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Purpose: To analyze the clinical manifestations of culture-proven infective keratitis patients over a recent 10-year period.
Methods: We retrospectively reviewed the medical records of 956 cases of infective keratitis between January 2008 and
December 2017 at eight tertiary hospitals. The study was performed to analyze the risk factors, causative microbial organisms,
therapeutic outcomes, and prognosis.

Results: The most common risk factor of keratitis was trauma (33.2%). Initial visual acuity (V/A) was finger count or less in
449 eyes (47.0%). The common location of keratitis was central, and the size was 4 mm? or less. Hypopyon was observed in 295
eyes (30.9%). Of the 1,039 cultured isolates, 443 (42.6%) grew Gram-negative bacteria with the most common being Pseudomonas
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aeruginosa. The most prevalent Gram-positive bacteria was Staphylococcus epidermidis, and fungi was Fusarium species.
Surgical treatments were performed in 201 eyes (21.0%), followed by amniotic membrane transplantation (66 eyes) and
evisceration (44 eyes). Final V/A was 20/100 or more in 422 eyes (44.1%). Gram-positive organisms were highly susceptible to
moxifloxacin and vancomycin, and Gram-negative organisms were highly susceptible to levofloxacin and ceftazidime. An
increase in resistance to these antibiotics was detected for Enterococcus and Pseudomonas.

Conclusions: In South Korea, infective keratitis occurs frequently in eyes with trauma. Staphylococcus epidermidis, Pseudomonas
aeruginosa, and Fusarium species are commonly identified etiologies of microbial keratitis. The appropriate administered medi-
cal and surgical treatments of suspected infectious keratitis can lead to visual improvement with particular care taken to minimize
infection related to resistant bacteria and fungal microbes as needed. An initial /A of 0.02 or less, the presence of hypopyon,
age of 65 years or more, and a central lesion were associated with poor clinical outcome of bacterial keratitis. Age of 70 years or
more was a significant risk factor for poor clinical outcome of fungal keratitis.

J Korean Ophthalmol Soc 2021;62(4):447-462

Keywords: Fusarium, Keratitis, Microbial sensitivity tests, Pseudomonas aeruginosa, Staphylococcus epidermidis
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Table 1. Age and sex distribution of patients with culture-proven infectious keratitis in 8 multicenter

Variable 1 2 3 4 5 6 7 8 Total
Number of visited 200 (20.9) 54 (5.6) 148 (15.5) 166 (17.4) 61 (6.4) 55(3.8) 110(11.5) 162 (16.9) 956 (100)
patients
Age (years) 54.0 + 374 + 60.3 + 65.6 + 48.6 + 548 + 633 +159 669 + 58.9 +
21.6 (1-92) 21.9 (1-85) 18.0(1-96) 15.7 (6-93) 25.7 (7-92) 22.3 (2-98) (14-92) 16.4 (5-96) 20.6 (1-98)
Sex
Male 101 (50.5) 21 (38.9) 67 (45.3) 91(54.8) 22(36.1) 30(54.5) 67 (60.9) 86 (53.1) 485 (50.7)
Female 99 (49.5) 33(61.1) 81 (54.7) 75(45.2) 39(63.9) 25(45.5) 43 (39.1) 76 (46.9) 471 (49.3)

Values are presented as mean + standard deviation (range) or number (%). 1 = Yeungnam University Hospital; 2 = Yonsei University
Hospital; 3 = Seoul National University Hospital; 4 = Chonnam National University Hospital; 5 = Chosun University Hospital; 6 = Pusan
National University Yangsan Hospital, 7 = Gyeongsang National University Hospital; 8 = Jeonbuk National University Hospital.
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Figure 1. Annual percentage of identified microbes for culture-proven infectious keratitis in 8§ multicenter. An increase in the percent-
age of gram-positive isolates occurred, as did a decrease in the percentage of gram-negative isolates over the 10-year period.

