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Enterococci rank as one of the leading causes of nosocomial infections, such as urinary tract infections, surgical wound infec-
tions, and endocarditis, in humans. These infections can be hard to treat because of the rising incidence of antibiotic resistance.
Enterococci inhabiting nonhuman reservoirs appear to play a critical role in the acquisition and dissemination of antibiotic re-
sistance determinants. The spread of antibiotic resistance has become a major concern in both human and veterinary medicine,
especially in Southeast Asia, where many developing countries have poor legislation and regulations to control the supply and
excessive use of antimicrobials. This review addresses the occurrence of antibiotic-resistant enterococci in Association of South-
east Asian Nations countries and proposes infection control measures that should be applied to limit the spread of multiple-
drug-resistant enterococci.

The enterococci are a complex and diverse group of bacteria.
They are commonly found in the gastrointestinal tracts, fe-

male genital tracts, and oral cavities of humans and animals and
on their skin. Enterococci are also found in soil, water, and foods.
Different species of enterococci are able to grow at 10°C to 45°C in
environments with a broad range of pH values (1). These charac-
teristics present a challenge to those who wish to control the
spread of the pathogenic species of these organisms, which can
cause serious infections in humans and animals. In addition, en-
terococci have the capacity to acquire a wide variety of antimicro-
bial resistance factors through horizontal exchange of mobile
genetic material, which presents further problems in the manage-
ment of patients with enterococcal infections (2). Enterococci can
be transmitted to humans by various means, including contami-
nated food and water (3). The presence of antibiotic-resistant en-
terococci in the fecal material of animals has therefore become a
major global concern in both human and veterinary medicine.
Most of the studies concerning the transmission of microorgan-
isms from food animals to humans have focused on pathogens
that pose a direct threat to human health (4). Given the significant
importance of Enterococcus spp. to public health and the farming
industry, additional information on the genetics and transmission
of multidrug resistance in these species is essential.

Legislation and regulations to control the supply and excessive
use of antimicrobials are very poor in many developing Southeast
Asian countries (5–7), and the prevalence of antimicrobial resis-
tance in major bacterial pathogens such as enterococci has been
rapidly increasing in Asia (8–11). In particular, the rise of multi-
drug-resistant (MDR) enterococci is of great concern.

This review briefly summarizes the classification of enterococci
and discusses the incidence and causes of MDR enterococci in
nonhuman reservoirs, particularly farm animals and water sup-
plies. Their prevalence in hospitals is also reviewed, and possible
control measures are suggested, with a particular focus on the
Association of Southeast Asian Nations (ASEAN).

HUMAN RESERVOIRS OF ENTEROCOCCUS SPP.

Enterococcus spp. are normal flora of the human gastrointestinal
tract (12). Enterococci are minority members of the bacterial

community in humans, as molecular analysis has shown that these
bacteria make up no more than 1% of the intestinal microflora of
an adult (1, 13). However, the medical importance of these bacte-
ria overshadows their relative numbers in the intestinal tract. This
is because Enterococcus spp. now rank among the leading causes of
nosocomial infections in humans (14).

Enterococci are well adapted for living in biofilms, where adhe-
sion to extracellular matrix proteins of the human gut is the first step
in colonization and infection (15, 16). The ability to form biofilms is
a critical factor in causing endodontic and urinary tract infections, as
well as endocarditis. According to the National Institutes of Health,
biofilms are involved in over 80% of microbial infections in the body
(17). A mature biofilm can tolerate antibiotics at concentrations 10 to
1,000 times as high as those required to kill planktonic bacteria (18).
A recent study in Australia determined significant clonal variation of
clinical Enterococcus faecalis isolates in the capacity to form bio-
films when subjected to sub-MICs of the antimicrobial com-
pounds clindamycin and tetracycline, which are found in end-
odontic medicaments (19). A strong correlation between the
presence of the virulence gene esp and the ability of enterococci to
form biofilms in vitro has also been reported (20–22). The contri-
bution of esp to biofilm formation was found to be most pro-
nounced in the presence of �0.5% (wt/vol) glucose (20). These
results suggest that whereas esp is important in biofilm formation,
additional determinants in E. faecalis may also contribute to bio-
film formation (20). Studies on antibiotic resistance and biofilm
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production of enterococci with relevance to Southeast Asia have
not been focused on because of fragmented information.

