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OBJECTIVE. To summarize the clinical burden (cumulative incidence, prevalence, case fatality rate and length of stay) and economic burden
(healthcare cost) of healthcare-associated infections (HAIs) due to multidrug-resistant organisms (MDROs) among patients in intensive care
units (ICUs) in Southeast Asia.

DESIGN. Systematic review.

METHODS. We conducted a comprehensive literature search in PubMed, EMBASE, CINAHL, EconLit, and the Cochrane Library databases
from their inception through September 30, 2016. Clinical and economic burdens and study quality were assessed for each included study.

RESULTS. In total, 41 studies met our inclusion criteria; together, 22,876 ICU patients from 7 Southeast Asian countries were included. The
cumulative incidence of HAI caused by A. baumannii (AB) in Southeast Asia is substantially higher than has been reported in other regions,
especially carbapenem-resistant AB (CRAB; 64.91%) and multidrug-resistant AB (MDR-AB) (58.51%). Evidence of a dose-response
relationship between different degrees of drug resistance and excess mortality due to AB infections was observed. Adjusted odds ratios were
1.23 (95% confidence interval [CI], 0.51-3.00) for MDR-AB, 1.72 (95% CI, 0.77-3.80) for extensively drug-resistant AB (XDR-AB), and 1.82
(95% CI, 0.55-6.00) for pandrug-resistant AB (PDR-AB). There is, however, a paucity of published data on additional length of stay and costs
attributable to MDROs.

coNcrLusioNs. This review highlights the challenges in addressing MDROs in Southeast Asia, where HAIs caused by MDR gram-negative
bacteria are abundant and have a strong impact on society. With our findings, we hope to draw the attention of clinicians and policy makers to
the problem of antibiotic resistance and to issue a call for action in the management of MDROs.
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Healthcare-associated infections (HAIs) are acquired while
receiving medical treatment in a healthcare facility." Patients
suffering from HAIs can encounter prolonged lengths of stay
(LOS), a decline in their quality of life, or in the worst case,
death.” According to Marchetti et al,” HAIs impose both
clinical and economic burdens on the healthcare system and
are some of the most devastating and costly illnesses world-
wide. Among Southeast Asian countries between 2000 and

2012, the pooled prevalence of HAI was reported to be
9.0% (95% confidence interval [CI], 7.2%-10.8%) with an
incidence density of 20 cases per 1,000 intensive care unit
(ICU) days.* The most common types of HAIs include
hospital-acquired pneumonia (HAP), ventilator-associated
pneumonia (VAP), surgical site infection (SSI), catheter-
associated urinary tract infection (CAUTI), and central
line-associated bloodstream infection (CLABSI).>
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In low- and middle-income countries, the emergence of
MDROs is a major public health concern.*” The primary con-
tributors to multidrug-resistant (MDR) bacterial infections in
developing countries are methicillin-resistant Staphylococcus
aureus (MRSA), vancomycin-resistant enterococci (VRE),
extended-spectrum f-lactamase (ESBL)—producing organisms,
MDR A. baumannii (MDR-AB), MDR Pseudomonas aeruginosa
(MDR-PsA), and MDR Klebsiella pneumoniae (MDR-KP).®

Multidrug-resistant healthcare-associated infections (MDR-
HAIs) are emerging and spreading globally, particularly
among patients admitted to ICUs.” Lim et al® estimated that
43% of deaths associated with HAIs in the ICU were due to
MDROs. Although a recent systematic review on the burden of
HAI in developing countries was published,'” no compre-
hensive reviews of antimicrobial resistance patterns in
Southeast Asia have focused primarily on MDRO. Therefore,
we performed a systematic review of the cumulative incidence
and prevalence of MDR-HAI among ICU patients in Southeast
Asia. We also sought to clarify the local distribution of differ-
ent categories of MDROs. We evaluated the case fatality rate,
LOS, and healthcare cost of patients colonized by or infected
with MDROs and compared them to control groups.

METHODS
Study Design

This systematic review was performed and reported in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.''

Search Strategy and Study Selection

We conducted a comprehensive literature search in PubMed,
EMBASE, CINAHL, EconlLit, and the Cochrane Library data-
bases from their inception through September 30, 2016, using
the following search strings: (1) “Acinetobacter baumannii’ or
“Pseudomonas aeruginosa” or “Escherichia coli’ or “Klebsiella
pneumoniae” or “Enterobacteriaceae” or “Staphylococc*” or
“Enterococc*” or “microorganism*” or “bacteria”; (2) “extended-
spectrum beta-lactamase” or “multidrug-resistant” or “exten-
sively drug-resistant” or “pandrug-resistant” or “carbapenem-
resistant” or “colistin-resistant” or “polymyxin-resistant’ or
“methicillin-resistant” or “vancomycin-resistant”; (3) “intensive
care unit” or “ICU” or “critically ill’; (4) “healthcare-associated”
or “hospital-acquired” or “nosocomial” or “device-associated” or
“central line-associated” or “ventilator-associated” or “catheter-
associated”; (5) “infection*” or “bloodstream infection*” or
“bacteraemia” or “bacteremia” or “septicaemia” or “septicemia” or
“pneumonia” or “urinary tract infection*” or “surgical site infec-
tion*” or “wound infection*”; (6) “Burma” or “Brunei” or
“Cambodia” or “East Timor” or “Indonesia” or “Laos” or
“Malaysia” or “Myanmar” or “Philippines” or “Singapore” or
“Thailand” or “Vietnam.” These sets of terms were also combined
using AND. We screened the reference lists of all included
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studies and relevant systematic reviews to identify additional
eligible studies. A detailed search strategy is provided in
eTable 1.1 of the online supplementary material.

