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ABSTRACT

Introduction: The Antibiotic Resistance Moni-
toring in Ocular micRoorganisms (ARMOR)
study is an ongoing nationwide surveillance
program that surveys in vitro antibiotic resis-
tance rates and trends among ocular bacterial
pathogens. We report resistance rates by geo-
graphic region for isolates collected from 2009
through 2016.

Methods: Staphylococcus aureus, coagulase-neg-
ative staphylococci (CoNS), Streptococcus pneu-
moniae, Haemophilus influenzae, and
Pseudomonas aeruginosa isolates from ocular
infections were collected at clinical centers
across the US and categorized by geographic
region based on state. Minimum inhibitory
concentrations (MICs) for various antibiotics
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were determined at a central laboratory, and
isolates were classified as susceptible or resistant
based on established breakpoints. Geographic
differences in methicillin resistance among
staphylococci were evaluated by y* test with
multiple comparisons, whereas geographic dif-
ferences in mean percentage antibiotic resis-
tance were evaluated by one-way analyses of
variance and Tukey’s test.

Results: Overall, 4829 isolates (Midwest, 1886;
West, 1167; Northeast, 1143; South, 633) were
evaluated. Across all regions, azithromycin
resistance  was high among S. aureus
(49.4-67.8%), CoNS (61.0-62.8%), and S. pneu-
moniae (22.3-48.7%), whereas fluoroquinolone
resistance ranged from 26.1% to 47.8% among
S. aureus and CoNS. Across all regions, all
staphylococci were susceptible to vancomycin;
besifloxacin MICs were similar to those of van-
comycin. Geographic differences were observed
for overall mean resistance among S. aureus,
S. pneumoniae, and P. aeruginosa isolates (p
< 0.005); no regional differences were found
among CoNS and H. influenzae isolates. Methi-
cillin resistance in particular was higher among
S. aureus isolates from the South and CoNS iso-
lates from the Midwest (p < 0.006).
Conclusion: This analysis of bacterial isolates
from the ARMOR study demonstrated geo-
graphic variation in resistance rates among
ocular isolates, with greater in vitro resistance
apparent in the South and Midwest for some
organisms. These data may inform clinicians in
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selecting appropriate treatment options for
ocular infections.
Funding: Bausch & Lomb, Inc.

Keywords: Antibiotic  resistance; ARMOR;
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INTRODUCTION

Bacteria, including commensal species, can be
associated with ocular infections including
conjunctivitis, keratitis, blepharitis, uveitis, and
endophthalmitis [1]. If left untreated, such
infections may result in potentially serious
consequences, including permanent loss of
vision [2-4]. While antibiotics are commonly
used to treat ocular infections, resistance to
antibiotics is well known among ocular patho-
gens [1, 5, 6]. Infections due to antibiotic-resis-
tant pathogens are difficult to treat, and
understanding resistance and/or susceptibility
patterns may guide the empirical treatment of
ocular infections [7-9]. Microbial resistance or
susceptibility can show geographic variation,
highlighting the need to identify antibiotic
resistance patterns by geographic region
[4, 6, 10, 11].

Common ocular pathogens in the US
include Staphylococcus aureus, coagulase-nega-
tive staphylococci (CoNS), Streptococcus pneu-
moniae, Pseudomonas aeruginosa, and
Haemophilus influenzae [12]. The Antibiotic
Resistance Monitoring in Ocular micRoorgan-
isms (ARMOR) study is the only ongoing,
prospective, multicenter, national surveillance
study of antibiotic resistance patterns among
bacterial isolates specific to ophthalmology in
the US [9]. Each year since 2009, the ARMOR
study has collected S. aureus, CoNS, S. pneumo-
niae, P.aeruginosa, and H. influenzae isolates
from participating centers for antibiotic resis-
tance monitoring. Overall 1-, 5-, and 7-year
study outcomes have been reported [9, 13, 14].

The purpose of this analysis was to deter-
mine if the antibiotic susceptibility profiles of
common ocular isolates vary by geography in
the US. Here, we report antimicrobial resistance
rates across the Northeast, Midwest, South, and

West regions among isolates collected from
2009 through 2016 as part of the ARMOR study.