Certain strains of enterococci have long been known as impor-
tant causes of endocarditis and in the 1970s began to be recognized
as common causes of hospital-acquired urinary tract and wound
infections (14). While traditionally 90% of all enterococcal infec-
tions were caused by E. faecalis and only 10% were caused by E.
faecium, the proportion of E. faecium has gradually increased over
the years to 40% (1). Other enterococcal species, including E.
avium, E. casseliflavus, E. cecorum, E. dispar, E. durans, E. gallina-
rum, E. hirae, E. malodoratus, E. mundtii, E. pseudoavium, E. raffi-
nosus, E. saccharolyticus, E. seriolicida, and E. solitarius, are found
primarily in the gastrointestinal tracts of various animals but are
occasionally isolated from human infections (1).

NONHUMAN RESERVOIRS OF ENTEROCOCCUS SPP.

Apart from humans, Enterococcus spp. are a natural part of the
intestinal flora of most mammals and birds (23). The livestock
industries of Southeast Asia, China, and Papua New Guinea play a
major role globally in terms of meat production, contributing
roughly 13 to 33% of the global meat production from 1979 to
2004 (24). Southeast Asia also imports livestock from China, In-
dia, Australia, and the United States. The large importers of live-
stock, mainly cattle and pigs, are Singapore, Malaysia, and Indo-
nesia (24). Studies carried out in Malaysia, Thailand, Vietnam,
Indonesia, and other Southeast Asian countries reported MDR
enterococci isolated from livestock and animal-related products
(23, 25). Many Southeast Asian nations, such as Malaysia, Myan-
mar, Indonesia, Thailand, and Vietnam, have flourishing poultry
and livestock industries and are also major exporters around the
Asian region (26). Countries that either export or import livestock
or chickens could be inadvertently involved in the spread of MDR
E. faecalis because of the widespread use of antimicrobials in these
industries, as discussed later (27).

USE OF ANTIMICROBIALS IN SOUTHEAST ASIA

In addition to the treatment of human infections, antimicrobial
agents are used on food animals, on pets, and in laboratories. In
modern food animal production, antimicrobial agents are used in
four different ways: (i) therapy, i.e., the treatment of infections of
animals; (ii) metaphylactics, i.e., the treatment of clinically
healthy animals belonging to the same flock or pen as animals with

clinical signs; (iii) prophylactics, i.e., the treatment of healthy an-
imals in a period of stress to prevent disease, such as during early
weaning; and (iv) growth promotion, i.e., the inclusion of antimi-
crobial agents continuously in animal feed to prevent infections
and improve growth (28, 29).

It is challenging to obtain reliable data on the quantities of
antimicrobial agents used on food animals worldwide. In the
United States, the farm animal population (consisting of approx-
imately 5.34 million lambs and sheep, 89.3 million cattle, 113.2
million pigs, and 479 million fowls in 2012) used an estimated
13,542 metric tons of antimicrobial agents, while the usage for
humans was estimated to be approximately 3,289 metric tons, in
2011 (30, 31). According to a 2013 report from the Department
for Environmental Food and Rural Affairs in the United King-
dom, it was estimated that approximately 290 metric tons of an-
timicrobial agents were sold for administration to food animals in
2011 (32). The United Kingdom farm animal population con-
sisted of approximately 32 million lambs and sheep, 9.7 million
cattle, 4.8 million pigs, and 162 million fowls in 2012 (33). Anti-
microbial consumption data are lacking in many developing
countries, including ASEAN countries (34). Table 1 shows the
livestock population in ASEAN countries in 2010, as well as the
estimated antimicrobial consumption of cattle, chickens, and pigs
(35). The estimates of antimicrobial consumption presented in
Table 1 are based on antimicrobial consumption per population
correction unit (PCU), as devised by Van Boeckel et al. (36) for
Organization for Economic Cooperation and Development coun-
tries. The mean of the posterior for antimicrobial consumption
was 45 mg/PCU for cattle, 148 mg/PCU for chickens, and 172
mg/PCU for pigs (36). PCUs are used to compare populations and
production of different types of livestock across countries and
correspond to 1 kg of a living or slaughtered animal (37) using an
estimate of 2.5 kg per chicken (38), 100 kg per pig (39), and 600 kg
per cow (40). Assuming that antimicrobial consumption by chick-
ens, cattle, and pigs represents the majority of the antimicrobial
consumption by food-producing animals, the total consumption
of antimicrobials was calculated for each country by pooling the
estimates collected by multiplying the per-PCU value by the total
national population of each type of livestock (36). On the basis of
the estimated values of antimicrobial consumption in Table 1,
Indonesia, Vietnam, and Myanmar are the three leading consum-
ers of antimicrobials for farm use on a total per-country basis.