Inclusion Criteria

To be eligible for inclusion, studies fulfilled the following
criteria: (1) randomized controlled trials, cohort studies,
before-and-after studies, or interrupted time series; (2) related
to any type of MDRO (as defined in the Outcomes and
Definitions section); (3) studied ICU patients; (4) conducted
in Southeast Asian countries; (5) reported any of the following
outcomes: incidence, prevalence, mortality, LOS, and cost
attributed to hospitalization. Limits were set to include studies
published in English. Animal studies, reviews, editorials, letters
and commentaries, and studies reporting other outcomes were
excluded from this systematic review.

Study Selection and Data Extraction

Three independent investigators (P.P., D.K.,, and S.N.)
screened titles and abstracts of retrieved references for poten-
tially relevant studies. Full-text papers of the studies that met
the eligibility criteria in the first stage were further assessed
against the inclusion criteria. Any discrepancies were resolved
by discussion with the other investigators (N.T., K.K., A.S.,
A.P., and N.C.) until consensus was reached. From each of the
included studies, the following data were extracted: name of
the first author, year and country of publication, study design,
study duration, study population characteristics (including
sex, age, caused organism, type of resistance, type of HAI, type
of ICU), criteria used for the diagnosis of MDR, and outcomes
of interest.

Outcomes and Definitions

Primary outcomes were cumulative incidence and prevalence.
Cumulative incidence was defined as the number of new MDR
cases per 100 patients admitted to an ICU over a defined
period. Prevalence was defined as the number of MDRO cases
per 100 patients infected with organism regardless of drug
resistance. Secondary outcomes were mortality, LOS, and cost
attributed to hospitalization. We defined MDR as acquired
nonsusceptibility to at least 1 agent in >3 antimicrobial
categories. We defined extensively drug resistant (XDR) as
nonsusceptibility to at least 1 agent in all but <2 antimicrobial
categories. We defined carbapenem resistance as nonsuscept-
ibility to at least 1 of 3 carbapenem antibiotics tested:
imipenem, meropenem, and doripenem. We defined pan-drug
resistant (PDR) as nonsusceptibility to all agents in all anti-
microbial categories.'?

Quality Assessment

Study quality was assessed using the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) state-
ment."”” Two investigators (A.S. and N.T.) independently
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assessed the quality of the studies. Differences in assessment were
resolved by consensus. Included studies were categorized into 3
quality groups: high quality (fulfilled >80% of STROBE criteria),
moderate quality (fulfilled 50%—-80% of STROBE criteria), and
low quality (fulfilled <50% of STROBE criteria).*

RESULTS

Overall, 217 records were identified through our database
search. After removing 74 duplicate records, 143 potentially
relevant studies and 4 additional studies from other sources
were retrieved in full text and were assessed according to the
eligibility criteria. Finally, 41 studies meeting the inclusion
criteria were included in this systematic review (Figure 1).

Characteristics and Quality of Included Studies

In total, 41 studies published between 1994 and 2016 were
included; together, they included 22,876 ICU patients. Most of
the studies were conducted in Singapore (14 studies), followed
by Thailand (13 studies), and Malaysia (7 studies). The
most frequently reported MDRO were MRSA (23 studies),
followed by MDR-AB (14 studies), ESBL-producing organisms
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(10 studies), and CRAB (7 studies). Different types of ICUs were
investigated: medical, surgical, neonatal, pediatric, burn, and
tetanus units. Aggregate and detailed descriptions of these studies
are provided in Table 1 of the text and eTable 2.1 of the
supplementary material, with full reference list in Appendix 5.
Our quality assessment based on the STROBE checklist
showed that 41% of included studies were of high quality,
while 49% were of moderate quality and 10% were of low
quality (eTable 3.1).

Outcomes

Cumulative incidence. Cumulative incidences of MDR-
HAI were reported in 26 studies (Table 2). Incidence rates of
HAI caused by ESBL-producing Enterobacteriaceae ranged
from 0.78% to 2.79%. Newborns hospitalized in neonatal ICU
(NICU) represented a population at high risk of ESBL
acquisition with 2 NICUs, in Cambodia and Malaysia,
reporting a high colonization rate with an ESBL range up to
85%.'* Incidences of MRSA infections acquired in the ICUs of
Southeast Asia seemed to have stabilized around 0.86% to
1.23%, except for a study by Chong et al,'” which reported the
incidence of MRSA infection to be 32.98% in the burn unit.
These incidence rates are comparable to those reported in the

74 Duplicate records removed

—
217 Records identified through database
searching on September 30, 2016
g 82 PubMed
§ 95 Embase
= 18 CINAHL
_q: 21 Cochrane
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— _>|
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%” or abstract
=
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£
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41 Records excluded after title/abstract

identified for review

from other sources

\ 4

screening because of irrelevant data

106 Full-text articles assessed for eligibility

A 4

—>| 65 Full-text articles excluded with reasons

41 Studies included in qualitative synthesis
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FIGURE 1. Flow diagram of search strategy and study selection.
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TABLE 1. Aggregate Description of Included Studies
No. of
Characteristics Studies References
Country of
publication
Singapore 14 15, 21, 28, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49
Thailand 13 22,26, 27,50, 51, 52, 53, 54, 55, 56,
57, 58, 59
Malaysia 7 25, 60, 61, 62, 63, 64, 65
Vietnam 3 66, 67, 68
Philippines 2 69, 70
Cambodia 1 14
Indonesia 1 71
Reported MDRO
MRSA 23 15, 21, 22, 39, 42, 43, 44, 45, 48, 49,
50, 53, 54, 55, 59, 60, 61, 62, 63, 65,
66, 67, 69
MDR-AB 14 15, 22, 25, 42, 45, 46, 47, 50, 51, 52,
55, 59, 63, 68