METHODS

Participating centers across the US were invited
to submit ocular isolates of S. aureus, CoNS,
S. pneumoniae, H. influenzae, and P. aeruginosa
cultured from 1 January 2009 through 31
December 2016 as part of the ongoing ARMOR
study. As this was a laboratory study, patient
informed consent and institutional review
board approval were not required, and Health
Insurance Portability and Accountability Act
compliance did not apply because samples were
taken as part of routine medical care, unrelated
to the study, and no patient-identifying infor-
mation was collected. The current study was not
registered as a clinical trial since it does not
contain any studies with human participants or
animals performed by any of the authors.

Detailed ARMOR study methodology has
been published previously [9, 13, 14]. Briefly,
minimum inhibitory concentrations (MICs) of
various antibiotics were determined by broth
microdilution at a central laboratory, and MICs
for 90% of isolates (MICqps) were calculated.
Systemic breakpoints, where available, were
used to categorize isolates as resistant (includes
intermediate and full resistance) or susceptible.
Staphylococci were classified as methicillin-
resistant (MR) or methicillin-susceptible (MS)
based on oxacillin susceptibility.

For geographic analyses, isolates were cate-
gorized into Midwest, Northeast, South, and
West regions based on the state of origin
(Fig. 1). Differences in methicillin resistance
among staphylococci by geography were deter-
mined by ® test followed by a multiple-com-
parisons test for proportions, using the p < 0.05
criterion for statistical significance. One-way
analyses of variance (ANOVAs) were performed
by geographic region using the means of the
percentage of drug classes to which each isolate
was resistant. In most cases a single surrogate
antibiotic was chosen to determine sensitivity
or resistance to a drug class. Drug classes ana-
lyzed (and their representative antibiotic)
included fluoroquinolones (ciprofloxacin),
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1143 (23.7%)
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1167 (24.2%)
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633 (13.1%)

Fig. 1 Distribution of ARMOR isolates by geographic
region. Northeast: Connecticut, Delaware, Maine, Mas-
sachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and Vermont. Midwest:
Ilinois, Indiana, Iowa, Kansas, Kentucky, Michigan,
Minnesota, Missouri, Nebraska, North Dakota, Ohio,
South Dakota, and Wisconsin. South: Alabama, Arkansas,
Florida, Georgia, Louisiana, Maryland, Mississippi, North
Carolina, Oklahoma, South Carolina, Tennessee, Texas,
Virginia, and West Virginia. West: Alaska, Arizona,
California, Colorado, Hawaii, Idaho, Montana, Nevada,
New Mexico, Oregon, Utah, Washington, and Wyoming

macrolides (azithromycin), aminoglycosides
(tobramycin), lincosamides (clindamycin),
penicillins (oxacillin/penicillin), folate pathway
inhibitors (trimethoprim), polypeptides (poly-
myxin B), phenicols (chloramphenicol), gly-
copeptides (vancomycin), and tetracyclines
(tetracycline), where applicable by species.
Tukey’s honestly significant difference test for
pairwise differences (using the p < 0.1 criterion
for statistical significance wunless otherwise
indicated) was performed when ANOVAs
showed significance at the p < 0.05 level.

RESULTS

A total of 4829 isolates were collected from 87
sites in 40 US states. Isolates included S. aureus
(n =1695), CoNS (n = 1475, including S. epider-
midis [n=1119]), S.pneumoniae (n = 474),
H.influenzae (n =586), and P.aeruginosa
(n=1599). Of the isolates collected, 1886
(39.1%) originated from 32 sites in the Midwest,
1167 (24.2%) from 14 sites in the West, 1143
(23.7%) from 20 sites in the Northeast, and 633
(13.1%) from 21 sites in the South (Fig.1).

In vitro MICys and resistance profiles by geog-
raphy are presented in Tables 1, 2, and 3.

Compared with other antibiotics, S. aureus
and CoNS isolates, especially the respective MR
subsets, showed notable in vitro resistance to
azithromycin and the fluoroquinolones
(Tables 1 and 2). Among S. pneumoniae isolates,
resistance was observed for azithromycin and
penicillin, whereas resistance was low overall
among P. aeruginosa isolates and negligible
among H. influenzae isolates. Of the fluoro-
quinolones tested, besifloxacin, a chlorofluoro-
quinolone for which susceptibility breakpoints
are not available, had the lowest MICqq against
staphylococcal (including MR isolates) and
streptococcal isolates. Newer fluoroquinolones
(besifloxacin, moxifloxacin, and gatifloxacin)
generally had lower MICyps compared with
older fluoroquinolones (ofloxacin, cipro-
floxacin, and levofloxacin). Ciprofloxacin had
the lowest MICqo against P.aeruginosa and,
along with gatifloxacin, the lowest MICyq
against H. influenzae.

