
OCULAR INFECTIONS (BH JENG, SECTION EDITOR)

Update on Antimicrobial Resistance and Ocular Isolates

Prashant Garg • Aravind Roy

Published online: 30 August 2013

� Springer Science + Business Media New York 2013

Abstract The phenomenon of ‘‘Antimicrobial Resistance

(AMR)’’ is as old as the era of antibiotics. However, cur-

rently, it is posing a serious challenge in the management

of various infectious diseases including ocular infections.

Realizing the seriousness of the problem, the World Health

Organization and other health agencies have adopted sev-

eral programs to contain the menace. The surveillance of

AMR is an essential part of the action plan and has con-

tributed significant knowledge in this field. In the last

decade, three nationwide surveillance studies from United

States addressed AMR among ocular isolates. These stud-

ies indicate that AMR in ocular infections shows trends

similar to systemic infections. Realizing the value of sur-

veillance studies, there is a need to conduct similar studies

in other parts of the world because AMR trends demon-

strate regional variations. Further, there is enough evidence

to suggest that prolonged and recurrent use of topical

antibiotics in ophthalmology can result in colonization of

the ocular surface by resistant organisms.
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Introduction

The era of antibiotics for the management of serious and

often deadly infections caused by bacteria began with the

discovery of penicillin in 1928 by Alexander Fleming. The

euphoria for this discovery was so much that, in 1944 when

penicillin was introduced to general clinical practice, the

term ‘‘Miracle Drug’’ entered the common vernacular. By

1965, physicians and scientists felt that bacterial diseases

and the microbes responsible were no longer of great

concern. Unfortunately, it did not take too long for them to

realize the existence of resistant bacteria [1–3], and by

1980, fewer than 10 % of all clinical Staphylococcus cases

could be cured by penicillin—a dramatic shift from the

almost 100 % susceptibility of Staphylococcus in 1952 [4,

5]. To overcome this phenomenon of antibiotic resistance,

scientists developed newer molecules with modified

mechanisms of action. Little attention was paid to the

seriousness and long-term consequences of Antimicrobial

Resistance (AMR). Over a period of time, bacteria causing

common infections have developed resistance to each new

antibiotic, and today AMR has evolved to become a

worldwide health threat and a critical issue [6••, 7, 8].

Although AMR is a public health concern primarily for

diseases such as malaria, tuberculosis and to some extent

HIV, it is also becoming increasingly important for some of

the common bacterial diseases [9]. Organisms such as

methicillin-resistant Staphylococcus aureus (MRSA) and

Coagulase Negative Staphylococci (CNS), and drug-esis-

tant Enterobacteriaceae, as well as the emergence of mul-

tidrug-resistant bacteria, have created serious challenges to

the treatment of infectious diseases including ocular

infections. Moreover, the phenomenon of drug resistance is

no longer restricted to hospital-acquired infections but is

also being reported among community-acquired infections

[5, 10]. The situation is further complicated by the dearth

of new antibiotics in the pipeline, raising the possibility

that untreatable multi-drug resistant (MDR) infections will

become more and more common [11, 12]. The infections
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caused by drug-resistant organisms are not only difficult to

manage but are also associated with increased morbidity,

mortality and duration of hospital stay, thereby resulting in

substantial increases in the health care cost and financial

burden to the community [13–15].

In this article, we will highlight the value of surveillance

programs in enhancing our understanding of the trends of

antimicrobial resistance both in systemic as well as ocular

infections, and thereby highlighting the need for coopera-

tive global and regional efforts not only for systemic

infections but also for ocular or site-specific infections.

Antimicrobial Surveillance

Realizing the seriousness of the situation, in 1998, the World

Health Assembly adopted a resolution urging Member States

to take action against AMR. In 2001, World Health Orga-

nization (WHO) published the ‘‘WHO global strategy on

containment of antimicrobial resistance’’ containing a

comprehensive set of recommendations to enable member

countries to formulate and implement national policies to

curtail AMR [16]. The strategy recommended the surveil-

lance of AMR as an essential part of the action plan, in the

hope that the knowledge about the emergence and spread of

resistant pathogens will help develop effective strategies for

the prevention or control of the resistance problem.

