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Abstract
This retrospective descriptive study aimed to investigate the microbiological
characteristics, antimicrobial susceptibility pattems, patient characteristics and

predisposing factors contributing to infectious keratitis in patients clinically diagnosed with
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infectious keratitis who underwent corneal tissue scraping for laboratory investigation at
Chiangkham Hospital. Data were collected from patient medical records between January
2019 and December 2023, totaling 120 patients.Information gathered includes age, gender,
occupation, underlying diseases, predisposing factors for infectious corneal ulcers,
laboratory results from corneal tissue scraping, and antimicrobial susceptibility patterns of

the identified pathogens. Data were analyzed using descriptive statistics.

The study results revealed that the average age of the sample group was
57.4 + 13.3 years, with 80 males (66.7%). The most common occupation was farmer (55%),
and the most prevalent comorbidity was diabetes mellitus (23.3%). The most frequent
predisposing factor for infectious keratitis was ocular trauma (56%). Positive culture results
were obtained in 64 patients, 53.3% of cases, with bacterial and fungal pathogens both
being commonly identified in 43.8% and 48.4%, respectively. Among bacterial isolates,
Pseudomonas aeruginosa was the most common pathogen (25%), while filamentous fungi
were the most prevalent among fungal isolates (15%). Ocular trauma caused by
agricultural materials was significantly associated with fungal.infections (p = 0.004), while
contact lens use was associated with bacterial infections (p = 0.045). All bacterial isolates,
including both gram-positive and gram-negative bacteria, demonstrated 100%
susceptibility to fluoroquinolones, making this class of antibiotics an optimal choice for
the treatment of bacterial corneal infections:

Keywords: infectious keratitis, cornealiulcer, predisposing factors
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21-40 10 8.3
41-60 63 52.5
61-80 40 333
>80 5 4.2
LW
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NN 40 33.3
e (419
LU 69 57.5
STaNCietd 51 42.5
TsaUszaA2 (Aw)
laifilsauszanda 60 50.0
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15ANN9TEUU (systemic disease) 8 6.7
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Gram stain

Positive 28 233
Gram positive organisms 8 6.7
Gram negative organisms 18 15.0
Mixed organisms 2 1.7

Negative 92 76.7

Potassium hydroxide (KOH)

Positive 35 29.2
71d78 (mold) 28 233
swilaluagiAel (yeast) 7 5.8

Negative 85 70.8

NﬁLW’]%L%’e]
Positive 64 533

Negative 56 a6.7
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Smear positive and culture positive a9 40.8
Smear positive and culture negative 12 10.0
Smear negative and culture positive 15 125
Smear negative and culture negative a4 36.7
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Streptococci 3 au (5ovag 4.7) W‘UL%@ Staphylococcus coagulase negative Wway Klebsiella
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Gram positive bacteria
Streptococcus pneumoniae 3 a7
Alpha-hemolytic Streptococci 3 a7
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Gram negative bacteria
Pseudomonas aeruginosa 16 25
Klebsiella pneumoniae 2 3.1
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Pseudomonas aeruginosa Wag Streptococcus pneumoniae 1 1.6
Pseudomonas aeruginosa Wag Staphylococcus coagulase negative 1 1.6
31 31 48.4
31678 (mold) 18 28.1
SuaEaaLAYT (yeast)
Candida albican 5 7.8
Unidentified funsgus 8 12.5
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Pseudomonas aeruginosa Wag Candida albican

