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M A J O R A R T I C L E

A Multifaceted Intervention to Reduce Pandrug-
Resistant Acinetobacter baumannii Colonization and
Infection in 3 Intensive Care Units in a Thai Tertiary
Care Center: A 3-Year Study

Anucha Apisarnthanarak,1 Uayporn Pinitchai,2 Kanokporn Thongphubeth,1 Chananart Yuekyen,1 David K. Warren,3

and Victoria J. Fraser,3 for the Thammasat University Pandrug-Resistant Acinetobacter baumannii Control Group
1Division of Infectious Diseases and Infection Control and 2Medical Intensive Care Unit, Thammasat University Hospital, Pratumthani, Thailand;
and 3Division of Infectious Diseases, Washington University School of Medicine, St. Louis, Missouri

Background. We sought to determine the long-term effect of a multifaceted infection-control intervention to
reduce the incidence of pandrug-resistant Acinetobacter baumannii infection in a Thai tertiary care center.

Methods. A 3-year, prospective, controlled, quasi-experimental study was conducted in medical intensive care,
surgical intensive care, and coronary care units for a 1-year period before intervention (period 1), a 1-year period
after intervention (period 2), and a 1-year follow-up period (period 3). The interventions in period 2 included
strictly implementing contact isolation precautions and appropriate hand hygiene, active surveillance, cohorting
patients who were colonized or infected with pandrug-resistant A. baumannii, and environmental cleaning with
1:100 sodium hypochlorite solution. All interventions were continued in period 3, but environmental cleaning
solutions were changed to detergent and phenolic agents.

Results. Before the intervention, the rate of pandrug-resistant A. baumannii colonization and/or infection was
3.6 cases per 1000 patient-days. After the intervention, the rate of pandrug-resistant A. baumannii colonization
and/or infection decreased by 66% in period 2 (to 1.2 cases per 1000 patient-days; ) and by 76% in periodP ! .001
3 (to 0.85 cases per 1000 patient-days; ). The monthly hospital antibiotic cost of treating pandrug-resistantP ! .001
A. baumannii colonization and/or infection and the hospitalization cost for each patient in the intervention units
were also reduced by 36%–42% ( ) and 25%–36% ( ), respectively, during periods 2 and 3.P ! .001 P ! .001

Conclusions. A multifaceted intervention featuring active surveillance and environmental cleaning resulted in
sustained reductions in the rate of pandrug-resistant A. baumannii colonization and infection, the cost of antibiotic
therapy, and the cost of hospitalization among intensive care unit patients in a developing country.

Pandrug-resistant (PDR) Acinetobacter baumannii has

emerged as an important cause of both endemic nos-

ocomial infections and epidemic outbreaks [1–4]. In

Thailand, PDR A. baumannii has become an important

cause of nosocomial infection, especially in intensive

care units (ICUs) [5]. Outbreak investigations dem-

onstrate that the main modes of transmission are en-

vironmental contamination and hand carriage by health

Received 18 March 2008; accepted 19 May 2008; electronically published 6
August 2008.

Reprints or correspondence: Dr. Anucha Apisarnthanarak, Div. of Infectious
Diseases, Thammasat University Hospital, Pratumthani, Thailand, 12120
(anapisarn@yahoo.com).

Clinical Infectious Diseases 2008; 47:760–7
� 2008 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2008/4706-0005$15.00
DOI: 10.1086/591134

care workers (HCWs) [6–8]. Risk factors for PDR A.

baumannii include use of broad-spectrum antibiotics,

prolonged hospitalization, receipt of mechanical ven-

tilation, being hospitalized in a trauma ICU, and the

use of pulsatile lavage wound irrigation [9–14]. There-

fore, strict infection-control measures and the rational

use of antibiotics are crucial to prevent the spread of

PDR A. baumannii [2, 8]. Although infection-control

interventions to prevent PDR A. baumannii transmis-

sion during an outbreak have been reported [15], no

study has evaluated the long-term impact of infection-

control interventions designed to limit PDR A. bau-

mannii infection and colonization.