After the World Health Assembly resolution, AMR

surveillance systems have been instituted in many coun-

tries, at regional, national and supranational levels. Activ-

ities undertaken by these surveillance networks vary in their

scope and magnitude: some focus on specific species and a

small number of antimicrobial agents, while others are far

more inclusive. Examples of some of the supranational

surveillance systems developed in collaboration with WHO

are: Integrated Disease Surveillance and Response (IDSR)

in Africa; Red LatinoAmericana De Vigilancia De La

Resistancia A Los Animicrobianos (ReLAVRA) in Canada,

USA and South American nations; Antimicrobial resistance

in the Mediterranean (ARMed); European Antimicrobial

Resistance Surveillance Network (EARS-net); and Asian

Network for Surveillance of Resistant Pathogens (AN-

SORP). To facilitate the gathering of comparable data from

across the world, the WHO collaborating centre for sur-

veillance of antimicrobial resistance developed WHONET,

a Microsoft windows-based software to enter AMR data

from individual patient samples manually or to capture data

from automated laboratory systems [17]. The system pro-

vides a standardised format for data collection that can then

be analysed at a local level or across one or more regions.

Apart from the supranational programmes supported by the

World Health Organization, a number of national and regional

surveillance activities have been conducted. Examples of such

activities are: The National Healthcare Safety Network

(NHSN), Prospective Resistant Organism Tracking and Epi-

demiology for the Ketolide Telithromycin (PROTEKT),

SENTRY Antimicrobial Surveillance Program, European

Antimicrobial Resistance Surveillance System (EARSS),

Study for Monitoring Antimicrobial Resistance Trends

(SMART), The Surveillance Network (TSN), and Tracking

Resistance in the United States Today (TRUST) [18–24].

Such surveillance programmes have helped generate

information on (1) trends of pathogens and AMR including

regional variations and emergence of combined resistance,

(2) conduct audits on antibiotic uses and study the relation-

ship between antibiotic use and resistance,and (3) assessment

of outcomes of national and regional interventions.

Magnitude of AMR Assessed by Surveillance Studies

for Systemic Infections

As per EARS-net, the resistance of S. aureus isolates to

methicillin (MRSA) in 2011 ranged from 0.3 % in Norway

to as high as 54.6 % in Portugal. In the same year, the

resistance of Escherichia coli isolates to third generation

cephalosporins ranged from 3 % in Sweden to 36.2 % in

Cyprus, while the resistance of Pseudomonas aeruginosa to

fluoroquinolones varied from 5.4 % in Norway to 58.7 %

in Slovakia [25]. The surveillance reports published in

March 2011 and November 2012 suggest that the levels of

resistance in the Gram-positive pathogens (Streptococcus

pneumonia, S. aureus, Enterococcus faecium and E. fae-

calis) tend to be stabilising, or even decreasing in some

countries, but there is a general increase of antimicrobial

resistance in the Gram-negative pathogens (E. coli, Kleb-

siella pneumonia and P. aeruginosa) across Europe. In the

period from 2002 to 2009, while the proportion of E. coli

resistant to third generation cephalosporins increased from

1.7 to 8 %, the proportion of MRSA decreased from 21.5 to

19.7 % [26••]. The more serious trends were significant

increases in combined resistance (defined as resistance to

two, three or four antimicrobial classes) in E. coli. The

proportion of E. coli resistant to two antibiotic classes

increased from 7.8 to 12.4 %; to three antibiotic classes it

increased from 3.1 to 6.7 %; and to four antibiotics it

increased from 0.6 to 3.4 %. In contrast, the proportion of

E. coli susceptible to all four antimicrobial classes

decreased from 51.4 % in 2002 to 41.7 % in 2009 [26••].

Almost similar trends are seen in the United States. A

laboratory-based surveillance of antimicrobial resistance

patterns among S. aureus in 2005 showed MRSA rates of

59.2, 55 and 47.9 % among non-ICU, ICU and out-patients,

respectively [27]. Further, the prevalence of MRSA was

showing rising trends. However, a more recent publication

describing S. aureus infections from 2005 through 2010
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showed declining trends of MRSA during this period, sim-

ilar to what have been reported from Europe [28•]. In con-

trast to Gram-positive organisms, the Gram-negative

bacteria showed increased resistance to various antibiotics

even in the USA. The antimicrobial susceptibility test results

obtained from TSN database for urinary E. coli isolates

obtained from 2000 to 2010 showed greatest increase in

resistance for ciprofloxacin (3 % in 2000 to 17.1 % in 2010)

and trimethoprim-sulfamethoxazole (17.9–24.2 %), whereas

ceftriaxone showed minimal change [29•]. Analysis of

resistance trends for key cell envelope-active antibacterial

agents among ESKAPE pathogens showed that, between

2007 to 2011, Acinetobacter baumannii resistance to imi-

penem increased from 23.9 to 34.3 % and to piperacillin-

tazobactam increased from 37 to 49.7 %. During the same

time period, K. pneumonia resistance to imipenem increased

from 0.8 to 3.8 % [30•]. Since beta-lactams are a corner-

stone of anti-infective therapy, the authors suggested close

monitoring of the resistance trends.