Pseudomonas aeruginosa Wag 31618

Pseudomonas aeruginosa ¢ unidentified fungus

Staphylococcus coagulase negative WLag 31818
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Suauaudinae (Jovaz) p-value
JeuuaiiSe (n=28) @as1 (n=31)
TsaUszanan (Aw)
Lusilsauszaen 15.(53.6) 15 (48.4) 0.796*
Tsawnu 7(25.0) 13 (41.9) 0.271*
13AN9TEUU 4(14.3) 2 (6.5) 0.409%
TspBue 1oy eowdulatings leusfuly 2(7.1) 1(3.2) 0.600*
EPRREGE
Uadenszeu
M3tAngURmNNI99
SRR TSK 6(21.4) 2 (6.5) 0.134*
- Fagmanisinees (e Tuld 10 (35.7) 23(74.2) 0.004*
Adlel Fiu A ve n9)
mslalauddudia 4(14.3) 0(0) 0.045*
15AT09HIN 6 (21.4) 3(9.7) 0.285%
Tsanenme 4(14.3) 2(6.5) 0.409*
wrelASUNSHIARANN DY 5(17.9) 2(6.5) 0.168*
ogdy (D) 53.82 + 16.09 58.87 + 13.06 0.189**

* Fisher's Exact test, ** independent t-test
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wmaaumqwﬁ’wﬁumawwﬁmﬂﬁqmﬁmmaaé’uzﬁgﬂ Lﬁfflavlﬁ (minimum inhibitory concentration;
MIC) wui e Pseudomonas aeruginosa ﬁwumﬂﬁqﬂumiﬁﬂmﬁ fimnulaSevas 100 e
mﬂﬁ%uzwgwwﬂummaau Tawn Ciprofloxacin, Tobramycin, Gentamicin, Amikacin,
Ceftazidime, Imipenem Wag Meropenem

dmiulouunaiiFeunsuuan We Streptococcus pneumoniae finnalaosay 100 sie
81 Ofloxacin, Ceftriaxone, Clindamycin, Penicillin, Erythromycin, Vancomycin & 384
Uszansamlunisreduded urtinudumudesas 25 soen Chloramphenicol W@e Alpha-
hemolytic Streptococci dad1ul3a50way 100 # 981 Ofloxacin, Clindamycin, Penicillin,
Vancomycin uwasianusuniuisuag 67 aeen Erythromycin uwaziesay 33 aegn Ceftriaxone
e e Chloramphenicol L“l‘?ya Staphylococcus coagulase negative danulifesas 100 aeen
Ofloxacin, Ceftriaxone, Erythromycin, Vancomycin k@ T A214% 1UN1US 88 ag 750 081
Penicillin waz$oeaz 25 A 81 Chloramphenicol wa e Clindamycin Tugdua oa1d suuadice
LASUAUNUT W Klebsiella pneumoniae finudmumufesas 1006887 Penicillin waz3os
ay¥ 50 moen Cefazolin wailmnuladpeay 100 Aeen Ciprofloxacin, Tobramycin, Gentamicin,
Amikacin, Ceftriaxone, Ceftazidime

dw¥uidesmuin We Candida albican fmmuladesay 100 desdudesmioualy
YANAHADY Tawn Amphotericin B, Fluconazole, Voriconazole, Caspofungin, Flucytosine Wag
Micafungin fan15197i 6

M13199 6 AulvendouuaiiBekasiio e dnugadn laen1smaaeunieds MIC

Yo Foudrugadn aulasiaen AUAIUNIUGADEYN
(AL) AY (Fovaz) AY (Fovaz)
Streptococcus Ofloxacin 4 (100) 0 (0)
pheumoniae Ceftriaxone 4 (100) 0 (0)
(n=4) Chloramphenicol 3 (75) 1 (25)
Clindamycin 4 (100) 0 (0)
Penicillin 4 (100) 0 (0)
Erythromycin 4 (100) 0 (0)
Vancomycin 4 (100) 0 (0)
Alpha-hemolytic Ofloxacin 3 (100) 0 (0)
Streptococci Ceftriaxone 2 (67) 1(33)
(n=3) Chloramphenicol 2 (67) 1(33)