Among S. aureus and CoNS, 621 and 717 iso-
lates were MR (MRSA and MRCoNS), whereas
1074 and 758 isolates were MS (MSSA and
MSCoNY), respectively. Resistance to methicillin
varied by geographic region among both S. aureus
and CoNS isolates (p < 0.006; Fig.2). Among
S. aureus isolates, the proportions of MRSA isolates
were 48.5, 40.1%, 36.0%, and 24.4% in the South,
Midwest, Northeast, and West, respectively, with
pairwise differences observed between the South
and Northeast and between the West and all other
regions (Fig. 2A). The proportions of MRCoNS
isolates were 53.8% in the Midwest, 51.1% in the
South, 44.3% in the Northeast, and 44.1% in the
West, with significant pairwise differences found
between the Midwest and both the Northeast and
West (Fig. 2B).

Analysis of the overall mean percentage of
resistance showed variations based on the geo-
graphic region for S. aureus (p < 0.001), S. pneu-
moniae (p < 0.001), and P. aeruginosa
(p = 0.005), despite low overall resistance for
P. aeruginosa (Fig. 3). Among S. aureus isolates,
mean [standard error (SE)] percentage of resis-
tance was highest in the South [28.1% (1.5%)]
and lowest in the West [16.8% (1.1%); Fig. 3A].
Among S. pneumoniae isolates, mean (SE)
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Table 1 In vitro MICys (pg/ml) and resistance profiles for Staphylococcus aurens, MRSA, and MSSA

Organism  Antibiotic

Geographic region

West Midwest Northeast South
n %R MICyy n %R MICyy n %R MICyy n %R MICy,
S. aureus  Vancomycin 389 00 1 659 00 1 414 00 1 233 00 1
Besifloxacin 389 NA 05 659 NA 1 414 NA 1 233 NA 2
Moxifloxacin 389 265 4 659 337 4 414 338 8 233 451 8
Gatifloxacin 345 261 4 605 334 4 363 361 8 182 478 16
Ciprofloxacin 389 275 32 659 357 128 414 372 256 233 472 256
Levofloxacin 345 264 8 605 337 16 363 361 32 182 47.8 128
Ofloxacin 345 270 >38 605 341 >38 363 372 >8 182 478 > 38
Clindamycin 389 157 >2 659 172 >2 414 138 >2 233 129 >2
Chloramphenicol 345 29 8 605 84 8 363 58 8 182 50 8
Azithromycin 389 494 >512 659 625 >512 414 640 >S512 233 678 >512
Tobramycin 389 116 32 659 17.8 256 414 19.6 256 233 223 256
Tetracycline 148 20 05 188 69 05 74 27 05 9 00 -
Trimethoprim 345 26 2 605 3.6 4 363 4.1 2 182 104 16
MRSA Vancomycin 95 00 1 264 00 1 149 00 1 113 00 1
Besifloxacin 95 NA 1 264 NA 1 149 NA 4 113 NA 2
Moxifloxacin 95 874 8 264 621 8 149 779 32 113 788 16
Gatifloxacin 81 852 8 241 622 8 135 793 64 86 837 16
Ciprofloxacin 95 884 256 264 655 256 149 80.5 256 113 814 256
Levofloxacin 81 864 32 241 627 32 135 80.0 256 86 837 128
Ofloxacin 81 864 64 241 635 >38 135 800 >38 8 837 >8
Clindamycin 95 379 >16 264 330 >2 149 295 >2 113 186 >2
Chloramphenicol 81 62 8 241 133 16 135 11.1 16 8 58 8
Azithromycin 95 874 >512 264 936 >512 149 953 >512 113 920 > 512
Tobramycin 95 358 >256 264 38.6 256 149 490 >256 113 407 256
Tetracycline 30 67 05 57 123 16 15 67 4 1 00 -
Trimethoprim 81 00 2 241 29 2 135 82 4 86 163 > 128
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Table 1 continued
Organism  Antibiotic Geographic region
West Midwest Northeast South
n %R MICoyy n %R MICsy 7 %R MICyy 7 %R MICyp
MSSA Vancomycin 294 00 1 395 00 1 265 00 1 120 0.0 1
Besifloxacin 294 NA 0.06 395 NA 025 265 NA 025 120 NA 0.25
Moxifloxacin 294 6.8 0.12 395 147 2 265 9.1 05 120 133 1
Gatifloxacin 264 80 0.25 364 143 2 228 105 1 96 156 2
Ciprofloxacin 294 78 1 395 157 8 265 12.8 4 120 150 8
Levofloxacin 264 80 05 364 146 4 228 101 2 96 156 8
Ofloxacin 264 87 1 364 146 8 228 119 8 9 156 >8
Clindamycin 294 85 0.25 395 6.6 025 265 49 012 120 75 0.25
Chloramphenicol 264 19 8 364 52 8 228 26 8 9% 42 8
Azithromycin 294 37.1 >512 395 418 >512 265 464 >512 120 45.0 > 512
Tobramycin 294 37 05 395 38 05 265 30 1 120 50 1
Tetracycline 118 09 05 131 46 05 59 17 05 8 00 -
Trimethoprim 264 34 2 364 41 4 228 1.8 2 9% 52 2