TABLE 1 Livestock populations and total antimicrobial consumption by chickens, cattle, and pigs in ASEAN countriesa

Country

Livestock population (103) No. of PCUs (103)
Total antimicrobial consumptionb

(106 mg/PCU)Chickens Cattle Pigs Chickens Cattle Pigs

Brunei 16,000 1 1.3 40,000 600 130 5.9
Cambodia 17,448 3,484 2,057 43,620 2,090,400 205,700 135.9
Indonesia 1,622,750 1,363 7,212 4,056,875 817,800 721,200 761.2
Lao PDRc 23,000 1,400 3,400 57,500 840,000 340,000 104.7
Malaysia 225,790 909 1,711 564,475 545,400 171,100 137.5
Myanmar 125,000 13,000 7,900 312,500 7,800,000 790,000 533.1
Philippines 158,984 2,570 13,398 397,460 1,542,000 1,339,800 358.6
Singapore 3,300 0.2 270 8,250 120 27,000 5.8
Thailand 231,918 6,498 7,623 579,795 3,898,800 762,300 392.3
Vietnam 218,201 5,916 27,373 545502.5 3,549,600 2,737,300 711.2
a The data shown are from FAOSTAT, the FAO Statistics Division, 2010.
b By chickens, cattle, and pigs.
c PDR, People’s Democratic Republic.
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Although there is a large amount of data about the emergence
of antimicrobial-resistant enterococci in Southeast Asian coun-
tries, most of this information is fragmented since it has been
published in different papers in different countries over several
decades (41–44). However, several studies show the extent of un-
regulated and inappropriate use of antimicrobials in food animals
in developing Southeast Asian countries such as Vietnam and Ma-
laysia (23, 25, 45). Usui et al. (25) obtained results that demon-
strate the use of antimicrobials in chickens in Southeast Asian
countries, especially Vietnam, to be higher than in developed
countries (45). In Vietnam, colistin was reported as an antibiotic
commonly used on poultry, representing 4 to 7% of the total an-
tibiotic use in quantitative terms, compared with the 1.6% re-
ported in nine European countries (46). The use of antimicrobials
in Vietnamese aquaculture has also been reported to be high, at
700 g/metric ton of production compared to 1 to 200 g/metric ton
in three European countries, Canada, and Chile (47). In Malaysia,
there are currently 97 antimicrobials registered for use according
to the National Pharmaceutical Control Bureau of the Ministry of
Health, Malaysia. Most of these registered drugs are used on poul-
try and pig farms. Unfortunately, more than half of the antibiotics
registered with the Ministry of Health for food animal use are not
recommended for veterinary use by the World Health Organiza-
tion (WHO). These antibiotics include ampicillin, amoxicillin,
cefadroxil, chlortetracycline, oxytetracycline, doxycycline, sulfa-
diazine, sulfadimethoxine, erythromycin, spiramycin, neomycin,
gentamicin, and flumequine (48). Macrolides, trimethoprim, sul-
fonamides, fluoroquinolones, and tetracyclines are classes of an-
tibiotics that are commonly used in animal husbandry and human
medicine in the Southeast Asian region (6, 7, 49).

To summarize, in comparison with western countries, geo-
graphic variations in the use of antimicrobials for poultry and
livestock are notable in Southeast Asia because of different stan-
dards and fragmented policies on antimicrobial use in different
countries (41). Countries such as Indonesia have a well-designed
and established system for the control of residues of veterinary
drugs; however, issues relating to facilities, human resources, and
law enforcement need to be controlled (50). The department of
livestock and fisheries in Laos lacks consistent methods for evalu-
ating and addressing antimicrobial resistance issues (51). Myan-
mar also has a major existing problem of inappropriate use of
antimicrobials, and most farmers use antimicrobials without any
consultation by veterinarians (52). Much work is needed to eluci-
date the levels of antimicrobial resistance in these countries, en-
tailing cost, manpower resources, and policy reviews (6, 7).