At Thammasat University Hospital, from 1 January

2005 through 31 December 2005, an increase in the

rate of PDR A. baumannii infection and colonization
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was identified in the medical ICU (MICU), surgical ICU (SICU)

and coronary care unit (CCU) (to 3.6 cases per 1000 patient-

days). Although the increase was not statistically significant,

this represented a 42% increase in the rate of PDR A. baumannii

infection and colonization, compared with the rate during the

previous 12 months (2.1 cases per 1000 patient-days; ).P p .10

During this period (1 January 2005 through 31 December

2005), cultures of samples obtained from respiratory equipment

and intravenous and other fluid solutions failed to identify a

common source of infection. We sought to determine the long-

term effect of multifaceted infection-control interventions, fea-

turing active surveillance cultures (ASCs) and environmental

cleaning, to prevent transmission of PDR A. baumannii.

PATIENTS AND METHODS

Setting and patients. Thammasat University Hospital is a

500-bed university hospital located in central Thailand. There

are 3 ICUs, each of which has 8 beds. These are the MICU,

SICU, and CCU, each of which has ∼450 admissions per year.

These ICUs are multibed open wards in which multidisciplinary

teams provide patient care. There are ∼35 HCWs caring for

patients in each unit. Nurses and respiratory therapists do not

rotate between ICUs. The same infectious disease consultant

(IDC) evaluated patients in these units in all study periods.

The estimated patient-to-nurse ratio in the ICUs was 2:1. The

study population consisted of all consecutive patients admitted

to the 3 ICUs from 1 January 2005 through 31 December 2007.

The study consisted of a 12-month baseline observation period

(1 January 2005–31 December 2005; period 1), followed by a

12-month intervention period (1 January 2006–31 December

2006; period 2) and a 12-month follow-up period (1 January

2007–31 December 2007; period 3). The intervention was per-

formed in the MICU, SICU, and CCU. During the study period,

basic infection-control measures, including hand hygiene and

contact precautions, were standard practice to prevent noso-

comial transmission of drug-resistant microorganisms in this

hospital. An antibiotic-control program was established in this

hospital in July 2004 for 4 major classes of antibiotics (third-

generation cephalosporins, b-lactam/b-lactamase inhibitors,

glycopeptides, and carbapenems) [16]. The antibiotic-control

program did not change during the study [17]. No other pro-

tocols aimed at influencing the rates of PDR A. baumannii were

introduced during the study. The medical and nursing lead-

ership of each unit and the patient-to-nurse ratios in the ICUs

remained constant during the study period.

Definition and data collection. PDR A. baumannii was

defined as an A. baumannii isolate that was resistant to all

currently available systemic antibiotics, including cephalospo-

rins, aztreonam, carbapenems, aminoglycosides, fluoroquino-

lones, and sulbactam (except polymyxin B). Bacterial isolation

and antimicrobial susceptibility testing were performed in ac-

cordance with Clinical and Laboratory Standards Institute

methodology [18]. Nosocomial infection was defined using

Centers for Disease Control and Prevention definitions [19].

Nosocomial acquisition of PDR A. baumannii was defined as

detection of this microorganism by ASC 148 h after ICU ad-

mission, following a negative ASC result obtained at ICU ad-

mission. Case patients were defined as patients with nosocomial

colonization and/or infection due to PDR A. baumannii iden-

tified by clinical cultures 148 h after admission to the study

ICUs. Sustained reduction was defined as a persistent reduction

in any measured outcomes of interest. The antibiotic use den-

sity for inpatients was recorded as the total number of grams

of the drug, and the value was converted into defined daily

doses per 1000 patient-days, in accordance with the recom-

mendations of the World Health Organization [20]. Data on

the number of patient admissions and patient-days were sup-

plied by the hospital’s medical records database system.

In all units, PDR A. baumannii colonization and infection

rates were prospectively tracked by the same infection-control

specialist (ICS) throughout the study and were expressed as

cases of PDR A. baumannii colonization and infection per 1000

patient-days. The data collected included patient demographic

characteristics, underlying diseases, severity of illness (measured

by Acute Physiology and Chronic Health Evaluation II

[APACHE-II] score), the occurrence of PDR A. baumannii col-

onization and/or infection, compliance with infection-control

processes (e.g., ASC and environmental cleaning), cost of an-

tibiotics to treat PDR A. baumannii infection, and the cost of

hospitalization. The use of antibiotics to treat PDR A. bau-

mannii colonization and infection was determined by chart

reviews conducted by an IDC after excluding other possible

indications. The antibiotic use categories were modified from

Kunin et al. [21] and were strictly observed using a checklist

[16, 17]. Costs, rather than charges, were used for each patient.