- < 10 isolates, %R percentage resistance (refers to all non-susceptible isolates), MICyy minimum inhibitory concentration
at which 90% of the isolates were inhibited, MRSA methicillin-resistant S. aureus, MSSA methicillin-susceptible S. aureus,

N4 interpretive breakpoints not available/not applicable

percentage of resistance was 14.5% (1.0%),
11.9% (1.8%), 9.9% (1.4%), and 7.6% (1.3%) in
the Midwest, South, Northeast, and West,
respectively, with pairwise differences observed
between the Midwest and both the Northeast
and West (Fig. 3B). For P. aeruginosa isolates, the
mean (SE) percentage of resistance was 8.5%
(1.1%), 5.4% (1.3%), 3.6% (1.6%), and 2.9%
(1.4%) in the Midwest, Northeast, South, and
West, with pairwise differences observed
between the Midwest and both the South and
West (Fig. 3C). No regional differences in over-
all mean resistance rates were observed among
CoNS (Fig. 3D) or H. influenzae isolates (both
p > 0.05; Fig. 3E).

DISCUSSION

The ARMOR study continues to provide
important insights on in vitro antibiotic resis-
tance among ocular pathogens in the US. The

current analysis provides information on
antibiotic resistance trends by geographic
region among ARMOR pathogens isolated from
ocular infections and expands upon the find-
ings reported previously for the 5-year cumula-
tive ARMOR data set through inclusion of an
additional 1600 isolates collected in the 3
ensuing years from 15 additional clinical sites.

Overall, and consistent with previous
reporting, analysis of the current cumulative
data set highlights relatively high in vitro
antibiotic resistance among staphylococci to
methicillin, azithromycin, and  fluoro-
quinolones across the various geographies
[9, 13, 14]. Methicillin-resistant staphylococcal
isolates showed the highest resistance rates, a
finding that has been corroborated in other
studies [6, 15, 16]. In contrast, but as expected
based on the previous analysis, in vitro resis-
tance among S. pneumoniae isolates appeared
lower and largely limited to azithromycin and
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Table 2 In vitro MICygs (pg/ml) and resistance profiles for CoNS, MRCoNS, and MSCoNS$