Data from integrated surveillance brought out another

important aspect of AMR: there is a clear association

between antibiotic use and AMR. The data obtained from

the European Surveillance of Antimicrobial Consumption

and the European Antimicrobial Resistance Surveillance

System correlating the use of antimicrobial agents in

ambulatory care and the resistance trends of 2 major

pathogens, S. pneumoniae and E. coli, clearly suggest that

variation of consumption coincides with the occurrence of

resistance at the country level [31]. A 9-year study from

1999 to 2007, undertaken in the US covering over 300

laboratories, demonstrated that the seasonal trends in

consumption of antibiotics matched with corresponding

increases or decreases in certain antimicrobial resistance

patterns [32]. In 1998, Austin et al. [33] performed an

analysis of the influence of the selective pressure imposed

by the volume of drug use on temporal changes in resis-

tance using population genetic methods and epidemiolog-

ical observations. The analyses indicated that the time scale

for emergence of resistance under a constant selective

pressure is typically much shorter than the decay time after

cessation or decline in the volume of drug use, and that

significant reductions in resistance requires equally sig-

nificant reductions in drug consumption [33]. Therefore,

one needs to be aware of the fact that the impact of

reducing antibiotic use on the reduction of resistance rates

is complex, highlighting the difficulties involved in

reversing resistance once it has become established.

Antimicrobial Surveillance in Ophthalmology

A review of ophthalmic literature suggests that while

antimicrobial resistance is not a new phenomenon in

ophthalmology, most publications on trends of antimicro-

bial resistance among ocular isolates have been generated

by the experience of individual laboratories or institutions

[34–41]. It is only in the last decade that a few large multi-

centre surveillance studies focussing on AMR among

ocular isolates have been published.

First such surveillance study was a review of The Sur-

veillance Network (TSN) data on ocular isolates of S.

aureus submitted from January 2000 to December 2005

[42]. The study showed that the proportion of ocular

infections caused by methicillin-resistant S. aureus

increased from 29.5 % in 2000 to 41.6 % in 2005. The data

also showed that the MRSA ocular isolates were resistant

to 3 or more classes of antibiotics including fluoroquino-

lones, a property similar to the systemic isolates of MRSA.

Another surveillance study is Ocular Tracking Resis-

tance in the U.S. Today (Ocular TRUST). The Ocular

TRUST annually evaluates in vitro antimicrobial suscep-

tibility of S. aureus, S. pneumoniae, and Haemophilus in-

fluenzae to a variety of commonly used ophthalmic

antibiotics including fluoroquinolones, aminoglycosides,

penicillins, macrolids, polymyxin B and trimethoprim at an

independent central laboratory. The first report of the

Ocular TRUST was published in 2008 [43] and comprised

two sections: the first was a prospective surveillance study

conducted from October 2005 through June 2006 wherein 7

eye hospitals and 28 community hospitals from 19 states

submitted ocular isolates, and the second section contained

archived ocular isolates submitted to the longitudinal sur-

veillance program (TRUST) between 1999 and 2006,

which were assessed using methodology identical to that of

the prospective surveillance study. The data showed that

the susceptibility of MSSA for the fluoroquinolones was

79.9 to 81.1 % and that of MRSA was 15.2 %. MRSA

isolates also exhibited high level of resistance to other

classes of antibiotics except trimethoprim that had high

activity against MRSA. All S. pneumoniae isolates were

susceptible to fluoroquinolones except ciprofloxacin to

which some level (10.2 %) of resistance was noticed.

Haemophilus influenzae isolates were 100 % susceptible to

all tested agents except trimethoprim. The data from

archived isolates showed similar findings as the Ocular

TRUST 1 data. The authors concluded that, despite wide-

spread use of fluoroquinolones as systemic therapy, ocular

isolates are maintaining high levels of susceptibility to this

class of antibiotics. The authors, therefore, supported the

use of various fluoroquinolones for prophylaxis as well as

treatment of ocular infections. However, the authors

advised the consideration of alternatives to fluoroquino-

lones if MRSA is a suspected pathogen.

More recent ophthalmic surveillance study is the Anti-

biotic Resistance Monitoring in Ocular Microorganisms

(ARMOR) 2009 [44••]. The study prospectively evaluated
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antimicrobial susceptibility of S. aureus, coagulase-nega-

tive Staphylococci, S. pneumoniae, H. influenzae, and P.

aeruginosa isolated from cases of ocular infections. Thirty-

four institutions across the United States participated in the

study and submitted isolates to a central laboratory for

further testing. Minimum inhibitory concentrations for

various antibiotics were determined by microbroth dilution.