Table 2. Microbial causative organism of patients with culture-proven infectious keratitis in 8 multicenter (number of isolates, n =

1,039)

Microbes 1 2 3 4 5 6 7 8 Total

Gram-positive bacteria 65 23 79 55 16 32 49 56 375 (36.1)

Gram-negative bacteria 164 30 57 48 45 17 45 37 443 (42.6)

Fungi 6 12 14 69 3 12 16 85 217 (20.9)

Gram-variable bacteria 0 0 3 0 0 0 0 0 3(0.3)
(Paenibacillus)

Acanthamoeba 0 0 0 0 0 0 1 0 1(0.1)

Values are presented as number (%). 1 = Yeungnam University Hospital; 2 = Yonsei University Hospital; 3 = Seoul National University
Hospital; 4 = Chonnam National University Hospital; 5 = Chosun University Hospital; 6 = Pusan National University Yangsan Hospital; 7
= Gyeongsang National University Hospital; 8 = Jeonbuk National University Hospital.
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Table 3. Bacterial isolates from corneal cultures of eyes diag-
nosed with infectious keratitis in 8 multicenter

Name of the bacterial isolates N}lmber of
isolates
Gram-positive bacteria 375 (100)
Staphylococcus species 208 (55.5)
CoNS 128 (34.1)
S. epidermidis 90 (24.0)
S. aureus 80 (21.3)
Streptococcus species 116 (30.9)
S. pneumoniae 53 (14.1)
Viridans streptococcus 32 (8.5)
Other streptococci 11 2.9)
Enterococcus faecalis, faecium 20 (5.3)
Gram-positive bacilli 15 (4.0)
Corynebacterium species 11 (2.9)
Micrococcus luteus 6 (1.6)
Other gram-positive bacilli 19(5.1)
Gram-negative bacteria 443 (100)
Pseudomonas species 129 (29.1)
P. aeruginosa 88 (19.9)
P. putida 23 (5.2)
Serratia marcescens 68 (15.3)
Enterobacter species (E. cloacae, asburiae) 46 (10.4)
Stenotrophomonas maltophilia 42 (9.5)
Moraxella species 31 (7.0)
Klebsiella species (K. pneumonia, aerogenes) 29 (6.5)
Acinetobacter baumanii 24 (5.4)
Achromobacter xylosoxidans, denitrificans 22 (5.0)
Sphingomonas paucimobilis 6(1.4)
Elizabethkingia species 6(1.4)
Morganella morganii 5(1.1)
Citrobacter koseri, diversus 4(0.9)
Other gram-negative bacteria 31 (7.0)

Values are presented as number (%).
CoNS = Coagulase-negative Staphylococci.
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Table 4. Fungal isolates from corneal cultures of eyes diag-
nosed with infectious keratitis in 8 multicenter

Name of the fungal isolates N}lmber of
isolates
Filamentous fungi 162 (74.7)
Nonpigmented fungi (colorless hyphae) 111 (51.2)
Fusarium species 56 (25.8)
Aspergillus species 25 (11.5)
Penicillium species 11 (5.1)
Paecilomyces species 10 (4.6)
Scedosporium species 4 (1.8)
Acremonium species 3(1.4)
Other nonpigmented fungi 2 (0.9)
Pigmented fungi, dematiaceous (dark hyphae) 36 (16.6)
Alternaria species 32 (14.7)
Curvularia species 3(1.4)
Phialemoniun species 1(0.5)
Mold colony (mold-like fungus) 15 (6.9)
Yeast 52 (24.0)
Candida species 47 (21.7)
Other yeast 52.3)
Miscellaneous fungi 3(1.4)
Total 217 (100)

Values are presented as number (%).
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Table 6. Management procedures of patients with culture-pro-
ven infectious keratitis in 8 multicenter (n = 956)

Treatment
Medical management (topical)
Antibacterial eyedrops

Number of eyes

Moxifloxacin 621 (65.0)
Fortified tobramycin 385 (40.3)
Ceftazidime 328 (34.3)
Vancomycin 249 (26.0)
Fortified cefazolin 195 (20.4)
Antifungal eyedrops
Ampbhotericin B 244 (25.5)
Voriconazole 157 (16.4)
Fluconazole 150 (15.7)
Natamycin 89 (9.3)
Surgical management”
Amniotic membrane transplantation 66 (6.9)
Evisceration or enucleation 44 (4.6)
Penetrating keratoplasty 43 4.5)
Surgical debridement 20 (2.1)
Conjunctival flap 19 2.0)
Corneal button graft 19 (2.0)

Scleral graft 6 (0.6)

Values are presented as number (%).
“Two cases had performed three surgical management. Eleven cas-
es had performed two surgical management.