The cost accounting database uses a set-down allocation

method to calculate costs, which include indirect, direct, and

fixed costs. All patient charge codes received during the hos-

pitalizations were recorded, and the departmental cost for each

charge code was calculated on the basis of each department’s

actual cost components multiplied by the charges for that code,

divided by the total departmental charges. Costs were summed

across each department to provide total hospital costs for each

hospitalization. Only hospital-associated costs were included in

analysis; physician costs were not included. Antibiotic costs

were calculated on the basis of the actual dosage given to the

patients and were based on the purchase price to the institution,

without administration costs. All costs were converted to US

dollars at an exchange rate of 35 Thai baht to 1 US dollar.

Program design. During period 1 (1 January 2005–30 No-

vember 2005), an intervention team collected and analyzed

baseline data; no specific intervention was performed and no
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routine environmental cultures were obtained, apart from basic

infection-control measures. From 1 December 2005 through

31 December 2005, feedback of baseline data was given to

nursing staff and physicians in all ICUs by the intervention

team, and an action plan was developed. During period 2,

infection-control measures included: (1) implementation of en-

hanced contact isolation precautions (i.e., strict adherence to

hand hygiene protocol before and after patient care and don-

ning of gowns and gloves before patient care), (2) ASCs for

PDR A. baumannii, (3) cohorting patients with PDR A. bau-

mannii in a single section of the unit, and (4) environmental

cleaning with 1:100 sodium hypochlorite solution. Similar in-

fection-control measures were continued during period 3.

Hand hygiene was promoted during periods 2 and 3 using

educational sessions (performed every 4 months), posters to

encourage hand hygiene with alcohol gel, and monthly feedback

of handwashing compliance and PDR A. baumannii coloni-

zation and infection rates. Environmental cleaning with 1:100

sodium hypochlorite solution was performed on bed rails,

sinks, overbed tables, infusion pumps, and surrounding counter

tops. Daily environmental cleaning with 1:100 sodium hypo-

chlorite solution was performed during the first 6 months of

period 2 and was replaced by cleaning with detergent and phe-

nolic agents (for surface contaminated with body fluid and/or

blood) until the end of period 3. Because the optimum ana-

tomical site to screen for PDR A. baumannii carriage is not

known, ASCs for PDR A. baumannii were performed using

surveillance cultures of tracheal aspirates and rectal swabs (if

culture of tracheal aspirate specimens had negative results) on

day 0, day 7, and every week until discharge from the ICU for

all patients who were admitted to the intervention units. Con-

tact isolation was employed for all patients with results positive

for PDR A. baumannii (identified either by ASC or clinical

culture) and for patients who had been recently discharged

from the ICU who had culture results positive for PDR A.

baumannii until there was evidence of clearance (defined as 3

culture-negative specimens obtained from sites from which cul-

ture-positive specimens had previously been obtained). All ba-

sic infection-control measures (i.e., adherence to hand hygiene

before and after patient care and donning of gowns and gloves

before patient care) were continuously monitored using stan-

dardized observation forms during period 3. All patients in

these ICUs were intubated. The intervention team included a

representative from the hospital administration, an IDC, a clin-

ical microbiologist, ICU attending physicians and chief nurses

from intervention units, 2 ICSs, and a hospital epidemiologist.

Monitoring adherence to infection-control measures.

Adherence to infection-control measures was prospectively

monitored in all units by the same ICS throughout the study.

The ICS observed housekeepers cleaning beds throughout the

study, including on weekends and/or on the night shift. We

noted whether environmental sites (e.g., bed rails, over-bed

tables, infusion pumps, clean countertops, and soiled counter-

tops) were cleaned and recorded the results as “cleaned (during

observation),” “not cleaned (during observation),” “not appli-

cable” (i.e., item not present), or “not observed.” Per week, the

fraction of items scored as “cleaned” and “not cleaned” was

calculated. Hand hygiene observations were made by the same

ICS in each unit at various times of day. Hand hygiene obser-

vations began when a HCW entered the intervention unit and

was observed in an activity that involved contact with a patient

or their environment and ended when that HCW completed

the activity. Monitored variables included hand hygiene (with

soap and water or with alcohol gel) before and after contact

with the patient or environment, plus donning gowns and

gloves for interacting with patients who were in contact

isolation.