ESBL-producers 10 14, 50, 54, 60, 61, 62, 63, 64, 67, 71

CRAB 7 14, 21, 26, 56, 57, 66, 68
MDR-PsA 5 42, 45, 50, 54, 59
XDR-AB 5 22, 52, 54, 55, 58
PDR-AB 3 22,27,52

VRE 3 50, 59, 69

CRE 2 40, 66

NoTE. MDRO, multidrug-resistant organism; MDR-AB, multidrug-
resistant Acinetobacter baumannii; ESBL, extended-spectrum
pB-lactamase; CRAB, carbapenem-resistant A. baumannii; MDR-PsA,
multidrug-resistant Pseudomonas aeruginosa; XDR-AB, extensively
drug-resistant A. baumannii; PDR-AB, pan-drug-resistant

A. baumannii; VRE, vancomycin-resistant enterococci;

CRE, carbapenem-resistant Enterobacteriaceae.

West.'®'® However, the incidence of infections due to CRAB
and MDR-AB in Southeast Asia were higher compared to
other areas,'”*” ranging from 1.76% to 64.91% and 4.61% to
58.51%, respectively. Notably, the upper bound of all
incidence rates was obtained from a burn unit.">*' The
cumulative incidences of MDRO colonization are also shown
in Table 2.

Prevalence. Prevalence rates of MDRO from a total of 19
studies are summarized in eTable 4.1 of the supplementary
material. Among the Enterobacteriaceae causing HAI in ICU
patients, 58% were ESBL producers. Most of the prevalence
data were limited to VAP and BSI. Acinetobacter baumannii
was the leading cause of VAP, followed by CR-PsA and MRSA.
The distribution of AB resistance patterns was 62% CR,
1.3%—-12% MDR, 18%-35% XDR, and 1.9% PDR. Among
different organisms causing BSI and CLABSI, MRSA was the most
prevalent (13%—17.7%), followed by MDR-AB, and CRAB.

Case fatality rate. Case fatality rates (CFR) were reported
in 12 studies. The excess mortality in patients with VAP caused
by MDROs are presented in Table 2. After adjusting for
confounding variables, patients with MDR-AB, XDR-AB, and
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PDR-AB pneumonia died at 1.2, 1.7, and 1.8 times higher rates
than those with drug-susceptible AB, respectively.”> However,
antimicrobial resistance did not statistically significant increase
mortality. Notably, patients with CRAB BSI had a 4.95 times
higher rate of death than those with carbapenem-susceptible
AB (CSAB). This observation is also consistent with previous
studies on hospital mortality in patients with CRAB BSI.*>**

Length of stay and healthcare costs. The comparison of LOS
between patients infected with an MDR strain and those with a
drug-susceptible strain are displayed in Table 2. Of 8 studies
reporting LOS, 7 reported that total hospital or ICU LOS
tended to be longer for patients with MDR infections. For
example, Janahiraman et al*> found that, on average, patients
infected with MDR-AB stayed in the ICU for an additional
15.3 days, compared to 17.9 days for those without MDR-AB.
Importantly, not all studies performed statistical adjustments
to minimize potential confounders between groups.

Currently, only a few studies reported the healthcare costs
associated with MDRO infections in Southeast Asia.
Thatrimontrichai et al*® reported that patients with CRAB
VAP had a higher median total hospital cost when compared
to patients with CSAB VAP (US$11,773 vs US$9,735).
Apisarnthanarak et al*” did not compare the costs between MDR
and non-MDR but demonstrated that the average total hospi-
talization cost per patient colonized or infected with PDR-AB
was high (US$366 +100) and was lower after a multifaceted
infection control intervention (US$204 +88). Ng et al?® reported
that the hospitalization costs in patients with MDR BSI were
higher (USD 8,638) than those with non-MDR BSI.

DISCUSSION

To our knowledge, this study is the first systematic review
providing a comprehensive summary of MDR-HAI in South-
east Asia. We have demonstrated that the burden of MDRO
represents a major threat for ICU patients in Southeast Asia,
with comparable or even greater epidemiological relevance
than in Western countries. ICUs become the epicenters of
antimicrobial resistance in hospitals due to several factors.
Among them are the density of vulnerable populations as well
as the severity of their underlying illnesses. Inadequate infec-
tion control measures, invasive medical procedures,9 and high
consumption of antibiotics®® contribute as well.

Our study reveals that Southeast Asia experiences a higher
burden of AB than other low- and middle-income regions,
especially incidences of HAI due to CRAB and MDR-AB.
A possible explanation for these high incidences could be the
tropical climate in Southeast Asia, where a year-round warm and
humid climate favors the growth of AB. Reports on seasonal
increase in nosocomial AB infections in the summer months
support this hypothesis.”>”' Again, it is essential to note that the
upper range of incidences were derived from burn units.