Table 5. Serial comparisons of cultured isolates of eyes diagnosed with infectious keratitis in 8 multicenter

Microbes Number of isolates (2008-2012) Number of isolates (2013-2017) p—value*
Gram-positive bacteria 148 (32.2) 227 (39.5) 0.015
Staphylococcus species
CoNS 59 (12.8) 70 (12.2) 0.752
S. epidermidis 44 (9.6) 46 (8.0) 0.375
S. aureus 32 (7.0) 48 (8.3) 0.405
Streptococcus species
S. pneumoniae 27 (5.9) 26 (4.5) 0.328
Viridans streptococcus 6 (1.3) 4(0.7) 0.320
Enterococcus species 7 (1.5) 13 (2.3) 0.391
Gram-negative bacteria 226 (49.1) 217 (37.7) <0.001
Pseudomonas species 67 (14.6) 51 (8.9) 0.004
P. aeruginosa 42 (9.1) 46 (8.0) 0.517
Serratia marcescens 36 (7.8) 32 (5.6) 0.145
Enterobacter species 28 (6.1) 18 (3.1) 0.022
Stenotrophomonas maltophilia 24 (5.2) 18 (3.1) 0.091
Moraxella species 15 (3.3) 16 (2.8) 0.654
Fungus 86 (18.7) 131 (22.8) 0.108
Fusarium species 29 (6.3) 27 4.7) 0.256
Alternaria species 9 (2.0) 23 (4.0) 0.059
Aspergillus species 9 (2.0) 16 (2.8) 0.390
Penicillium species 2(0.4) 9 (1.6) 0.078
Candida species 16 (3.5) 31 (5.4) 0.142
Total 460 (100) 575 (100)

Values are presented as number (%).
CoNS = Coagulase-negative Staphylococcus.
*chi-square test.
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Table 7. The change of visual acuity of patients with culture-proven infectious keratitis in 8 multicenter

VA Number of cases Initial VA (logMAR) Final VA (logMAR) p-Value*
Improvement of VA 495 (55.4) 1.42 + 0.86 0.55 + 0.63 <0.001
No change of VA 220 (24.6) 1.95 + 1.20 1.95 +1.20 -

Aggravation of VA 179 (20.0) 1.41 + 1.00 2.16 + 1.19 <0.001
Total 894 (100) 1.55 + 1.01 1.22 + 1.19 <0.001

Values are presented as mean + standard deviation or number (%).
VA = visual acuity; logMAR = the logarithm of the minimum angle of resolution.
“f-test.

Table 8. Clinical manifestations of causative microbial subgroup in patients with culture-proven infectious keratitis in 8 multicenter

Gram-positive Gram-negative Mixed bacterial Combined

.. . . . . Fungal group . * +

Clinical manifestation bacterial group  bacterial group (@ = 194) and fungal group bacterial group ~ p-value
(n = 325) (n = 358) (n = 22) (n = 53)

Mean age (years) 60.1 + 18.6 55.4 +23.2 66.5 + 13.9 64.1 + 13.5 46.8 + 24.6 <0.001*
M:F (total number of cases) 167:158 179:179 101:93 9:13 25:28 0.849
Right eye/left eye/both eye 149/174/2 200/150/8 110/84/0 9/13/0 22/30/1 0.010
Predisposing factor

Ocular trauma 100 (30.8) 110 (30.7) 84 (43.3) 7 (31.8) 15 (28.3) 0.023

Previous ocular disease 93 (28.6) 84 (23.5) 49 (25.3) 6 (27.3) 13 (24.5) 0.650

Prior ocular surgery 44 (13.5) 30 (8.4) 28 (14.4) 3 (13.6) 7 (13.2) 0.168

Contact lens 25(7.7) 75 (20.9) 7 (3.6) 2(9.1) 18 (34.0) <0.001
Visual acuity (logMAR)

Initial visual acuity 1.59 + 0.95 1.54 + 1.08 1.54 + 0.95 1.53 + 1.02 1.44 4+ 1.01 0.904*