Clindamycin 3 (100) 0 (0)
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Penicillin 3 (100) 0 (0)
Erythromycin 1(33) 2 (67)
Vancomycin 3 (100) 0 (0)
Staphylococcus Ofloxacin 4 (100) 0 (0)
coagulase negative Ceftriaxone 4 (100) 0 (0)
(n=4) Chloramphenicol 3 (75) 1 (25)
Clindamycin 3 (75) 1 (25)
Penicillin 1 (25) 3 (75)
Erythromycin 4 (100) 0 (0)
Vancomycin 4 (100) 0 (0)
Pseudomonas Ciprofloxacin 21 (100) 0 (0)
aeruginosa Tobramycin 21 (100) 0 (0)
(n=21) Gentamicin 21 (100) 00)
Amikacin 21 (100) 0(0)
Ceftazidime 21 (100) 0 (0)
Imipenem 21 (100) 0 (0)
Meropenem 21.(100) 0 (0)
Candida albican Amphotericin B 6:(100) 0 (0)
(n=6) Fluconazole 6 (100) 0 (0)
Voriconazole 6 (100) 0 (0)
Caspofungin 6 (100) 0 (0)
Flucytosine 6 (100) 0 (0)
Micafungin 6 (100) 0 (0)
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Fluoroquinolones (Oftoxacin, Ciprofloxacin) agnaiulédn (Sesar 100) WonuaiSeunsuumn
faulase Vancomycin fasay 100 d2ud suuaiiounsuaudaiulineslungy
Aminoglycosides (Tobramycin, Gentamicin, Amikacin) kay Ceftazidime 39way 100
aAUs1gNaN153Y
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U8 TNUR Acanthamoeba fiusyiflauianysniding Jee1aazvanlainislaudianysn
Wradutladedeaiduiiusiunisinide Acanthamoeba
Tun1s@nwiil v ewuailiseiiiluanvgveanisdad ofl nszanai nuuni anfe
Pseudomonas aeruginosa Wi anunisdinwduluussmelng #1212 yananlidanudn gild
fu o U o sy a & o & Y oag o o A
wudduda duiusiunisin@euuafiiseuinnitie (p = 0.045) TnggUlenldiauddulanua
Wzl ol auInys 4 au (Sevaz 100) AALY © Pseudomonas aeruginosa Wan13@ NIl
Yy o A o s a a0 aq] A N v g o
denndasiunenuivilulsime wias ssueman sadunssife si . Anudnfovay 90 Vel Ny
fu o d’lj I . = Y ' [y
wuddudainameiieilu Pseudomonas aeruginosa FauandlyitiuinnMgnsLNASIAUIN
Wesllauduiusiunisldiaudduiatdosnd
o [y & 1| 1 = = & oA =
dmiuidesmuindungusate (mold) unige Fadunduinelsaunigaluyseine
lng eeamnmaisnuuinnintuanimneinia Soun3es outu® M 1991NLYAB NIANUTIIENY
Candida spp. 1100372t AnuLde weIn1sanlliainsyanaagiindulunsaniinisuindunig
a1 lnglmeningadesiuiagmisnianuns (p = 0.004) AstulsAnsyanABNEUNNERTIRINY
wnndttuguyunensnssy lunsfinwilldamsassysiavesdenasla venlaievindungy
1878 WeeNiiTodNaNn AN sdm I amMesUURNT WedmensdLnnskento sty
na usateliaunsavinlaeaiilsaneruiadesi nindeinisdmsadndudesdslunsian
wheaunteuen lldlinsdunzuenideslunguibiunatns dulumnasdeinduiely
nausany eniasanlienaseungueilluseninansenamizie
Fududaiauouurin fuielsanszanmdnduannisindenfanuaeniadinmio
WaluafiSeNunnwag senan sz we. siudsiieniivseiinsldiauddula  adslven
UfT1ueinsaunquile Pseudomonas aeruginosa Linau d@llumeniiuseiflasugufimami
miAnandannninnens Ysgtnnngh Tulyd Ady #u fiu n51e 819 9mvziansanliediu
491 ! ¥ d‘ U U 6 o a ‘&J ! a o o o aa 1
Wes15 38 Wesnwuanddiiusiunsinidesegalitdud Ay neadia (p = 0.004) o814l
finuaisinsansuiudnvugnndiinvesvieieusenaunisdndulalunsiny 1ledain
NNNSANILNUIINSINzelRaUINiesTogay 53.3
Tutagtumuhvesteuwuaiise dos1UTiusiinsdsullatagmaiiios Nsvngaau
auhveadenuenldnngthesesdimugadniadudadndu diedenldenmunzaunsofau
Ao o @ - = ' & aa O - au &Y
ganasldlunisinwiieanaimdeniesonszane WeouuaiiGeviauniuenlaluadfeing