Acinetobacter baumannii is commonly found in the hospital
environment, as well as being a normal inhabitant of human
skin. Acinetobacter baumannii that colonize burn wounds can
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TABLE 2. Cumulative Incidence of Hospital-Acquired Infection (HAI) and Colonization, Excess Mortality, and Excess Length of Stay (LOS) due to MDROs in Southeast Asia
HAI, Excess mortality, Excess LOS,
Microorganism % Range or % Colonization, % Range or % OR (95% CI) OR (95% CI)
ESBL-producing GNB BSI 1.56-2.795%52 Any site 11.08-36.86° Any HAI  1.40 (0.46-4.23)""
CLABSI 1.41% Rectal  21.95-85.89'%%*
Pneumonia 0.78%2
VAP 2.79%
CRAB Any HAI 1.76-64.912"%¢ Rectal 571" BSI 4.95 (1.20-20.40)°%;
9.33 (0.89-97.62)°"
BSI 0.32°7 VAP 2.26 (0.26-19.42)%°
CR-PsA Any HAI 1.76%
CRE Any HAI 1.03% Acquisition  1.27 (1.20-1.34)*
CR-KP Any HAI 1.69%¢
MDR-AB Any HAI 4.61-58.51'>% Any site 10.05>° VAP 1.23 (0.51-3.00)%; VAP 1.04 (1.01-1.07)%
2.97 (1.14-7.72)*
BSI 5.06-20.21">*
CLABSI 0.81-25.53'>%
UTI 532"
VAP 28.721°
Wound infection 23.40"°
MDR-PsA Any HAI 1.44% Any site 3.87°°
BSI 0.72%
MDR-Enterobacteriaceae Any HAI 1.15%°
MDR-GNB BSI 19.557° Any site 55,5470 VAP 1.39 (0.59-3.31)"°
XDR-GNB VAP 222 (1.16-4.27)%
XDR-AB VAP 1.04%® VAP 1.72 (0.77-3.80)%%
6.13 (2.55-14.75)>*
PDR-AB VAP 1.82 (0.55-6.00);
7.43 (1.72-32.05)°*
MRSA Any HAI 0.86-32.98'>3%493966  Anysite  2.00-33.67°%4>444920,33.69
BSI 0.15-10.64'>?%46%62  Wound 10.98%!
CLABSI 1.01-14.89'>%°
VAP 3.26-11.70">%
Wound infection 11.70%
VRE Any HAI 0.58>° Anysite  0.65-1.03°%%
MDR-GPC VAP 1.33 (0.07-26.62)%°
Any MDR Any HAI  0.73 (0.20-2.74)*
BSI 5.01 (2.18-11.50)*

NoTE. MDRO, multidrug-resistant organism; OR, odds ratio; CI, confidence interval; ESBL, extended-spectrum f-lactamase; GNB, gram-negative bacteria; BSI, bloodstream infection;
HALI, hospital-acquired infection; CLABSI, central line-associated bloodstream infection; VAP, ventilator-associated pneumonia; CRAB, carbapenem-resistant A. baumannii; CR-PsA,
carbapenem-resistant Pseudomonas aeruginosa; CRE, carbapenem-resistant Enterobacteriaceae; CR-KP, carbapenem-resistant Klebsiella pneumoniae; MDR-AB, multidrug-resistant A.
baumannii; UTIL, urinary tract infection; MDR-GNB, multidrug-resistant gram-negative bacteria; MDR-PsA, multidrug-resistant Pseudomonas aeruginosa; MRSA, methicillin-resistant
Staphylococcus aureus; XDR-GNB, extensively drug-resistant gram-negative bacteria; XDR-AB, extensively drug-resistant A. baumannii; PDR-AB, pan-drug-resistant A. baumannii; VRE,
vancomycin-resistant Enterococcus spp.; MDR-GPC, multidrug-resistant gram-positive cocci.
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be especially problematic because it can progress to infection
of the underlying tissues and subsequently spread systemi-
cally.®® Acinetobacter baumannii is mainly transmitted by the
hands of healthcare workers or through indirect contact with
contaminated environments.” The unique risks of AB cross
contamination in the burn environment include contaminated
hydrotherapy water, common treatment areas, and con-
taminated equipment such as mattresses.”* However, airborne
transmission of AB infection in hospitals also occurs.”

Improving adherence to basic infection control practices,
including contact precautions, patient cohorting, hand
hygiene, and environmental cleaning, seem to be the most
important strategies for preventing CRAB and MDR-AB
transmission and infection and should be emphasized.
Well-designed studies assessing the efficacy of individual and
bundled infection control measures focusing on CRAB and
MDR-AB are needed in Southeast Asia. Continued surveil-
lance of CRAB and MDR-AB in healthcare settings are needed
to develop individualized strategies to prevent and control
resistant strains in response to rapid epidemiological changes.

Our findings also show a high prevalence of CRAB,
XDR-AB, and MRSA VAP in most ICUs. The prevalence of
MRSA VAP in Southeast Asia is consistent with studies in
Western countries,”®”” which reported MRSA as a leading
cause of VAP. Notably, the prevalences of CRAB, XDR-AB,
and VAP in Southeast Asia were higher than those reported in
the West.”®*” Interestingly, a potential dose-response rela-
tionship between the degree of resistance and excess mortality
was observed in patients with VAP caused by MDR-AB, XDR-
AB, and PDR-AB. The CFR for XDR-AB VAP exceeded 50%
and even approached 70% among cases with PDR-AB VAP.
This finding is consistent with other studies reporting high
CFRs from highly resistant AB infections.”® Patients positive
for MDROs have a higher mortality rate because sicker
patients are easily colonized with any MRDO. Furthermore,
PDR-AB is considered virtually untreatable because it is
simultaneously resistant to all approved antimicrobial agents.
In this review, we also found that MDRO infection or colo-
nization in patients receiving intensive care may be associated
with increased morbidity as measured by prolonged LOS.