Organism  Antibiotic

Geographic region

West Midwest Northeast South
n %R MICyy n %R MICyy n %R MICyy n %R MICy,
CoNS Vancomycin 397 00 2 548 0.0 2 350 0.0 2 180 0.0 2
Besifloxacin 397 NA 2 548 NA 2 350 NA 2 180 NA 2
Moxifloxacin 397 272 8 548 30.8 16 350 314 16 180 40.0 16
Gatifloxacin 371 302 16 505 337 16 311 328 16 144 389 32
Ciprofloxacin 397 317 64 548 347 64 350 346 64 180 433 64
Levofloxacin 371 30.7 128 505 33.7 128 311 33.8 128 144 389 128
Ofloxacin 371 313 >8 505 343 >8 311 338 >38 144 389 >38
Clindamycin 397 254 >2 548 27.6 8 350 269 >2 180 217 >2
Chloramphenicol 371 1.9 4 505 1.2 8 311 06 4 144 0.7 8
Azithromycin 397 61.0 >512 548 61.0 >512 350 61.1 >512 180 628 > 512
Tobramycin 397 171 8 548 17.7 16 350 157 8 180 167 8
Tetracycline 154 175 > 16 157 102 8 68 147 8 2 00 -
Trimethoprim 371 275 256 505 26.1 >128 311 293 > 128 144 326 > 128
MRCoNS  Vancomycin 175 00 2 295 00 2 155 00 2 92 00 2
Besifloxacin 175 NA 4 295 NA 4 155 NA 4 92 NA 4
Moxifloxacin 175 469 32 295 498 32 155 555 32 92 587 32
Gatifloxacin 162 53.1 32 269 550 32 135 585 64 75 60.0 32
Ciprofloxacin 175 554 64 295 563 64 155 60.7 64 92 641 64
Levofloxacin 162 543 256 269 554 128 135 60.0 256 75 60.0 128
Ofloxacin 162 543 16 269 561 32 135 600 > 8 75 60.0 >8
Clindamycin 175 394 > 16 295 353 >16 155 374 > 16 92 304 >2
Chloramphenicol 162 12 8 269 19 8 135 15 8 75 13 8
Azithromycin 175 783 >512 295 776 >512 155 787 >512 92 794 >512
Tobramycin 175 28.0 16 295 285 32 155 284 32 92 239 16
Tetracycline 65 231 >16 87 161 > 16 23 87 2 1 00 -
Trimethoprim 162 40.1 >256 269 405 >256 135 452 > 128 75 427 > 128
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Table 2 continued
Organism  Antibiotic Geographic region
West Midwest Northeast South
n %R MICyy n %R MICyy n %R MICsyy 7 %R MICy,
MSCoNS  Vancomycin 222 00 2 253 00 2 195 00 2 88 00 2
Besifloxacin 222 NA 025 253 NA 0.12 195 NA 025 88 NA 05
Moxifloxacin 222 117 1 253 87 025 195 123 1 88 205 2
Gatifloxacin 209 124 1 236 9.3 025 176 13.1 2 69 159 2
Ciprofloxacin 222 131 4 253 95 1 195 139 8 88 216 64
Levofloxacin 209 124 4 236 89 05 176 13.6 4 69 159 8
Ofloxacin 209 134 8 236 93 1 176 13.6 8 69 159 >38
Clindamycin 222 144 1 253 186 >2 195 185 2 88 125 1
Chloramphenicol 209 24 4 236 04 4 176 0.0 4 69 00 4
Azithromycin 222 473 >512 253 415 >512 195 472 >512 88 455 >512
Tobramycin 222 86 4 253 51 2 195 56 4 88 9.1 4
Tetracycline 89 135 >16 70 29 1 45 178 8 1 00 -
Trimethoprim 209 17.7 256 236 9.8 8 176 17.1 64 69 217 > 128

— < 10 isolates, %R percentage resistance (refers to all non-susceptible isolates), CoNS coagulase-negative staphylococci,
MICyy minimum inhibitory concentration at which 90% of the isolates were inhibited, MRCoNS methicillin-resistant
CoNS, MSCoNS methicillin-susceptible CoNS, NA interpretive breakpoints not available/not applicable

penicillin, and there was low-to-minimal
in vitro resistance among P. aeruginosa and H.
influenzae isolates. Specific analysis by geogra-
phy showed that resistance to methicillin varied
by region, with the highest resistance among
S. aureus isolates in the South and CoNS isolates
in both the Midwest and South. The findings for
S. aureus isolates are consistent with those
reported by Blanco et al., who observed higher
methicillin resistance among S. aureus isolates
from the South [17]. While the geographic
trend for resistance among S. aureus isolates is
consistent with the 5-year ARMOR results,
methicillin resistance was slightly lower in
S. aureus in the current analyses (36.6%) than in
the 5-year analysis (42.2%) [14]. This decrease is
not unexpected given that a decrease in
methicillin resistance over time was observed in
the 7-year ARMOR results [9]. Further differ-
ences by geography were found for overall
mean percentage of resistance among S. aureus,

S. pneumoniae, and P. aeruginosa isolates, with
the highest rates in the South for S. aureus and
the Midwest for both S.pneumoniae and
P. aeruginosa.  General geographic trends
observed with S. pneumoniae and P. aeruginosa
showed high resistance rates in the Midwest,
similar to that reported in the 5-year findings
[14].