Final visual acuity 1.28 + 1.13 1.16 + 1.20 1.30 + 1.21 1.44 + 1.34 0.89 + 1.22 0.138
Ulcer characteristics

Central location 142 (43.7) 187 (52.2) 82 (42.3) 13 (59.1) 29 (54.7) 0.055

Deep infiltration 142 (43.7) 136 (38.0) 113 (58.2) 12 (54.5) 16 (30.2) <0.001

Ulcer size (mm”) 10.7 + 15.5 11.8 +£17.5 11.1 £ 12.6 15.9 +20.4 72+ 113 0.178

Hypopyon 99 (30.5) 108 (30.2) 64 (33.0) 9 (40.9) 15 (28.3) 0.816
Surgical treatment

Evisceration 11 (3.4) 154.2) 16 (8.2) 14.5) 1(1.9) 0.093

Penetrating keratoplasty 15 (4.6) 9 (2.5) 15 (7.7) 3 (13.6) 1(1.9 0.011
Initial treatment failure 157 (50.8) 149 (44.7) 91 (48.7) 13 (59.1) 15 (30.0) 0.045

Values are presented as mean + standard deviation or number (%).

M:F = male:female; logMAR = the logarithm of the minimum angle of resolution.

*Combined bacterial group: two or more gram-positive or gram-negative bacterial pathogen group; ‘the p-value was calculated using chi-square
test; “the p-value was calculated using one-way analysis of variance.
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Table 9. Sub-infectious group analysis of the change of visual acuity of patients with culture-proven infectious keratitis in 8 multi-
center

Gram-positive Gram-negative Mixed bacterial Combined

VA bacterial group bacterial group Fungal group and fungal group bacterial group Total p-value'
Improvement of VA 168 (54.5) 193 (58.5) 96 (52.7) 6 (27.3) 31 (63.3) 494 (55.4)

No change of VA 76 (24.7) 87 (26.4) 38 (20.9) 6 (27.3) 13 (26.5) 220 (24.7) 0.003
Aggravation of VA 64 (20.8) 50 (15.2) 48 (26.4) 10 (45.5) 5(10.2) 177 (19.9)

Total 308 330 182 22 49 891 -

Values are presented as number (%).
VA = visual acuity.
"Combined bacterial group: two or more gram-positive and/or gram-negative bacterial pathogen group; Tchi-square test.

Staphylococcus aureus
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Vancomycin Moxifloxacin  TMP/SMX  Imipenem  Gentamicin Ciprofloxacin Levofloxacin Clindamycin Erythromycin Tetracycline Fusidic acid
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Figure 3. Antibiotic susceptibility profile of methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-susceptible
Staphylococcus aureus (MSSA). Individual tested cases number of antibiotics was shown (number of tested cases in MRSA/number
of tested cases in MSSA). TMP/SMX = trimethoprim/sulfamethoxazole.
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Figure 4. Antibiotic susceptibility profile of methicillin-resistant Staphylococcus epidermidis (MRSE) and methicillin-susceptible
Staphylococcus epidermidis (MSSE). Individual tested cases number of antibiotics was shown (number of tested cases in MRSE/num-
ber of tested cases in MSSE). TMP/SMX = trimethoprim/sulfamethoxazole.
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Figure 5. Antibiotic susceptibility profile of Streptococcus pneumoniae and viridans streptococcus. Individual tested cases number of
antibiotics was shown (number of tested cases in Streptococcus pneumoniae/number of tested cases in viridans streptococcus).

TMP/SMX = trimethoprim/sulfamethoxazole.
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Figure 6. Antibiotic susceptibility profile of Pseudomonas aeruginosa and Serratia marcescens. Individual tested cases number of an-
tibiotics was shown (number of tested cases in Pseudomonas aeruginosa/number of tested cases in Serratia marcescens). TMP/SMX
= trimethoprim/sulfamethoxazole.