Despite the recognition of the severity of the problem,
accurate epidemiologic data on MDR-HAI in some Southeast
Asian countries are scarce and incomplete. In developing
countries, most registries are government funded and lack a
research component. Our estimates maybe underestimated
due to the limited data. Further active surveillance studies are
therefore needed.

We recommend urgent implementation of infection control
policies. Active surveillance screening before ICU admission of
specific populations, or in patients with a history of MDRO or
high risk of community-acquired MDRO, could be worth-
while in preventing cross contamination in the wards and
ICUs. Implementation of successful antimicrobial stewardship
programs is also required in Southeast Asia because of the high
prevalence of MDROs. Moreover, further studies are needed
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from Southeast Asian countries to gather detailed explanations
on the magnitude and trends of infections caused by MDROs.
Research methodology standardization is needed so that the
measurement of epidemiological data, the measurement of
antimicrobial consumption, and case definitions are consistent
among studies, which would enable the findings to be com-
parable across countries.

Our study has some limitations. First, LOS comparisons
should be interpreted with caution because not all studies>*
performed statistical adjustments to eliminate confounder
bias. Second, data regarding types of infection are limited.
Information on incidence and prevalence are mostly limited to
overall HAI and VAP. Third, because of the paucity of available
data related to LOS and healthcare cost, the effects of infections
caused by MDRO on LOS and healthcare cost remain unclear.

In summary, this study highlights the importance of MDR
HAIs in Southeast Asia. Countries within this region are often
burdened with gram-negative rather than gram-positive
MDROs, especially CRAB and MDR-AB. Multifaceted strate-
gies are needed to tackle the problem of resistance. These
strategies should include infection control, rapid and reliable
detection of MDROs, guideline development, regulation
enforcement, and continuing education. Furthermore,
awareness programs and campaigns through mass media
would be useful in educating and empowering the public on
the management of MDRO. In conclusion, this review
provides a key message that should catch the attention of all
stakeholders and should raise awareness of the importance of
MDROs and AB in Southeast Asia.

ACKNOWLEDGMENTS

Financial support: No financial support was provided relevant to this article.

Potential conflicts of interest: All authors report no conflicts of interest
relevant to this article. The authors would like to thank Mr. David G. Funk for
his editorial assistance in this manuscript.

Address correspondence to Nathorn Chaiyakunapruk, PharmD, PhD,
Center of Pharmaceutical Outcomes Research (CPOR), Department of Phar-
macy Practice, Faculty of Pharmaceutical Sciences, Naresuan University,
Phitsanulok, Thailand (chaiyakunapr@wisc.edu).

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit
https://doi.org/10.1017/ice.2018.58

REFERENCES

1. HAI data and statistics. Centers for Disease Control and
Prevention website. https://www.cdc.gov/hai/surveillance/index.
html#nhsn1. Published 2016. Accessed November 28, 2016.

2. Klevens RM, Edwards JR, Richards CL Jr, et al. Estimating health
care-associated infections and deaths in US hospitals, 2002. Public
Health Rep 2007;122:160-166.

3. Marchetti A, Rossiter R. Economic burden of healthcare-
associated infection in US acute care hospitals: societal perspective.
J Med Econ 2013;16:1399-1404.


mailto:chaiyakunapr@wisc.edu
https:&#x002F;&#x002F;doi.org&#x002F;10.1017&#x002F;ice.2018.58
https://www.cdc.gov/hai/surveillance/index.html#nhsn1
https://www.cdc.gov/hai/surveillance/index.html#nhsn1
https://doi.org/10.1017/ice.2018.58

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Ling ML, Apisarnthanarak A, Madriaga G. The burden of

healthcare-associated infections in Southeast Asia: a systematic
literature review and meta-analysis. Clin Infect Dis 2015;60:
1690-1699.

. Magill SS, Edwards JR, Bamberg W, et al. Multistate point-

prevalence survey of health care-associated infections. N Engl |
Med 2014;370:1198-1208.

. Laxminarayan R, Duse A, Wattal C, et al. Antibiotic resistance-

the need for global solutions. Lancet Infect Dis 2013;13:
1057-1098.

. Antimicrobial resistance: global report on surveillance 2014.

World Health Organization website. http://www.who.int/
drugresistance/documents/surveillancereport/en/. Published 2014.
Accessed November 28, 2016.

. Lim C, Takahashi E, Hongsuwan M, et al. Epidemiology and

burden of multidrug-resistant bacterial infection in a developing
country. Elife 2016;5:e18082. doi: 10.7554/eLife.18082.

. Kollef MH, Fraser VJ. Antibiotic resistance in the intensive

care unit. Ann Intern Med 2001;134:298-314.

Allegranzi B, Bagheri Nejad S, Combescure C, et al. Burden of
endemic healthcare-associated infection in developing countries:
systematic review and meta-analysis. Lancet 2011;377:228-241.
Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
PLoS Med 2009;6(7):¢1000100. doi: 10.1371/journal.pmed.
1000100.

Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim standard
definitions for acquired resistance. Clin Microbiol Infect
2012;18:268-281.

von Elm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. J Clin
Epidemiol 2008;61:344—349.

Turner P, Pol S, Soeng S, et al. High prevalence of antimicrobial-
resistant gram-negative colonization in hospitalized Cambodian
infants. Pediatr Infect Dis ] 2016;35:856—861.

Chong SJ, Ahmed S, Tay JM, Song C, Tan TT. 5 year analysis of
bacteriology culture in a tropical burns ICU. Burns 2011;37:
1349-1353.

Lukac PJ, Bonomo RA, Logan LK. Extended-spectrum
beta-lactamase-producing Enterobacteriaceae in children: old
foe, emerging threat. Clin Infect Dis 2015;60:1389-1397.

Kock R, Becker K, Cookson B, et al. Methicillin-resistant
Staphylococcus aureus (MRSA): burden of disease and control
challenges in Europe. Euro Surveill 2010;15:19688.

Dantes R, Mu Y, Belflower R, et al. National burden of invasive
methicillin-resistant  Staphylococcus aureus infections, United
States, 2011. JAMA Intern Med 2013;173:1970-1978.

Hidron Al, Edwards JR, Patel J, et al. NHSN annual update:
antimicrobial-resistant pathogens associated with healthcare-
associated infections: annual summary of data reported to the
National Healthcare Safety Network at the Centers for Disease
Control and Prevention, 2006—2007. Infect Control Hosp
Epidemiol 2008;29:996—1011.

Choi JY, Kwak YG, Yoo H, et al. Trends in the distribution
and antimicrobial susceptibility of causative pathogens of
device-associated infection in Korean intensive care units from

https://doi.org/10.1017/ice.2018.58 Published online by Cambridge University Press

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

MDR HAI AND A. BAUMANNII IN SOUTHEAST ASIA 531

2006 to 2013: results from the Korean Nosocomial Infections
Surveillance System (KONIS). J Hosp Infect 2016;92:363-371.
Chim H, Tan BH, Song C. Five-year review of infections in a burn
intensive care unit: high incidence of Acinetobacter baumannii in
a tropical climate. Burns 2007;33:1008—1014.

Inchai J, Pothirat C, Liwsrisakun C, Deesomchok A,
Kositsakulchai W, Chalermpanchai N. Ventilator-associated
pneumonia: epidemiology and prognostic indicators of 30-day
mortality. Jpn J Infect Dis 2015;68:181—186.

Esterly JS, Griffith M, Qi C, Malczynski M, Postelnick M]J,
Scheetz MH. Impact of carbapenem resistance and receipt of
active antimicrobial therapy on clinical outcomes of Acinetobacter
baumannii bloodstream infections. Antimicrob Agents Chemother
2011;55:4844-4849.

Shorr AF, Zilberberg MD, Micek ST, Kollef MH. Predictors of
hospital mortality among septic ICU patients with Acinetobacter
spp. bacteremia: a cohort study. BMC Infect Dis 2014;14:572.
Janahiraman S, Aziz MN, Hoo FK, et al. Resistance patterns
of multidrug resistant Acinetobacter baumannii in an ICU
of a tertiary care hospital, Malaysia. Pak | Med Sci 2015;31:
1383-1388.

Thatrimontrichai A, Techato C, Dissaneevate S, et al. Risk factors
and outcomes of carbapenem-resistant Acinetobacter baumannii
ventilator-associated pneumonia in the neonate: a case-case-
control study. J Infect Chemother 2016;22:444—449.
Apisarnthanarak A, Pinitchai U, Thongphubeth K, Yuekyen C,
Warren DK, Fraser V]. 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. Clin Infect Dis 2008;47:760-767.

Ng E, Earnest A, Lye DC, Ling ML, Ding Y, Hsu LY. The excess
financial burden of multidrug resistance in severe gram-negative
infections in Singaporean hospitals. Ann Acad Med Singapore
2012;41:189-193.

Vincent JL, Rello J, Marshall J, et al. International study of the
prevalence and outcomes of infection in intensive care units.
JAMA 2009;302:2323-2329.

Smith PW. Seasonal incidence of Acinetobacter infection. J Infect
Dis 1979;140:275-276.

McDonald LC, Banerjee SN, Jarvis WR. Seasonal variation of
Acinetobacter infections: 1987-1996. Nosocomial Infections
Surveillance System. Clin Infect Dis 1999;29:1133-1137.

Trottier V, Segura PG, Namias N, King D, Pizano LR, Schulman CIL
Outcomes of Acinetobacter baumannii infection in critically ill
burned patients. ] Burn Care Res 2007;28:248-254.

Roberts SA, Findlay R, Lang SD. Investigation of an outbreak of
multi-drug resistant Acinetobacter baumannii in an intensive care
burns unit. J Hosp Infect 2001;48:228-232.

Simor AE, Lee M, Vearncombe M, et al. An outbreak due to
multiresistant Acinetobacter baumannii in a burn unit: risk factors
for acquisition and management. Infect Control Hosp Epidemiol
2002;23:261-267.

Rock C, Harris AD, Johnson JK, Bischoff WE, Thom KA. Infre-
quent air contamination with Acinetobacter baumannii of air
surrounding known colonized or infected patients. Infect Control
Hosp Epidemiol 2015;36:830—832.