Comparisons of cumulative MICgos showed
wide variations among fluoroquinolones,
particularly against staphylococci, with newer
fluoroquinolones having lower MICqps than
older fluoroquinolones and besifloxacin having
an MICoy most comparable to that of van-
comycin. Although not analyzed, MICqos did
not appear to differ by region and were consis-
tent (within few dilutions) with the previous
reports of ARMOR, other single-study reports of
ocular isolates, and national systemic surveys
[9, 13-15, 18-22]. Besifloxacin, a chlorofluoro-
quinolone for which interpretive breakpoints
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Table 3 In vitro MICys (ng/ml) and resistance profiles for Streptococcus pneumoniae, Pseudomonas aeruginosa, and Hae-
maophilus influenzae

Organism Antibiotic Geographic region
West Midwest Northeast South
n %R MICyy = %R MICy, = %R MICyy 7 %R MICy

S. pneumoniae Besifloxacin 121 NA 0.06 191 NA 0.06 103 NA 0.12 59 NA 0.06
Moxifloxacin 121 0.0 0.12 191 0.0 0.25 103 1.0 0.25 59 00 0.12
Gatifloxacin 105 1.0 0.25 171 0.0 0.25 8 0.0 025 37 00 025
Ciprofloxacin 121 NA 1 191 NA 1 103 NA 2 59 NA 1
Levofloxacin 105 0.0 1 171 00 1 86 0.0 1 37 00 1
Ofloxacin 105 0.0 2 171 00 2 86 12 2 37 27 2
Chloramphenicol 121 41 4 191 21 4 103 29 4 59 00 2
Penicillin® 121 223 025 191 419 1 103 301 1 59 339 2
Azithromycin 121 223 16 191 48.7 256 103 29.1 256 59 339 32
Tobramycin 121 NA 32 191 NA 32 103 NA 32 59 NA 32
Tetracycline 28 36 025 45 178 >4 18 56 025 1 00 -
Trimethoprim 105 NA 128 171 NA 128 86 NA 64 37 NA 32

P. aeruginosa  Vancomycin 120 NA >16 18 NA >16 133 NA >16 60 NA >16
Besifloxacin 138 NA 2 215 NA 4 154 NA 4 92 NA 4
Moxifloxacin 138 NA 4 215 NA 4 154 NA 4 92 NA 4
Gatifloxacin 120 33 1 186 75 2 133 45 2 60 83 2
Ciprofloxacin 138 43 0.5 215 88 1 154 33 025 92 65 05
Levofloxacin 120 25 1 186 75 1 133 3.0 1 60 83 1
Ofloxacin 120 33 1 186 97 2 133 68 2 60 100 2
Azithromycin 138 NA 512 215 NA 512 154 NA 512 92 NA 512
Chloramphenicol 138 NA 128 215 NA 128 154 NA 128 92 NA 128
Polymyxin B 120 1.7 2 186 124 4 133 12.0 4 60 33 2
Tetracycline 50 NA >16 57 NA 16 36 NA 16 2 NA -
Tobramycin 138 15 1 215 42 1 154 20 1 92 1.1 1