Table 10. Resistant bacterial distribution of most susceptible antibiotics for patients with culture-proven infectious keratitis in 8 multi-
center

Resistant cases/tested

. Resistant bacteria (number of isolates)
cases (resistance, %)

In gram-positive bacteria

Moxifloxacin 2/48 (4.2) Enterococcus faecalis (1), Staphylococcus epidermidis (MRSE) (1)

Vancomycin 5/303 (1.7) Enterococcus faecium (VRE) (2), Leuconostoc species (2), Streptococcus viridans (1)

Teicoplanin 2/205 (1.0) Enterococcus faecium (VRE) (2)

In gram-negative bacteria

Levofloxacin 7/174 (4.0) Pseudomonas aeruginosa (2), Pseudomonas species (1), Pseudomonas putida (1),
Acinetobacter baumannii (1), Achromobacter xylosoxidans (1), Stenotrophomonas malto-
Pphilia (1)

Ceftazidime 17/367 (4.6) Stenotrophomonas maltophilia (3), Elizabethkingia meningoseptica (3), Acinetobacter bau-

mannii (2), Klebsiella pneumoniae (2), Achromobacter xylosoxidans (1), Pseudomonas
putida (1), Comamonas testosteroni (1), Ralstonia pickettii (1), Serratia marcescens (1),
Ochrobactrum anthropi (1), Pseudomonas species (1)

MRSE = methicillin-resistant Staphylococcus epidermidis; VRE = vancomycin-resistant enterococcus.

456



ol
QI

at

-9 Q:
TMP/SMX 77.8% (186/239), AL 2ZZ=AFA] 65.5% (131/200),
H EZrALo]E™ 63.5% (165/260), o|e]EZulo]Al 57.0%
(176/309), AT 44.6% (82/184), (MIA)H YA H 28.9%
(39/135) «=olQltt. IS+ AA o A= piperacillin/
tazobactam 97.2% (311/320), Y EZZ A 96.0% (167/174),
MZEFRE 95.4% (350/367), MHH 95.3% (341/358), A

ZRIZ2ALA] 94.3% (313/332), oFu]7FA] 94.0% (344/366),
Aetato] Al 93.1% (325/349), BB atuto]Al 89.7% (140/156),
TMP/SMX 75.1% (260/346), B|Eztrlo]EH 68.3% (43/63),
A E 15.8% (23/146) =ollet. 7H /o] =& oF
Aol &= W/de Kl == Table 100] YFslich 13

A2 At FH = AE(Leuconostoc species)of| Al &

Table 11. Risk factor for poor clinical outcome in the total cohort of patients with culture-proven infectious keratitis in 8§ multicenter

(univariate and multivariate logistic regression analysis)

Variable Univariate ] Multivariate _
Odds ratio 95% CI p-value 0Odds ratio 95% CI p-value
Sex (male) 1.122 0.864-1.457 0.389
Age (=65 years) 3.791 2.873-5.001 <0.001 1.988 1.304-3.032 0.001
DM 2.335 1.651-3.300 <0.001 1.707 0.999-2.919 0.051
Ocular trauma 0.352 0.259-0.480 <0.001 0.849 0.214-3.361 0.815
Previous ocular disease 7.179 5.025-10.257 <0.001 4.240 1.121-16.038 0.033
Prior ocular surgery 3.719 2.353-5.877 <0.001 3.826 1.038-14.097 0.044
Contact lens use 0.090 0.047-0.170 <0.001 0.403 0.085-1.921 0.254
Central lesion 2.753 2.103-3.604 <0.001 1.697 1.116-2.580 0.013
Deep stromal infiltration 3.134 2.383-4.121 <0.001 1.212 0.774-1.898 0.401
Ulcer size >6 mm’ 4.326 3.256-5.747 <0.001 1.826 1.187-2.810 0.006
Initial BCVA <0.02 (Snellen) 10.311 7.566-14.052 <0.001 3.003 1.896-4.756 <0.001
Hypopyon 4.414 3.249-5.996 <0.001 1.997 1.225-3.257 0.006
Endothelial plaque 2.450 1.685-3.564 <0.001 0.846 0.457-1.567 0.595
Gram stain positivity 0.974 0.737-1.287 0.854
KOH stain positivity 0.933 0.626-1.391 0.735
Admission treatment 1.472 1.097-1.974 0.010 0.928 0.567-1.518 0.766

CI = confidence interval; DM = diabetes mellitus; BCVA = best corrected visual acuity; KOH = potassium hydroxide.
"Multivariate logistic regression analysis was performed using the enter method for the factors with the p-value < 0.1 in univariate logistic re-

gression analysis.