unsuUINazLNINaY dAulasiosn Fluoroquinolones (Ofloxacin, Ciprofloxacin) Seeaz 100

=

FafoiduenuivandmSuldshwin1sinenuafitseNinsyanai 81 Vancomycin fina1uln
Sagay 100 AaLl auuAN3awNINUIN luvaeNenlung u Aminoglycosides (Tobramycin,

Gentamicin, Amikacin) kag Ceftazidime finuli3eeay 100 Aol uAiSyLASUAU



13

dmiuilion wuinde Candida albican fruilh¥esas 100 sesdmudesmanualy
YANAFDU Town Amphotericin B, Fluconazole, Voriconazole, Caspofungin, Flucytosine Wag
Micafungin egslsimu fesrinvesnisinuiiiie nsildannsanaaeualisosdudes
voudorlunguaasld 1 ssnnnldaunsamizuenvinve adomaelddasdo srdang
esuuRnIg
dsu

9

a wa I o ¥ a & 4 - - & o
nsiingUAman1a Wuladensedunisin@ennssanainuinian [Weokuafiiseuas
d’lj I~ <y IS { . . . Ao o a cij A
Lﬂaaimalﬂuﬁ;a%wmiiﬂ (Pathogenic microorganisms) N&1ATY @NAVBINITAALYDNNTEANA
1NNSANIUNUAIINYNINA LABINUYB LY dUUATISELaLLY 831 LABLUATILT O NULYE
Pseudomonas aeruginosa 11nfign d@rudosnuinguaaieiduannamdnueinisiniioain
;:911 1 1 4‘{’ a a gfa Ql' a v t:gl/ I ! . ¥
Wesdulvg WewuaniSeianuaniuenlaluemided daulises Fluoroquinolones ogas
100 wazkWes1 Candida albican fiaruldesay 100 des1dmutesianunlugavadey
dalauauue
NNuanInageuAmlveueluafiSenuenlanngUlgsey U fuiuglun 15@n il
Fiua e1lungu Fluoroquinolones 1asdudidonfivingaud miuldsnwin1sfiniie
aa A = Y v & ] 1% P A wal vo wa Y
wuaefnszanan niudsenaldeduiemsiusieluUliefivsy InlasuauRmemniandan
a o aa =) dy o U . 1 ] d'
NNNSNYATHaTIaN BN 9AA Tnwilauiest dmSuga Chloramphenicol 813aslulyei
o w A Y A o a & A A ~ o A !
winwandmsuidenldiie SnyinsinenuaiFeinssanailul saing 1Ualde i 1o wudn
finrwhanasiaidenuafiGeiluanngueanisiialeiinszanamuenldannisdinm
¥ o a v b7
Jareuanuziaznsina I U1y
Jadpilneatesiunsiinlsnnsganadniauannisiaenlaiannisdnuiluasel il
N30T ININGUELIMOTE FRUAI0TINAEFe iethluTaviuwinislunisduaiuguamias
Josiulsnannisusenave@inlinsmunguy ssyn sidmangliansiagasungwu n1sa
nyudadenseduindiuluguinnglfmamimi nedimnwnins ilinisliaiiusuas
Auuzdifgiunsdasiunisuiaiuiinnann wu nsldwiunmsegunsalleosiuadnegnis
Tuvaueyina agvilianusadesiugdfimwganndwdanuasuiding wastiganleniadlunisie
nsfaaiinszanailuewanld nisivsu@enslsafiduamaddgueinisindennszana 1
asaihlyuTudpwnnensinyikagdwonUls senindsmeuialudmiald ien1s3itady
wazsneldegugnied AT wazmanzay Weannnzunsndeunuuse esnnsgade
nswediuanlsaRana1alailad swan sevu e AR mn1sue W e ie Wity ueds