Blot S, Koulenti D, Dimopoulos G, et al. Prevalence, risk factors,
and mortality for ventilator-associated pneumonia in middle-
aged, old, and very old critically ill patients. Crit Care Med
2014;42:601-609.


http://www.who.int/drugresistance/documents/surveillancereport/en/
http://www.who.int/drugresistance/documents/surveillancereport/en/
https://doi.org/10.1017/ice.2018.58

532

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

INFECTION CONTROL & HOSPITAL EPIDEMIOLOGY

Weiner LM, Webb AK, Limbago B, et al. Antimicrobial-resistant
pathogens associated with healthcare-associated infections:
summary of data reported to the National Healthcare Safety
Network at the Centers for Disease Control and Prevention,
2011-2014. Infect Control Hosp Epidemiol 2016;37:1288—1301.
Poulikakos P, Tansarli GS, Falagas ME. Combination antibiotic
treatment versus monotherapy for multidrug-resistant, exten-
sively drug-resistant, and pandrug-resistant Acinetobacter infec-
tions: a systematic review. Eur ] Clin Microbiol Infect Dis
2014;33:1675-1685.

Harris PN, Le BD, Tambyah P, et al. Antiseptic body washes for
reducing the transmission of methicillin-resistant Staphylococcus
aureus: a cluster crossover study. Open Forum Infect Dis 2015;
2:0fv051.

Ling ML, Tee YM, Tan SG, et al. Risk factors for acquisition of
carbapenem resistant Enterobacteriaceae in an acute tertiary care
hospital in Singapore. Antimicrob Resist Infect Control 2015;4:26.
Vasudevan A, Mukhopadhyay A, Goh EY, Li ], Tambyah PA. Risk
factors for infection/colonization caused by resistant gram-
negative bacilli in critically ill patients (an observational study of
1633 critically ill patients). Prev Med 2013;57:S70-S73.
Vasudevan A, Chuang L, Jialiang L, Mukhopadhyay A, Goh EY,
Tambyah PA. Inappropriate empirical antimicrobial therapy for
multidrug-resistant organisms in critically ill patients with
pneumonia is not an independent risk factor for mortality: results
of a prospective observational study of 758 patients. J Glob
Antimicrob Resist 2013;1:123—-130.

Oh HM, Tan TY, Chua GH, Li J, Meng QS. The impact of
active surveillance cultures in reducing methicillin-resistant
Staphylococcus aureus infections in a surgical intensive care unit
in Singapore. BMC Proc 2011;5:P233.

Kurup A, Chlebicka N, Tan KY, et al. Active surveillance testing
and decontamination strategies in intensive care units to reduce
methicillin-resistant Staphylococcus aureus infections. Am J Infect
Control 2010;38:361-367.

Donaldson AD, Razak L, Liang LJ, Fisher DA, Tambyah PA.
Carbapenems and subsequent multiresistant bloodstream infec-
tion: does treatment duration matter? Int J Antimicrob Agents
2009;34:246-251.

Kwa AL, Low JG, Lee E, Kurup A, Chee HL, Tam VH. The impact
of multidrug resistance on the outcomes of critically ill patients
with gram-negative bacterial pneumonia. Diagn Microbiol Infect
Dis 2007;58:99-104.

Ling ML, Ang A, Wee M, Wang GC. A nosocomial outbreak of
multiresistant Acinetobacter baumannii originating from an
intensive care unit. Infect Control Hosp Epidemiol 2001;22:48—49.
Ng SP, Gomez JM, Lim SH, Ho NK. Reduction of nosocomial
infection in a neonatal intensive care unit (NICU). Singapore
Med ] 1998;39:319-323.

Tan KW, Tay L, Lim SH. An outbreak of methicillin-resistant
Staphylococcus aureus in a neonatal intensive care unit in Singa-
pore: a 20-month study of clinical characteristics and control.
Singapore Med ] 1994;35:277-282.

Boonyasiri A, Thaisiam P, Permpikul C, et al. Effectiveness of
chlorhexidine wipes for the prevention of multidrug-resistant
bacterial colonization and hospital-acquired infections in inten-
sive care unit patients: a randomized trial in Thailand. Infect
Control Hosp Epidemiol 2016;37:245-253.

Chusri S, Silpapojakul K, McNeil E, Singkhamanan K, Chong-
suvivatwong V. Impact of antibiotic exposure on occurrence of

https://doi.org/10.1017/ice.2018.58 Published online by Cambridge University Press

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

MAY 2018, VOL. 39, NO. 5

nosocomial carbapenem-resistant Acinetobacter baumannii
infection: a case control study. ] Infect Chemother 2015;21:
90-95.

Inchai ], Pothirat C, Bumroongkit C, Limsukon A, Khositsa-
kulchai W, Liwsrisakun C. Prognostic factors associated with
mortality of drug-resistant Acinetobacter baumannii ventilator-
associated pneumonia. | Intensive Care 2015;3:9.

Tong SY, Holden MT, Nickerson EK, et al. Genome sequencing
defines phylogeny and spread of methicillin-resistant Staphylo-
coccus aureus in a high transmission setting. Genome Res
2015;25:111-118.

Apisarnthanarak A, Pinitchai U, Warachan B, Warren DK,
Khawcharoenporn T, Hayden MK. Effectiveness of infection
prevention measures featuring advanced source control and
environmental cleaning to limit transmission of extremely drug-
resistant Acinetobacter baumannii in a Thai intensive care unit: an
analysis before and after extensive flooding. Am J Infect Control
2014;42:116-121.