Table 12. Risk factor for poor clinical outcome in the total cohort of patients with culture-proven bacterial keratitis in 8 multicenter”

(univariate and multivariate logistic regression analysis)

Variable Univariate Multivariate
Odds ratio 95% CI p-value' Odds ratio 95% CI p-value'

Sex (male) 1.235 0.920-1.657 0.160

Age (=65 years) 4.278 3.128-5.852 <0.001 1.782 1.103-2.878 0.018
DM 2.562 1.729-3.797 <0.001 1.702 0.919-3.154 0.091
Ocular trauma 0.432 0.304-0.613 <0.001 0.704 0.127-3.898 0.688
Previous ocular disease 7.472 5.013-11.136 <0.001 3.239 0.619-16.945 0.164
Prior ocular surgery 2.963 1.794-4.895 <0.001 2.576 0.515-12.879 0.249
Contact lens use 0.084 0.043-0.165 <0.001 0.273 0.041-1.819 0.180
Central lesion 2.690 1.988-3.641 <0.001 1.663 1.032-2.677 0.036
Deep stromal infiltration 3.360 2.460-4.591 <0.001 1.491 0.887-2.507 0.132
Ulcer size >5 mm’ 4.294 3.118-5.913 <0.001 1.599 0.969-2.641 0.066
Initial BCVA <0.02 (Snellen) 12.738 8.898-18.233 <0.001 3.821 2.252-6.483 <0.001
Hypopyon 5.005 3.525-7.108 <0.001 2.124 1.213-3.717 0.008
Endothelial plaque 2.473 1.631-3.751 <0.001 0.609 0.295-1.258 0.181
Gram stain positivity 0.980 0.731-1.358 0.980

Admission treatment 1.459 1.055-2.018 0.023 0.949 0.545-1.652 0.852

CI = confidence interval; DM = diabetes mellitus; BCVA = best corrected visual acuity.
*All bacterial group included: only bacterial group, mixed bacterial and fungal group, and combined bacterial group; "multivariate logistic re-
gression analysis was performed using the enter method for the factors with the p-value < 0.1 in univariate logistic regression analysis.
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Table 13. Risk factor for poor clinical outcome in the total cohort of patients with culture-proven fungal keratitis in 8 multicenter”
(univariate and multivariate logistic regression analysis)

Variable Univariate Multivariate
Odds ratio 95% CI p-value' Odds ratio 95% CI p-value'

Sex (male) 0.780 0.453-1.342 0.369

Age (>70 years) 3.779 2.131-6.699 <0.001 4.601 1.788-11.838 0.002
DM 1.425 0.696-2.916 0.333

Ocular trauma 0.120 0.060-0.239 <0.001 0.305 0.025-3.747 0.354
Previous ocular disease 7.614 3.468-16.718 <0.001 3.533 0.324-38.534 0.301
Prior ocular surgery 11.525 3.318-40.040 <0.001 7.324 0.675-79.454 0.102
Contact lens use 0.122 0.015-0.997 0.050 0.610 0.023-15.997 0.767
Central lesion 2.848 1.620-5.007 <0.001 2.302 0.860-6.165 0.097
Deep stromal infiltration 2.899 1.631-5.154 <0.001 0.476 0.152-1.490 0.203
Ulcer size >6 mm’ 3.110 1.744-5.544 <0.001 0.924 0.337-2.534 0.877
Initial BCVA <0.02 (Snellen) 5.756 3.151-10.517 <0.001 1.492 0.432-5.159 0.527
Hypopyon 3.234 1.761-5.939 <0.001 2.960 0.957-9.157 0.060
Endothelial plaque 2.513 1.085-5.820 0.031 2.127 0.545-8.309 0.278
KOH stain positivity 0.613 0.349-1.076 0.088 0.884 0.352-2.219 0.793
Admission treatment 1.682 0.881-3.212 0.115

CI = confidence interval; DM = diabetes mellitus; BCVA = best corrected visual acuity; KOH = potassium hydroxide.
"All fungal group included: only fungal group and mixed bacterial and fungal group; "multivariate logistic regression analysis was performed
using the enter method for the factors with the p-value < 0.1 in univariate logistic regression analysis.
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