Monitoring systems in developed countries, such as the Danish
Integrated Antimicrobial Resistance Monitoring and Research Pro-
gramme established in Denmark in 1995, are used to assess antimi-
crobial resistance in bacteria, including enterococci, from healthy
food-producing animals (42). Control measures set by the World
Organization for Animal Health and the Food and Agricultural Or-
ganization (FAO) in 2010 include published guidelines for national
antimicrobial surveillance programs for animals and the responsible
administration of antimicrobials to them (43). The Danish Integrated
Antimicrobial Resistance Monitoring and Research Programme re-
ported a decrease in MDR E. faecalis in pigs from 40% in 2011 to
34% in 2012. The prevalence of MDR E. faecalis in broilers also
decreased from 13% in 2009 to 5% in 2013 (42).

In December 1998, the European Commission decided to ban
the use of bacitracin, spiramycin, tylosin, and virginiamycin for

growth promotion beginning on 1 July 1999 (53). These initiatives
follow the recommendations of the WHO and have had signifi-
cant effects on the types and amounts of antimicrobial agents
used. In comparison to the legislation and policies in most ASEAN
nations, the European Union has stronger control over the regu-
lation of nontherapeutic uses of antibiotics in animals. The Euro-
pean Union leads the world in reducing antibiotic use in healthy
animals. Sweden, Denmark, and Switzerland were the first coun-
tries to unilaterally ban all nontherapeutic antibiotic growth pro-
moters in animal feed (48). A more organized system for antimi-
crobial resistance monitoring in both agricultural and clinical
settings and restriction of antimicrobial use are essential for pre-
serving the therapeutic value of antibiotics in Southeast Asia.

ENTEROCOCCUS SPP. IN THE ENVIRONMENT AND WATER

Environmental and water samples often contain enterococci (54).
Large amounts of human and animal waste are distributed into the
environment through sewage or nonsewage systems. For almost a
century, enterococci have been used as indicators of fecal contamina-
tion of water and food for human consumption (1). Pathogenic bac-
teria in environmental surface waters originate mainly from the final
effluent discharge from sewage wastewater treatment plants. Treated
sludge, a by-product from treated sewage wastewater containing the
fecal contents of animals and humans, can be used as fertilizer on
agricultural land, which could potentially pass MDR strains on to the
food supply (55). Challenges for effective wastewater management
differ in Southeast Asian countries as well. These include poor sani-
tation levels, especially in rural areas, inadequate sewerage network
coverage, and lack of sewage treatment facilities (56). Many countries
in Southeast Asia still depend on septic tanks and other low-cost on-
site sanitation facilities. However, most of these countries do not have
specific policies or a legal and institutional framework for appropriate
septage management. Unfortunately, septic tanks are poorly de-
signed and not accurately constructed, operated, and maintained in
many cases. In Vietnam (57), a low treatment performance efficacy of
only 20 to 30% biochemical oxygen demand removal was observed.
According to AECOM and the Department of Water and Sanitation
in Developing Countries (SANDEC) in 2010, the amount of gener-
ated septage that has been treated varies among different Southeast
Asian countries, amounting to 4% in Indonesia, 5% in Metro Manila
in the Philippines, less than 4% in Vietnam, and 30% in Thailand
(58). In environmental water such as agricultural wells on animal
farms, coastal waters, rivers, and canals, the species considered fecal
contaminants are mainly E. faecalis and E. faecium, but other spe-
cies can also be recovered (1). The water cycle has been suggested
as a transmission route for resistance to antibiotics (55), and this
may be particularly true if incentives for water quality monitoring
are lacking and the possibility of direct discharge of poorly treated
sewage into seawater and rivers is present. Two studies (59, 60)
have isolated MDR enterococci from coastal bathing waters and
storm waters that lead to recreational beaches around Malaysia.
The findings suggest that these recreational beaches may contrib-
ute to the dissemination of MDR enterococci and virulence char-
acteristics. Another study carried out in Thailand found a high
prevalence of MDR enterococci, 10.3% of which were vancomy-
cin-resistant Enterococcus (VRE) isolates, in environmental water,
including agricultural wells on animal farms, rivers, and canals
(55). This again suggests a potential route for the transfer of MDR
enterococci and resistance genes into the human food chain and
environment that could potentially pose a threat to public health.
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Table 2 summarizes studies carried out in Southeast Asian coun-
tries investigating incidences of antibiotic-resistant Enterococcus
species in the environment, namely, water sources and farm ani-
mals.