Chittawatanarat K, Jaipakdee W, Chotirosniramit N, Chandac-
ham K, Jirapongcharoenlap T. Microbiology, resistance patterns,
and risk factors of mortality in ventilator-associated bacterial
pneumonia in a Northern Thai tertiary-care university based
general surgical intensive care unit. Infect Drug Resist 2014;7:
203-210.

Thatrimontrichai A, Apisarnthanarak A, Chanvitan P, Janjinda-
mai W, Dissaneevate S, Maneenil G. Risk factors and outcomes of
carbapenem-resistant Acinetobacter baumannii bacteremia in
neonatal intensive care unit: a case-case-control study. Pediatr
Infect Dis J 2013;32:140-145.

Nakwan NW, Patungkalo W, Chokephaibulkit K. Clinical
features, risk factors, and outcome of carbapenem-resistant
Acinetobacter baumannii bacteremia in a Thai neonatal intensive
care unit. Asian Biomed 2012;6:473—479.

Nakwan N, Wannaro J, Thongmak T, et al. Safety in treatment of
ventilator-associated pneumonia due to extensive drug-resistant
Acinetobacter baumannii with aerosolized colistin in neonates: a
preliminary report. Pediatr Pulmonol 2011;46:60—66.
Sritippayawan S, Sri-Singh K, Prapphal N, Samransamruajkit R,
Deerojanawong J. Multidrug-resistant hospital-associated infections
in a pediatric intensive care unit: a cross-sectional survey in a Thai
university hospital. Int J Infect Dis 2009;13:506-512.

Katherason SG, Naing L, Jaalam K, et al. Prospective surveillance
of nosocomial device-associated bacteremia in three adult
intensive units in Malaysia. Trop Biomed 2010;27:308-316.
Katherason SG, Naing L, Jaalam K, et al. Ventilator-associated
nosocomial pneumonia in intensive care units in Malaysia.
J Infect Dev Ctries 2009;3:704—710.

Katherason SG, Naing L, Jaalam K, Ismail A. Baseline assessment
of intensive care-acquired nosocomial infection surveillance in
three adult intensive care units in Malaysia. ] Infect Dev Ctries
2008;2:364—-368.

Tan CC, Zanariah Y, Lim KI, Balan S. Central venous catheter-
related blood stream infections: incidence and an analysis of risk
factors. Med | Malaysia 2007;62:370-374.

Boo NY, Ng SF, Lim VK. A case-control study of risk factors
associated with rectal colonization of extended-spectrum
beta-lactamase producing Klebsiella sp. in newborn infants.
J Hosp Infect 2005;61:68—74.

Halder D, Seng QB, Malik AS, Choo KE. Neonatal septic arthritis.
SE Asia ] Trop Med Public Health 1996;27:600—605.


https://doi.org/10.1017/ice.2018.58

66. Le NK, Hf W, Vu PD, et al. High prevalence of hospital-acquired
infections caused by gram-negative carbapenem resistant strains in
Vietnamese pediatric ICUs. Medicine (Baltimore) 2016;95:€4099.

67. Schultsz C, Bootsma MC, Loan HT, et al. Effects of infection
control measures on acquisition of five antimicrobial drug-
resistant microorganisms in a tetanus intensive care unit in

Vietnam. Intensive Care Med 2013;39:661—671.

68. Le T, Nga TTT, Minoru A, Kirikae T. Ventilation associated
pneumonia caused by Acinetobacter baumannii at a tertiary
hospital in Vietnam: clinical and molecular patterns. Am J Infect

Control 2012;40:e53.

https://doi.org/10.1017/ice.2018.58 Published online by Cambridge University Press

69.

70.

71.

MDR HAI AND A. BAUMANNII IN SOUTHEAST ASIA 533

Gill CJ, Mantaring JB, Macleod WB, et al. Impact of enhanced
infection control at 2 neonatal intensive care units in the
Philippines. Clin Infect Dis 2009;48:13-21.

Litzow JM, Gill CJ, Mantaring JB, et al. High frequency of
multidrug-resistant gram-negative rods in 2 neonatal intensive
care units in the Philippines. Infect Control Hosp Epidemiol
2009;30:543—549.

Saharman YR, Lestari DC. Phenotype characterization of
beta-lactamase producing Enterobacteriaceae in the intensive
care unit (ICU) of Cipto Mangunkusumo Hospital in 2011. Acta
Med Indones 2013;45:11-16.


https://doi.org/10.1017/ice.2018.58

	Outline placeholder
	METHODS
	Study Design
	Search Strategy and Study Selection
	Inclusion Criteria
	Study Selection and Data Extraction
	Outcomes and Definitions
	Quality Assessment

	RESULTS
	Characteristics and Quality of Included Studies
	Outcomes
	Cumulative incidence


	Figure 1Flow diagram of search strategy and study selection.
	Outline placeholder
	Prevalence
	Case fatality rate
	Length of stay and healthcare costs


	DISCUSSION
	Table 1Aggregate Description of Included Studies
	Table 2Cumulative Incidence of Hospital-Acquired Infection (HAI) and Colonization, Excess Mortality, and Excess Length of Stay (LOS) due to MDROs in Southeast�Asia
	ACKNOWLEDGMENTS
	ACKNOWLEDGEMENTS


