A. baumanii pneumonia (Table 7).

 OR  95%CI p-value

Hospital stay
< 1 week 1        -
1-2 weeks 1.39 0.93-2.07 >0.05
> 2 weeks 1.46 0.97-2.22 >0.05

Neutropenia 1.82 0.83-4.01 >0.05
Previously admission to

ICU 1.63 1.18-2.25   0.003
RCU 2.21 1.44-3.37 <0.001

Number of antibiotics
No antibiotic 1        -
1-3 antibiotics 1.83 1.08-3.08   0.02
More than 3 antibiotics 2.92 1.61-5.31 <0.001

Imipenem administered 2.12 1.27-3.54   0.004

Table 5. Association between risk factors and acquisition
of IRAB, derived from multivariate analysis
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Discussion
There was an outbreak of IRAB in Songkla-

nagarind Hospital starting in July 2003. It was not
until September 2005, more than two years later,
that the present study was conducted to document the
outbreak. This reflects the defect in the nosocomial

surveillance system that it could not detect earlier the
abnormal increase of multidrug resistant organisms in
the hospital.

The outbreak was likely related to increasing
antibiotic pressure particularly imipenem. The amount
of imipenem used in the hospital had increased con-

Prognosis factors           IRAB           ISAB  OR  95%CI p-value

 N Die  %  N Die  %

Male 168   50 29.8 377   83 22.0   1.50 0.99-2.26 >0.05
Age < 65 years 159   56 35.2 432 100 23.1   1.81 1.22-2.68   0.003
Age > 65 years 101   32 31.7 207   54 26.1   1.31 0.78-2.21 >0.05
ASA score

1-3 194   55 28.4 488   92 18.9   1.70 1.16-2.51   0.007
4-5   66   33 50.0 151   62 41.1   1.44 0.80-2.57 >0.05

Hospital stay
< 1 week   60   17 28.3 254   51 20.1   1.57 0.83-2.98 >0.05
1-2 weeks   79   21 26.6 192   45 23.4   1.18 0.65-2.16 >0.05
> 2 weeks   50 121 41.3   58 193 30.1   1.63 1.02-2.64   0.041

Hospital services
Medical patient 147   67 45.6 314 102 32.5   1.74 1.17-2.60   0.007
Surgical patient 113   21 18.6 325   52 16.0   1.20 0.69-2.97 >0.05

Total neutrophils count
< 500 cells/mL   15     8 53.3   15     7 46.7   1.31 0.31-5.48 >0.05
> 499 cells/mL 245   80 32.7 624 147 23.6   1.57 1.14-2.18   0.006

Previously admission to
ICU 107   45 42.1 163   43 26.4   2.03 1.21-3.40   0.008
RCU   59   23 39.0   58   19 32.8   1.31 0.61-2.80 >0.05

Ventilation supported 177   64 36.2 372 105 28.2   1.44 0.98-2.11 >0.05
Central-line indwelling   84   34 40.5 157   51 32.5   1.41 0.82-2.45 >0.05
Antibiotic-day

No antibiotic   23     8 34.8 138   28 20.3   2.10 0.81-5.43 >0.05
1-2 weeks 150   45 30.0 391   88 22.5   1.48 0.96-2.25 >0.05
More than 2 weeks   87   35 40.2 110   38 34.5   1.28 0.71-2.28 >0.05

Number of antibiotics
No antibiotic   20     7 35.0 130   23 17.7   2.51 0.90-6.97 >0.05
1-3 antibiotics 127   26 20.5 376   88 23.4   0.84 0.51-1.38 >0.05
More than 3 antibiotics 113   55 48.7 133   43 32.3   1.98 1.18-3.33   0.009

Imipenem administered   55   27 49.1   37   15 40.5   1.41 0.61-3.28 >0.05
Cephalosporins administered 205   71 34.6 421 118 28.0   1.36 0.95-1.95 >0.05
Sites of infections or colonization

Bloodstream infection   15   11 73.3   46     6 13.0 18.33 4.39-76.63 <0.001
Pneumonia   64   29 45.3   96   35 36.5   1.44 0.76-2.75 >0.05
Tracheobronchitis   67   23 34.3 214   58 27.1   1.41 0.78-2.53 >0.05
Open wound or drain   39     5 12.8   36     7 19.4   0.86 0.24-3.07 >0.05
Skin   10     1 10.0   20     1   5.0   2.11 0.12-37.72 >0.05
Urinary tract infection   17     2 11.8   55   12 21.8   0.48 0.10-2.39 >0.05
Colonization   49   14 28.6 151   31 20.5   1.55 0.12-37.72 >0.05
Other sites     9     3 33.3   21     4 19.0   2.13 0.36-12.38 >0.05