TRANSFER OF RESISTANCE BETWEEN NONHUMAN AND
HUMAN RESERVOIRS

Infections of animals with enterococci are rarely specifically tar-
geted with antimicrobial agents. However, as normal inhabitants
of the intestinal tract, enterococci are exposed to antimicrobial
selection every time animals are subjected to antimicrobial ther-
apy or given antimicrobial agents for growth promotion (61).

Enterococci are one of the traditional bacterial markers of fecal
contamination of food and water for human consumption, and it

has been accepted for several decades that enterococci from non-
human sources could contaminate food intended for human con-
sumption (55). Clearly, enterococci with resistance genes may
reach humans in several ways, including direct contact with farm
personnel (23, 62), via wastewater and surface water (55, 59, 60),
or by contact with or consumption of food animals and food of
animal origin (23, 25). Although the hygienic standards of meat
production are high in most developed countries, fecal contami-
nation of meat products cannot be completely eliminated (63).
Figure 1 shows the complex epidemiology of enterococci and the
ecological relationships among different reservoirs (64). The in-
teraction between the different reservoirs contributes to the wide
spread of MDR enterococci. Transmission of resistance can take
place through food animals or directly through contact between
animals and humans. Studies have suggested the potential for zoo-
notic transmission of enterococci. Research in Vietnam docu-
mented the isolation of the same clone of E. faecalis in a patient’s
urine and poultry from the same household in which patient had
close contact with poultry. In 23% of urinary tract infection cases,
pulsed-field gel electrophoresis patterns identical or closely re-
lated to those found in poultry were detected (65). In another
study carried out in Malaysia, one vancomycin-resistant E. fae-
cium strain isolated from a chicken was found to be clonal to that
of humans (23). Treated sewage sludge, a by-product from treated
sewage wastewater containing the fecal contents of animals and
humans, can be used as fertilizers, which potentially pass MDR
strains on to the food supply. A study conducted in Vietnam
found similar relative occurrences of E. faecium, E. faecalis, and
other Enterococcus spp. in the water sediment of ponds and ma-
nure samples of pigs, suggesting that Enterococcus spp. isolated
from the ponds originated mainly from pig manure (11). Insuffi-
cient data on the interaction between different reservoirs concerns
the wide spread of MDR enterococci in Southeast Asian countries.

USE OF ANTIMICROBIALS IN HOSPITALS AND
ANTIMICROBIAL RESISTANCE

Generally, the antibiotic of choice for the treatment of enterococ-
cal infections in humans is ampicillin, and vancomycin is an alter-
native agent (66). Prudent antibiotic use is an essential compo-
nent for control of the spread of VRE. The Healthcare Infection

FIG 1 Ecological relationships among different reservoirs of Enterococcus spp.
(Adapted from reference 64.)

TABLE 2 Summary of key studies investigating incidences of antibiotic-resistant Enterococcus species in the environment

Country Source Resistance rates Reference

Thailand Environmental watera 48.4% resistant to ciprofloxacin, 46.8% resistant to tetracycline 55
Malaysia Feces of live broiler chickens VRE (48% E. faecalis, 25.7% E. faecium, 12.1% E. gallinarum, 1.4% E. casseliflavus, 12.8% other

Enterococcus spp.)
80

Malaysia Coastal bathing waters 76.63% resistant to kanamycin, 10.87% resistant to novobiocin, 8.38% resistant to chloramphenicol 60
Malaysia Sewage treated effluent 71.4% resistant to ampicillin, 4.7% resistant to ciprofloxacin, 95.2% resistant to cefuroxime 59
Vietnam Feces of live chicken E. faecalis 86.3% resistant to chloramphenicol, 90.9% resistant to erythromycin and lincomycin,

100% resistant to oxytetracycline; E. faecium 97.8% resistant to oxytetracycline, 88,8% resistant
to lincomycin, 86.5% resistant to enrofloxacin