The data from this study showed a no increase or a

marginal reduction of MRSA as compared to data of 2005

from TSN (39 vs. 41.6 %). These prevalence trends of

MRSA among ocular infections were similar to trends in

systemic infections. The second significant finding of this

study was the activity of fluoroquinolones against Staphy-

lococcus. Fluoroquinolones showed significant differences

in their activity against all Staphyloccoci, with basifloxacin

being the most active antibiotics followed by moxifloxacin

and ciprofloxacin; a remarkable shift compared to the

observations made in the Ouclar TRUST study. It can be

argued that the highest activity of basifloxacin is because of

the non-availability of the antibiotic for systemic uses, as

well as the relatively recent introduction for ophthalmology,

again supporting the hypothesis that the level of AMR

correlates with the level of the consumption of antibiotics.

The third observation of the ARMOR 2009 data that has

important clinical applications was the occurrence of non-

susceptibility among P. aeruginosa isolates to third gen-

eration cephalosporins, fluoroquinolones and carbapenems.

The prevalence of resistance ranged from 7 % for ceftaz-

idime and tobramycin to 11 and 13 % for ciprofloxacin and

imipenem, respectively. Further, the ciprofloxacin-resistant

isolates were found to be resistant to other classes of

antibiotics, indicating the emergence of multidrug-resistant

Gram-negative infections in ophthalmology. With only

36.0 % of all S. aureus and 21.5 % of all CNS isolates

being susceptible to the entire drug classes tested, the

emergence of multidrug resistance even in P. aeruginosa is

pointing to an impending threat in the management of

infectious diseases of the eye.

It can be reasonably concluded that the organisms

causing ocular infections are following similar trends as the

organisms causing other systemic infections. In fact, it is

often argued that the resistance among ocular isolates is

primarily due to the inappropriate use of antibiotics for

systemic infections, as well as their use in agriculture and

by the veterinary profession. However, one must be aware

of the fact that there is evidence that points towards the role

of injudicious and prolonged use of topical antibiotics in

promoting drug resistance [45•, 46••, 47, 48].

This review clearly highlights that the data generated

through various surveillance programmes has been of

immense value in enhancing our understanding of the

epidemiology of AMR, both in systemic as well as oph-

thalmic infections. The MRSA have started showing a

declining trend, but a worrisome trend is the increasing

resistance among the Enterobacteriaceae group of organ-

isms. More worrisome is the emergence of multidrug-

resistant pathogens. The surveillance studies have also

established that there is a direct correlation between anti-

microbial consumption and the level of resistance, and that

the reversal of resistance on the cessation of the use of

antibiotics is slow. All these conclusions from various

surveillance studies should help health authorities to design

policies for containing AMR.

However, one must be careful in generalising the con-

clusions from these studies because almost all the current

literature on antibiotic resistance among both systemic and

ocular infections came primarily from the US or Europe,

and thus focus on organisms more prevalent in the West.

Even the three ocular surveillance studies were carried out

on bacterial isolates from the US. Since AMR is largely

dependent on regional or national medical practice pat-

terns, it will be important for each region and nation to

design local surveillance studies.

Realizing that there is no consistent and comparative

data on antimicrobial profiles and antibiotic resistance in

Asia, the Asia Cornea Society proposed a prospective

multi-center study known as the Asia Cornea Society

Infectious Keratitis Study (ACSIKS). Major aims of the

ACSIKS are: to establish the prevalence of eye infections

in developed and developing Asian countries, determine

the causative risk factors, and the range of organisms as

well as antimicrobial resistance patterns. Twelve centres

from 8 countries from the Asia Pacific region are partici-

pating in the study. All participating centres are following a

common microbiology protocol including the set of anti-

biotics for susceptibility tests. The ACSIKS is expected to

provide useful information on AMR patterns among ocular

isolates from this region. Similar efforts are needed in other

geographical areas including Africa, Middle East and

South America. Further, the ophthalmology programs must

have a link or be networked with the programmes focused

on systemic infections. This approach will help us better

understand AMR trends compared to systemic trends.

Conclusion

Antimicrobial resistance is a serious problem not only for

systemic infections but also in ophthalmology. The resis-

tance among Enterobacteriaceae and multidrug resistance

are emerging threats both for systemic and ocular infec-

tions. Since there is a clear association between the use of

antibiotics and the resistance, we need strong antibiotic

policies for containing this challenge. There is also an

urgent need to find new drugs or ways to treat diseases

caused by highly resistant microorganisms.
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