Overall 260   88 33.8 639 154 24.1   1.61 1.18-2.21   0.003

Table 6. Mortality rates associated with imipenem resistance stratified by various prognostic factors
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tinuously for about one year before the outbreak
(Fig. 1). This phenomenon of an increasing frequency
of IRAB following an increasing amount of imipenem
consumption can also be found in other reports(6,22-25).
The present study also demonstrated that receiving
imipenem was an independent risk factor of IRAB
acquisition in the hospital (Table 4). The association
between imipenem and IRAB acquisition remained
statistically significant after controlling for other inde-
pendent factors while the use of cephalosporins was
not (Table 5). The combined effect of other antibiotics
may also exert selective pressure on the bacteria
harboring in the patients. As can be seen from Table 3
the antibiotic susceptibility of IRAB was lower than
the ISAB in every antibiotic tested. Administration of
any antibiotics to the patient will increase the chance
to get rid of ISAB more than IRAB. This could be an
explanation for the association between receiving
more than three antibiotics and the risk of IRAB acqui-
sition (Table 7).

The present study was performed as an initial
investigation into the outbreak of IRAB. The investi-
gation was conducted by means of a retrospective
study, so an environmental culture survey was not
done to identify the reservoir of IRAB. However, there
was evidence from at least three of the results of the
present study that indicated that the mechanical venti-
lators were the most probable sources of IRAB. First,
the sputum was the most common clinical specimen
from which the IRAB were isolated (Table 1). Second,
IRAB was most prevalent in the RCU where mechani-
cal ventilators were applied to most of the patients
(Table 2). Third, IRAB was found significantly more
often in the group of patients with mechanical ventila-
tion support than ISAB (Table 4).

The respiratory tract was the most frequent
site where both IRAB and ISAB were isolated. This
may be due to the ability of A. baumannii to adhere
well to bronchial epithelium(26). And this ability does
not appear to be different between epidemic and non-
epidemic strains. Then even though, in univariate
analysis, there was a significant difference between
frequency isolation of IRAB and ISAB in patients with
ventilation support, (Table 4) the significance dis-
appeared after multivariate analysis (Table 5).

Imipenem resistance could create a serious
problem in the clinical treatment of A. baumannii
infection. The resistance was not only confined to
imipenem but also to other antibiotics as well (Table 3).
Nor could any other empirical antibiotic be adminis-
tered with confidence even with sulfoperazone or
amikacin. Furthermore, 14.8% of all the IRAB isolates
were panantibiotic-resistant.

The findings of the case-control and cohort
study in the present study should be interpolated in
the context of the study design.

First, because the present study compared
IRAB with ISAB, the difference between cases and
controls should be interpreted as the results from the
difference between imipenem resistance and imipenem
susceptibility. The independent factors should be
viewed as the factors that promoted the acquisition
of a resistant strain rather than the susceptible one.
The way that the authors selected controls from
the patients with ISAB is different from some of the
previous studies(8,15,17,27-30), and the same as some pre-
vious studies(6,13,33).

Second, the authors combined the patients
with infection or colonization into the same group.
Theoretically, some of the risk factors for infection may
be different from colonization. Doing this may bias the
association toward unity and some risk factors may go
undetected. The authors merged infection and coloni-
zation into the same group because it is usually diffi-
cult to differentiate between infection and colonization
in a retrospective study.

Third, the authors limited the analysis to the
first positive culture of A. baumannii only. Doing this
might exclude the information of the subsequent
IRAB acquisition that followed the ISAB and lessen
the difference between the IRAB and ISAB group. The
association between risk factors and IRAB acquisition
was then biased toward unity in the case-control study.
In the same way, the outcome difference between
IRAB and ISAB may be decreased, and the associa-
tion between resistant strain acquisition and mortality

Prognosis factors Odds  95%CI p-value
 ratio

ASA score 4-5  2.51 1.78-3.55 <0.001
Hospital stay > 2 weeks  1.53 1.07-2.20   0.02
Medical patient  2.82 2.01-3.95 <0.001
Central-line indwelling  1.52 1.06-2.17   0.02
Received more than  1.64 1.13-2.39   0.009
 3 antibiotics
A. baumanii Pneumonia  2.00 1.36-2.95 <0.001

CI: Confidence interval

Table 7. Factors associated with hospital mortality in the
patients who acquired A. baumannii. Data derived
from multivariate analysis
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outcome may be biased toward unity. Then the
authors could not demonstrate that IRAB was a risk
factor for mortality in multivariate analysis (Table 7).
In the situation that the second episode of acquiring
the same pathogen can rarely occur such as in the
bloodstream infection, the authors documented that
patients with IRAB bloodstream infections had a
significantly higher fatality rate than patients with
ISAB bloodstream infections (Table 6).