25

Indonesia Feces of live chicken E. faecalis 79.3% resistant to lincomycin, 77.6% resistant to erythromycin, 65.5% resistant to
oxytetracycline; E. faecium 81% resistant to oxytetracycline, 69% resistant to enrofloxacin,
lincomycin, and kanamycin

25

Thailand Feces of live chicken E. faecalis 56.8% resistant to oxytetracycline, 54% resistant to lincomycin, 48.5% resistant to
erythromycin; E. faecium 92.2% resistant to oxytetracycline, 83.9% resistant to lincomycin,
82.8% resistant to enrofloxacin

25

Vietnam Pig manure 100% resistant to tetracycline, 32% resistant to enrofloxacin 11
Vietnam Water sediment from pond 90% resistant to tetracycline, 45% resistant to enrofloxacin 11
a Agricultural wells on animal farms, rivers, and canals.
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Control Practices Advisory Committee (HICPAC) guidelines in-
sist on curtailing the use of antibiotics for routine surgical prophy-
laxis and empirical therapy (67).

Although the full extent of MDR Enterococcus spp. in Southeast
Asia remains undiscovered, data are available from some coun-
tries. A linezolid-resistant E. faecalis strain was isolated in July
2010 from a diabetic patient in Thailand who received linezolid
for at least 3 months prior to the isolation of the resistant strain
(68). From 1999 to 2009, 1.9% of the enterococcal isolates recov-
ered from patients at Rajavithi Hospital in Thailand were VRE. In
this 1.9%, there was a significantly higher prevalence of VRE iso-
lates in the inpatient department than in the outpatient depart-
ment (10). In Indonesia, antibiotics can easily be obtained without
a prescription from medical retailers despite existing regulations
(69). According to the National Surveillance of Antimicrobial Re-
sistance in Malaysia, antibiotic susceptibility testing was carried
out on bacterial isolates from hospitalized patients whereby anal-
ysis was based on one isolate per patient (70). This analysis re-
vealed that roughly 1.2% of the E. faecalis isolates were vancomy-
cin resistant in 2012 and the proportion was 1.4% in 2013; a
greater time frame is required to determine if the rate is increasing
over time. There was also an increase in the number of patients
with ciprofloxacin-resistant E. faecalis from 248 (20.6%) in 2012
to 437 (21.1%) in 2013 and in the number of patients with peni-
cillin-resistant E. faecium from 309 (84.4%) in 2012 to 415
(89.6%) in 2013 (70). A study in Malaysia isolated tazobactam-
piperacillin-, ampicillin-, and penicillin-resistant and high-level
gentamicin-resistant enterococcal strains from hospitalized pa-
tients (66). Another case study in 2008 discovered vancomycin-,
teicoplanin-, ampicillin-, and gentamicin-resistant E. faecium
strains in two patients with chronic diabetes mellitus and urinary
tract infection undergoing a 3- to 12-day course of treatment with
cloxacillin, ceftriaxone, erythromycin, and vancomycin (71). The
first VRE strain isolated in Singapore was obtained in 1994 from a
patient at the Singapore National Burns Centre (72). Two consec-
utive outbreaks followed later, in 2004 (73) and 2005 (74). Ac-
cording to the Network for Antimicrobial Resistance Surveillance
in Singapore in 2006, VRE constitutes 0.8% of all enterococcal
isolates in Singapore public hospitals (75). An epidemiology study
in Singapore documenting VRE in public hospitals from 2006 to
2010 reported a percentage of VRE clinical isolates of 24.4% (9).
While the prevalence of VRE clinical isolates remains low in Sin-
gapore public hospitals, the need for continued vigilance is neces-
sary to prevent any further increase in VRE prevalence. Docu-
mented cases of antibiotic-resistant Enterococcus species from
hospitalized patients were reported in Myanmar during 2009 to
2013, of which 30.8% were resistant to ampicillin and 68.8% were
resistant to erythromycin (76). In 2012, a case study in Vietnam
reported vancomycin-resistant E. faecium in a patient with liver
cirrhosis undergoing antimicrobial therapy consisting imipenem
and vancomycin for 1 week (77). Thus, not only regulation of
antibiotic use but also diligent prescribing of other broad-spec-
trum antimicrobials should be carried out in hospitals around
the region in an attempt to decrease colonization with MDR E.
faecalis.