Statistical analysis. Categorical variables were compared

using the x2 test or Fisher’s exact test, as appropriate. Normally

distributed continuous variables were expressed as means

(�SDs). Student’s t test was used to compare continuous var-

iables. Trend analysis was performed to evaluate the overall

pattern of changes on outcomes of interest over time using

interrupted time series, with segmented regression analysis per-

formed using SPSS, version 12.0 (SPSS). All tests were 2-tailed.

was considered to be statistically significant.P ! .05

RESULTS

Patient demographic characteristics. There were 4071 pa-

tients enrolled during the entire study period (1363 patients in

the MICU, 1462 in the SICU, and 1246 in the CCU). The mean

age of the patients was 51 years (range, 15–89 years). The

patient characteristics, underlying diseases, APACHE-II score,

duration of hospital stay, number of admissions per unit, and

number of patients who were placed on contact isolation are

summarized in table 1. There were no significant differences

in patient characteristics between the study periods.

Active surveillance and antimicrobial use. A total of 6965

tracheal aspirate cultures and rectal swab cultures were obtained

at ICU admission in all intervention units. Ninety-five pnwoer-

cent of the patients’ medical records (2578 of 2714 patients)

had documentation of ASCs being ordered (in all cases, within

4 h after ICU admission). Eighty-eight percent of patients ad-

mitted to the intervention units (2388 of 2714 patients) had

11 ASC performed (326 [12%] did not have an ASC performed

because of a hospital stay !24 h in duration), and 1927 (71%)

had 11 ASC performed. Daily proportions of patients in the

intervention units who were colonized with PDR A. baumannii

ranged from 4% to 50%. The mean colonization pressure

(�SD) decreased during the 3 study periods, from 0.36 �

patients per day in period 1 to patients per0.18 0.24 � 0.12

day in period 2 ( ) and patients per day inP ! .001 0.12 � 0.05
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Table 1. Characteristics of patients with pandrug-resistant Acinetobacter baumanii infection and colonization
in intervention intensive care units, by study period.

Characteristic
Period 1

(n p 1357)
Period 2

(n p 1273)
Period 3

(n p 1441)

Age, mean years � SD 51 � 9 53 � 8.4 50 � 9.1
Female sex 650 (48) 606 (48) 700 (49)
Source of patient

Home 814 (60) 738 (58) 879 (61)
Other unit in the hospital 339 (25) 331 (26) 331 (23)
Transfer from outside hospital 204 (15) 204 (16) 231 (16)

Underlying disease
Cardiovascular disease 204 (15) 216 (17) 231 (16)
Gastrointestinal disease 366 (27) 356 (28) 365 (25)
Diabetes 475 (35) 344 (27) 490 (34)
Cerebrovascular disease 204 (15) 178 (14) 202 (14)
Immunocompromised state 244 (18) 204 (16) 259 (18)
Malignancy 136 (10) 102 (8) 159 (11)

Source of Acinetobacter baumannii infection and colonization
Bloodstream 14/53 (26) 4/17 (24) 3/13 (23)
Urinary tract 4/53 (8) 1/17 (6) 1/13 (8)
Pulmonary 31/53 (58) 11/17 (65) 8/13 (62)
Othera 4/53 (8) 1/17 (6) 1/13 (8)

Admission rate, mean no. of patients admitted per day 3.7 3.5 3.9
APACHE-II score, mean score � SD 17 � 5 17 � 4 18 � 5
Total no. of patient-days 14,650 14,456 15,410
Daily occupancy, mean patient-days � SDb 20.2 � 1.4 21 � 2.4 20 � 2.4
Duration of hospital stay, mean days � SD 10.4 � 4.7 11.5 � 3.5 10.6 � 3.5
Patients with contact isolation, mean no. of patients per day � SDc 8.8 � 1.9 5.5 � 2.1d 3.8 � 1.2d

NOTE. Data are no. (%) of patients, unless otherwise indicated. Period 1 was the baseline period (1 January 2005 through 31
December 2005), period 2 was the intervention period (1 January 2006 through 31 December 2006), and period 3 was the follow-
up period (1 January 2007 through 31 December 2007). Categorical variables were compared using the x2 or Fisher’s exact test,
as appropriate. A 2-tailed Student’s t test was performed to compare continuous variables. APACHE, Acute Physiology and Chronic
Health Evaluation.