A\ Adis



Ophthalmol Ther (2018) 7:417-429

425

Table 3 continued

Organism Antibiotic Geographic region
West Midwest Northeast South
#n %R MICyy 7 %R MICyy n %R MICyy n %R MICy,
H. influenzae  Besifloxacin 122 NA 0.03 273 NA 0.03 122 NA 0.03 69 NA 0.03
Moxifloxacin 122 0.8 0.03 273 0.0 0.06 122 0.0 0.06 69 0.0 0.03
Gatifloxacin 108 09 0.015 252 0.0 0.015 108 0.0 0.015 45 0.0 0.015
Ciprofloxacin 122 0.8 0.015 273 0.0 0.015 122 0.0 0.015 69 00 0015
Levofloxacin 108 09 0.03 252 0.0 0.03 108 0.0 0.03 45 0.0 0.015
Ofloxacin 108 0.9 0.06 252 0.0 0.03 108 0.0 0.06 45 00 0.03
Azithromycin 122 0.0 2 273 1.1 2 122 0.0 2 69 00 2
Chloramphenicol 122 0.0 05 273 07 05 122 0.8 05 69 00 1
Penicillin 122 NA >4 273 NA >4 122 NA >4 69 NA >4
Polymyxin B 108 NA 1 252 NA 2 108 NA 2 45 NA 2
Tetracycline 53 00 0.5 89 23 05 11 182 8 7 00 -
Tobramycin 122 NA 2 273 NA 2 122 NA 2 69 NA 4

— < 10 isolates, %R percentage resistance (refers to all non-susceptible isolates), MICgy minimum inhibitory concentration
at which 90% of the isolates were inhibited, NA interpretive breakpoints not available/not applicable

* Oral penicillin breakpoints applied

are not available, was approved by the US Food
and Drug Administration for use in 2009 [19],
and in vitro MICqos have not varied substan-
tially since its introduction [9, 13, 14, 19].
Compared with other fluoroquinolones, besi-
floxacin has more balanced targeting of DNA
gyrase and topoisomeraseIV; this, in turn,
results in the need for multistep mutations and
reduces the possibility of spontaneous resis-
tance [23-25]. Furthermore, besifloxacin may
have a lower incidence of resistance develop-
ment due to its use being limited to topical
ophthalmic infections only, although cross-re-
sistance from other fluoroquinolones is possible
[26].

Although the literature contains antibiotic
resistance data by geography for systemic
infections [11, 27, 28], very few studies are
available that describe geographic differences in
antibiotic resistance rates among ocular patho-
gens [14, 16]. A prospective cohort study of
systemic MRSA infections from 20 sites across

the US suggested that meteorologic factors and
geographic location play a role in MRSA colo-
nization [17]. The study results indicated a
negative association between latitude and col-
onization (p = 0.001), with MRSA colonization
being higher in the South than in the North
[17]. It follows that these factors may be asso-
ciated with colonization of other microorgan-
isms as well. Overuse and inappropriate
prescribing have been associated with the crisis
of antibiotic resistance [29]. Variations in the
prescribing patterns of antibiotics may be asso-
ciated with the differences in antibiotic resis-
tance rates across geographies.

Limitations of this study include potential
sampling bias owing to the practice of infre-
quent culturing of bacteria involved in ocular
infections. In the absence of specific break-
points for ocular isolates, systemic criteria were
used to interpret MIC data, which may be of
limited value given expected differences in
antibiotic concentrations achieved following
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Fig. 3 Mean percentage resistance by geographic region
for A Staphylococcus aureus, B Streptococcus pneumoniae,
C Pseudomonas aeruginosa, D CoNS, and E Hae-
mophilus influenzae. *Tukey’s test performed using a

topical versus systemic administration. More-
over, not all topical ophthalmic antibiotics
could be included, and one may debate the

n=273 n=122 n=69
Geographic Region

n=122

p < 0.05 criterion for statistical significance; bars sharing
the same letter (a, b, ¢) are not significantly different.
ANOVA analysis of variance; CoNS coagulase-negative
staphylococci; SEM standard error of the mean

choice of antibiotics tested. Identification of the
reasons for underlying geographic variability in
resistance rates was outside the scope of this
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study. A limitation specific to this analysis is the
subjective delineation of the geographic
regions, implemented for comparison with
previously published data [14]. Alternate regio-
nal divisions were possible with more evenly
matched numbers of participating sites, further
lessening potential sampling bias.

CONCLUSIONS

Findings from the ARMOR study suggest that
in vitro antibiotic resistance rates among ocular
S. aureus, S. pneumoniae, and P. aeruginosa iso-
lates vary across different regions of the US,
with the South and Midwest identified as
regions of potential resistance concerns. Data
related to geographic distribution of resistant
ocular microorganisms may be useful during
empirical prescription of antibiotics.
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