Fourth, because the authors defined the
independent variables as the factors that the patients
were exposed to before A. baumannii acquisition,
then the information after that was not available for
analysis. This could produce a significant effect in
the cohort study. For example, the authors could not
evaluate and control the effect of the appropriateness
of A. baumannii treatment. So the influence of the
other factors, which could lead to mortality, may not be
completely controlled.

In conclusion, the present study shows that
the outbreak may be due to increasing antibiotic selec-
tive pressure especially imipenem and the outbreak
confined mainly to the patients in the ICU and the
RCU. The excess patient mortality rate attributable to
IRAB could not be demonstrated.
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การระบาดของเช้ือ Acinetobacter baumannii ท่ีด้ือต่อยา imipenem ในโรงพยาบาลสงขลานครินทร์:
ปัจจัยเส่ียงและพยากรณ์โรค

สีลม  แจ่มอุลิตรัตน์, สมจิตร์  ทองปิยะภูมิ, นงลักษณ์  สุวลักษณ์

การศึกษาถึงปัจจัยที่มีผลต่อการพบเชื้อ Acinetobacter baumannii ที่ดื้อต่อยา imipenem (IRAB) และ
ปัจจัยที่อิทธิพลต่อการพยากรณ์โรคของผู้ป่วย ได้ทำการศึกษาในผู้ป่วยที่รับเข้ารักษาในโรงพยาบาลสงขลานครินทร์
ซึ่งเป็นโรงพยาบาลมหาวิทยาลัย ขนาด 850 เตียง ซึ่งทำหน้าที่เป็นสถานฝึกอบรมและส่งต่อผู้ป่วยของภาคใต้ของ
ประเทศไทย การศึกษาทำในช่วงกรกฎาคม พ.ศ. 2546 ถึง กันยายน พ.ศ. 2548 โดยใช้วิธีการศึกษาแบบ case-
control และแบบ cohort ผลการศึกษาพบว่า มีการแยกได้เชื้อ A. baumannii 2,130 ครั้ง จากผู้ป่วย 1,237 ราย
ในจำนวนนี้สามารถค้นเวชระเบียนผู้ป่วยเพื่อศึกษาได้ 899 ราย และจากวิธีการศึกษาแบบ case-control และ
วิเคราะห์ข้อมูลแบบ multiple logistic regression พบว่า ปัจจัยท่ีมีความสัมพันธ์กับการพบเช้ือ IRAB อย่างนัยสำคัญ
ทางสถิติ คือ การเข้าพักรักษาตัวในหออภิบาลผู้ป่วยอายุรกรรมและศัลยกรรม การเข้าพักรักษาตัวในหออภิบาลผู้ป่วย
ทางเดินหายใจ การได้รับยาปฎิชวีนะหลายชนิด และการได้รับยา imipenem ผลการศึกษาแบบ cohort พบว่าอัตรา
ตายของผู้ป่วยท่ีพบเช้ือด้ือยา imipenem เท่ากับร้อยละ 33.8 ซ่ึงสูงกว่าอัตราตายในผู้ป่วยท่ีพบเช้ือไม่ด้ือยาคือร้อยละ
24.1 อย่างมีนัยสำคัญทางสถิติ ซ่ึงเม่ือเปรียบเทียบกันด้วยวิธีวิเคราะห์แบบ univariate จะได้ค่า odds ratio เท่ากับ
1.6 (95%CI = 1.2-2.2) แต่เมื่อปรับปัจจัยที่เกี่ยวข้องอื่น ๆ ด้วยวิธีวิเคราะห์แบบ multivariate แล้วกลับไม่พบว่า
การพบเชื้อ IRAB ทำให้อัตราตายสูงขึ้นจนถึงระดับที่มีนัยสำคัญทางสถิติ