a Includes skin and soft-tissue infections, intra-abdominal infections, and CNS infections.
b Because combined occupancy was counted, daily occupancy was 18 patient-days for each of the 8-bed intervention units.
c The statistically significant decrease in contact isolation days in the intervention units over time ( ) occurred because ofP p .02

reductions in the prevalence of multidrug-resistant A. baumannii infection and colonization.
d , compared with the intervention units during the same period.P ! .05

period 3 ( ) (table 2). Daily admission rates of patientsP ! .001

colonized or infected with PDR A. baumannii were 0.25 patients

per day in period 1, 0.20 patients per day in period 2, and 0.21

patients per day in period 3 ( ). The rate of PDR A.P p .45

baumannii acquisition decreased from 15.9 isolates per 1000

patient-days at-risk in period 2 to 11.9 isolates per 1000 patient-

days at-risk in period 3 ( ). There was no differenceP p .36

between any of the units with respect to the antimicrobial pre-

scribing pattern throughout the study.

Rate of PDR A. baumannii infection and colonization.

During period 1, there were 53 cases of PDR A. baumannii

colonization and infection (3.6 cases per 1000 patient-days) in

all ICUs. During period 2, the rate of PDR A. baumannii col-

onization and infection decreased by 66% (17 cases; 1.2 cases

per 1000 patient-days; ). This rate was further reducedP ! .001

by 76% (13 cases; 0.85 cases per 1000 patient-days; )P ! .001

in period 3 (figure 1). Rates of PDR A. baumannii colonization

and infection in individual ICUs are given in table 3. Segmented

regression analysis of the PDR A. baumannii colonization and

infection rates are given in table 4.

Cost of surveillance culture versus the monthly cost of hos-

pitalization and antibiotics for treatment of PDR A. bau-

mannii infection. The total cost for ASCs was $19,862 for

the entire study. The intervention resulted in a significant re-

duction in the total cost of antibiotics used to treat PDR A.

baumannii infection and in the cost of hospitalization (table

2). Compared with the costs in period 1, the monthly hospital

antibiotic costs to treat PDR A. baumannii infection and the

hospitalization costs for each patient in the intervention units

in periods 2 and 3 were reduced by 36%–42% (mean cost of

antibiotics, $3762 vs. $1722 vs. $1278; ) and 25%–36%P ! .001

(mean cost of hospitalization, $366 vs. $253 vs. $204; P !
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Table 2. Patients colonized or infected with pandrug-resistant (PDR) Acinetobacter baumannii,
infection-control compliance monitoring, and outcomes in intervention intensive care units.

Variable Period 1 Period 2 Period 3

Daily admission rate for patients with PDR A.
baumannii infection of colonization, no. of
cases per day 0.25 0.20 0.21

Ratio of PDR A. baumannii infection to
colonization to acquisition 1:2.7:NA 1:4.2:6.1 1:5.2:6.0

No. of patient-days at risk for PDR
A. baumannii infection or colonization 7404 6615 6741

Daily colonization pressurea, mean value � SD 0.36 � 0.18 0.24 � 0.12b 0.12 � 0.05b

Environmental cleaning
No. of observations … 166 165
Mean no. of observation per week � SD … 3 � 0.6 3 � 0.4
Environmental cleaning ratec, mean � SD … 0.85 � 0.08 0.83 � 0.09

Hand hygiene adherence
No. of observations 154 166 165
Hand hygiene adherence rate before and

after contactd, mean � SD 0.31 � 0.07 0.75 � 0.08b 0.54 � 0.10b

Hand hygiene adherence rate before and
after contact and glove and gown use,
mean � SD 0.24 � 0.02 0.63 � 0.02b 0.51 � 0.09b

Outcomes
Rate of PDR A. baumannii acquisitions,

isolate per 1000 patient-days at-risk … 15.9 11.9
Rate of PDR A. baumannii infection and

colonization (/1000 patient-days) 3.6 1.2b 0.85b

Monthly antibiotic cost for PDR A. baumanii
treatment (USD)e 3762 � 605 1722 � 96b 1278 � 87b

Hospitalization cost for each patient (USD)e 366 � 100 252 � 96b 204 � 88b

NOTE. P values are given for comparisons of period 1 to periods 2 or 3. Period 1 was the baseline period (1
January 2005 through 31 December 2005), period 2 was the intervention period (1 January 2006 through 31
December 2006), and period 3 was the follow-up period (1 January 2007 through 31 December 2007). NA, not
applicable.

a Daily colonization pressure is defined as the prevalence of patients colonized with PDR A. baumannii each
day.

b , compared with period 1.P ! .05
c Environmental cleaning rate is defined as the number of sites cleaned/total no. of sites observed.
d Hand hygiene adherence rate is defined as the no. of observations confirming adherence to hand hygiene

requirements/no. of observations.
e Estimated conversion rate, 35 baht to 1 US dollar.