INFECTION SOURCE CONTROL

In past years, the source of infection for most patients was thought
to be their own endogenous enterococci (1). However, with the
increase of sophisticated molecular typing techniques and the rise

in nosocomial acquisition of antibiotic-resistant enterococci in
the 1980s and 1990s, studies have clearly demonstrated the trans-
mission of enterococci among patients in acute-care hospital set-
tings (2). A recent study in Malaysia discovered clinical strains of
MDR E. faecium that were presumably spread from patient to
patient via the hands of health care workers (23). Transient car-
riage of E. faecalis on the hands of health care workers has also
been documented in another study (72). Transmission of entero-
cocci from a transiently colonized health care worker’s hand to a
patient may involve direct contact with hands, environmental sur-
faces, or medical equipment, but it is more likely that transmission
results in colonization of the patient’s gut (72). The acquired an-
tibiotic-resistant strain is able to survive in the human gastroin-
testinal tract with the aid of selective pressure from broad-spec-
trum antibiotics, which are used frequently in hospitalized
patients (72). Infections consequently arise from these newly ac-
quired enterococcal strains.

Various guidelines have been set up by countries in Southeast
Asia to provide infection control information for hospitals, health
care facilities, and livestock/animal health to prevent the spread of
MDR enterococci. Indonesia aims to strengthen the implementa-
tion of regulations for the production, distribution, sale, and pre-
scription of antibiotics, as well as establish the Antimicrobial Re-
sistance Control Program as a national program. This program
will aid in developing regulations for antibiotic use in veterinary
practices, as well as guidelines for community-acquired infection
and public access to antibiotics (48). Myanmar is currently estab-
lishing a national multisectoral steering committee for antimicro-
bial resistance and is in the process of constituting a national pol-
icy for antibiotic use in humans and animals. Data collection is
ongoing in Thailand to understand trends in antimicrobial resis-
tance and develop an antibiotic policy on MDR bacteria (48).
Treatment options for infections with antibiotic-resistant Entero-
coccus spp., especially VRE, are limited. Therefore, measures to
minimize the spread of these resistant organisms within a facility
are essential. Each facility should establish a comprehensive infec-
tion control program aimed at decreasing the transmission of
VRE among patients (78). Specific policies should be based on the
rates of resistance within the facility and should be appropriate for
the specific health care setting. In 1995, the Centers for Disease
Control and Prevention HICPAC published recommendations
aimed at controlling the nosocomial transmission of VRE (67).
These recommendations provide a base on which specific policies
can be developed for individual facilities. The major HICPAC rec-
ommendations focus on (i) prudent use of vancomycin to de-
crease the selective pressure for the emergence of VRE, (ii) educa-
tion of health care personnel about the importance of VRE and its
mode of transmission, (iii) use of the microbiology lab to quickly
identify patients with VRE, and (iv) infection control measures
that minimize transmission to other patients. The emergence and
severity of VRE have also been reported in other regions of South-
east Asia (5, 41). These findings suggest that early detection of
VRE is necessary to prevent further spread in health care settings.

Conclusion. Enterococci inhabiting nonhuman reservoirs ap-
pear to play a critical role in the acquisition and distribution of
antibiotic resistance determinants (61, 79). The introduction of
antimicrobial agents into clinical medicine and animal husbandry
has been one of the most important medical achievements; how-
ever, surveillance and enforcement of the use of antibiotics in
hospital settings and on farms is often lax in most Southeast Asian
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countries. In addition, the Southeast Asian region lacks systemic
studies to understand the epidemiology of MDR enterococci. The
most effective way to limit the spread of antimicrobial resistance
and thereby extend the usefulness of antimicrobials is to restrict
their use (48). As a consequence, it has been recommended that
antimicrobial agents that select for resistance to antibiotics used
for human therapy should not be used for growth promotion in
animal husbandry. Growth promoters should be limited to agents
that are of no value for therapeutic use (48). To limit the emer-
gence of antimicrobial resistance and the consequences for human
and animal health, it is necessary to collect data on factors affect-
ing the occurrence, emergence, and spread of resistance. At pres-
ent, the knowledge of antimicrobial resistance among food ani-
mals in Southeast Asia is fragmentary. This review highlights the
need for health care settings, industries, and governments in
Southeast Asian countries to strictly regulate the use of antibiotics
to curb the emerging threat of MDR enterococci.
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