), respectively. There were no antibiotic-related cost-cutting.001

measures introduced during the study period.

DISCUSSION

This study showed that a multifaceted infection-control inter-

vention can dramatically decrease the long-term incidence of

PDR A. baumannii infection and colonization, the hospital cost

of antibiotics for treatment of PDR A. baumannii infection,

and the cost of hospitalization. The change in slope without a

change in intercept in period 2 versus period 1 and in period

3 versus period 2 indicates a gradual rather than a sudden

decrease in PDR A. baumanii infection and colonization. This

intervention was well-accepted by housekeepers and intensive

care HCWs and was sustained for 2 years.

Infections caused by multidrug-resistant (MDR) A. bau-

mannii, particularly during outbreaks, usually represent the

“iceberg phenomenon” [11], in which ratios of infection to

colonization range from 1:3.5 to 1:12 [15, 22, 23]. In our study,

we identified an infection-to-colonization ratio of 1:2.7 in the

preintervention period. This ratio was reduced to 1:4.2 during

period 2 and 1:5.2 during period 3, despite ongoing admission

of patients with PDR A. baumannii infection and colonization

to the ICUs and only moderate rates of adherence to proper

hand hygiene. This study supports the effectiveness of ASCs to

help control MDR A. baumannii infection and colonization in

ICUs, as has been described elsewhere [11, 24].

Survival of Acinetobacter species on environmental surfaces

may be an important determinant of transmission [25]. Pre-



Interventions to Control PDR A. baumannii • CID 2008:47 (15 September) • 765

Table 3. Rate of pandrug-resistant Acinetobacter baumannii in-
fection and colonization among intervention intensive care units.

Unit

No. of cases per
1000 patient-days

Period 1 Period 2 Period 3

Medical intensive care 1.4 0.5a 0.4a

Surgical intensive care 1.2 0.45a 0.25a

Coronary care 1.0 0.25a 0.2a

NOTE. Period 1 was the baseline period (1 January 2005 through 31 De-
cember 2005). Period 2 was the intervention period (1 January 2006 through
31 December 2006). Period 3 was the follow-up period (1 January 2007 through
31 December 2007).

a , compared with period 1.P ! .05

Figure 1. Rates of pandrug-resistant Acinetobacter baumanii infection and colonization in 3 intensive care units. Period 1 was the baseline period
(1 January 2005 through 31 December 2005), period 2 was the intervention period (1 January 2006 through 31 December 2006), and period 3 was
the follow-up period (1 January 2007 through 31 December 2007).

vious studies have reported isolation of Acinetobacter species

from environmental sites in ICUs with high rates of endemic

colonization or during outbreaks [26–28]. The role of envi-

ronmental cleaning in controlling MDR A. baumannii has also

been emphasized in previous outbreaks of MDR A. baumannii

infection [15, 25, 29–31]. As a result, environmental cleaning

has been emphasized as one of the important parts of an ef-

fective infection-control strategy. The rationale for using so-

dium hypochlorite for environmental cleaning in our study was

based on the fact that (1) several studies have used 1:100 so-

dium hypochlorite to control MDR A. baumannii outbreaks

successfully [29–33], (2) existing data suggested that cleaning

floors with either detergent or disinfectant did not affect nos-

ocomial infection rates [34], and (3) a study reported that a

quaternary ammonium compound was inadequate for disin-

fecting bathrooms and toilets [29]. In contrast, studies have

suggested that hypochlorite-based environmental cleaning can

be associated with a reduced incidence of hospital-acquired

Clostridium difficile infection [35–37]. Although A. baumannii

does not form spores, the persistent survival of this pathogen

when desiccated is partly analogous to that of C. difficile [38].

However, because of the impact of sodium hypochlorite so-

lution on HCW’s skin and hospital surfaces [39], its use was

discontinued after 6 months, during period 2, after the rate of

PDR A. baumannii infection decreased significantly (figure 1).

Other important infection-control measures in our study

included cohorting, ASCs, enhanced contact isolation, and im-

provement in hand hygiene adherence. Notably, adherence to

hand hygiene improved early in period 2, perhaps as a result

of the Hawthorne effect, but decreased slightly during period

3, even with continuous education and feedback regarding hand

hygiene and PDR A. baumannii infection rates to HCWs. De-

spite only moderate hand hygiene adherence rates and con-

tinuing admission of patients with PDR A. baumannii colo-

nization and infection, the infection and colonization rate

decreased significantly during period 2 and remained low dur-

ing period 3. This study reemphasizes the role of multifaceted

infection-control interventions (e.g., ASCs, environmental

cleaning, contact isolation, and hand hygiene) to control the

spread of PDR A. baumannii. The difficulty of achieving high

levels of hand hygiene adherence in ICUs, which have high

workloads, is consistent with the findings of previous studies

[40, 41].

There are some limitations to this study. This was not a

randomized trial; therefore, other unmeasured factors might

have coincided with the intervention, resulting in lower infec-
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Table 4. Change in rates of pandrug-resistant Acinetobacter baumannii infection and coloni-
zation in intervention intensive care units from interrupted time series analysis, with segmented
regression analysis during the entire duration of the study.

Period comparison, hospital unit

Change in y-intercepta Change in slopeb

Mean value (95% CI) P Mean value (95% CI) P

Period 2 vs. period 1
All units �2.94 (�14.4 to 4.6) .46 �3.36 (�5.45 to �1.14) !.001
Medical intensive care �3.81 (�12.1 to 7.3) .51 �2.14 (�3.36 to �0.11) !.001
Surgical intensive care �2.29 (�11.9 to 3.7) .63 �1.71 (�2.12 to �0.21) !.001
Coronary care unit �3.1 (�10.5 to 4.6) .43 �1.62 (�2.04 to �0.24) !.001

Period 3 vs. period 2
All units �2.1 (�12.4 to 3.6) .36 �1.45 (�6.5 to �0.10) !.001
Medical intensive care �2.4 (�10.1 to 6.9) .41 �1.15 (�5.6 to 1.4) .20
Surgical intensive care �1.0 (�8 to 5.3) .54 �0.98 (�1.4 to 2.1) .25
Coronary care �1.5 (�6 to 4.6) .38 �0.64 (�1.81 to 3.6) .38

NOTE. Period 1 was a baseline period (1 January 2005 through 31 December 2005). Period 2 was the intervention
period (1 January 2006 through 31 December 2006). Period 3 was the follow-up period (1 January 2007 through
31 December 2007).

a The calculation of the sudden change y-intercept (immediate change) is based on the difference between the
intercept of the last point in the preintervention regression line and the first point in the postintervention line.

b The change in slope was calculated as the magnitude of change from the preintervention slope to the postin-
tervention slope.

tion and colonization rates. However, this bias is conservative,

because we collected the data for 12 months in each period to

control for possible seasonal variations, and the patients’ char-

acteristics in each period were comparable. Because all ICUs

in the hospital experienced an increase in PDR A. baumannii

infection and colonization rates, a comparable control ICU

could not be examined. The lack of environmental cultures and

of cultures of swab samples from HCWs’ hands make it difficult

to prove the significance of environmental contamination or

hand contamination in cross-transmission of PDR A. bau-

mannii in settings of endemicity. Because this intervention was

performed at a single medical center, these results may not be

applicable to other hospitals. However, the achievement of sim-

ilar effects in other settings suggests that the intervention may

be generalizable to other facilities [14, 25, 29–33]. Because sev-

eral interventions were made simultaneously, it is difficult to

know which of the specific interventions was the most effective

in controlling PDR A. baumannii infection and colonization.

Because the IDC responsible for the implementation of this

intervention also reviewed and recorded the use of antibiotics

for treatment of PDR A. baumannii infection and colonization,

bias may have been introduced, but the bias is conservative,

because the IDC was experienced and consistently used explicit

criteria and a checklist to monitor antibiotic use. Lastly, this

intervention was labor intensive, time-consuming for the ICS,

and required resources for ASC.

Despite these limitations, our study has broadened the sup-

port for the efficacy of multifaceted infection-control inter-

ventions to control PDR A. baumannii infection in a resource-

limited setting. Because treatment of PDR A. baumannii

infection can be associated with high morbidity, mortality, and

costs, these basic infection-control strategies remain key to the

control of PDR A. baumannii infection in developing countries.
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