WNedasivanuenaATegiakardiny SIudnun mMIInvesUiunie



14

Parauanuglun1sideaseialy
N13AN®IN998TIINYMNTNVINUINTUTINTANW BN NTEANA AN 1INAd LA
Yoadennainuatefinentdazdunsideluemen Weninansfinwildszduwwnnnnviuade

dwmudnwunmdlununillunisfensmvanzaudmiunsinwinszanadniauannisinie

AnmnssudseneA

(%
[

YBYOUNTEAMNATUAULATH LA Uz lun15A TIN5 A YovauAmmtif

Y

o a

< v Y
ans5alamef

WNE15D19D4

1. Lee SY, Gurnani B, Mesfin FB. Blindness. [Updated 2024 Feb 27]. In: StatPearls [Internet].
Treasure Island  (FL):  StatPearls  Publishing; 2024  Jan-. Available  from:
https://www.ncbi.nlm.nih.gov/books/NBK448182/

2. Flaxman SR, Bourne RRA, Resnikoff S, Ackland P, Braithwaite T, Cicinelli MV, et al. Global
causes of blindness and distance vision impairment 1990-2020: A systematic review and
meta-analysis. The Lancet Global Health. 2017; 5(12):e1221-34.

3. lIsipradit S, Sirimaharaj M, Charukamnoetkanok P, Thonginnetra O, Wongsawad W,
Sathomsumetee B, et al. The First Rapid Assessment of Avoidable Blindness (RAAB) in
Thailand. PLoS ONE. 2014; 9(12):e114245.

4. World Health Organization (WHO). WHO global data on visual impairment 2020. WHO
2023 [Intermnet]. 2023 [cite 2023 Aug 11]. Available from: https://www.who.int/news-
room/fact-sheets/detail/blindness-and-visual-impairment.

5. Khor W-B, Prajna VN, Garg P, Mehta JS, Xie L, Liu Z, et al. The Asia cornea society
infectious keratitis study: A prospective multicenter study of infectious keratitis in Asia.
American Jourmnal.of Ophthalmology. 2018; 195:161-70.

6. Tananuvat N, Punyakhum O, Ausayakhun S, Chaidaroon W. Etiology and clinical
outcomes of microbial keratitis at a tertiary eye-care centerin northern Thailand. Journal
of the Medical Association of Thailand. 2012; 95(Suppl 4):58-17.

7. Green M, Apel A, Stapleton F. Risk factors and causative organisms in microbial keratitis.
Cornea. 2008; 27(1):22-7.

8. RoongpoovapatrV, Prabhasawat P, Isipradit S, Abou Shousha M, Charukamnoetkanok P.
Infectious Keratitis: The Great Enemy [Internet]. Visual Impairment and Blindness - What

We Know and What We Have to Know. IntechOpen; 2020.


https://www.ncbi.nlm.nih.gov/books/NBK448182/
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment

15

9. Ting DSJ, Ho CS, Deshmukh R, Said DG, Dua HS. Infectious keratitis: an update on
epidemiology, causative microorganisms, risk factors, and antimicrobial resistance. Eye.
2021; 35:1084-101.

10. Kaye S, Tuft S, Neal T, Tole D, Leeming J, Figueiredo F, et al. Bacterial susceptibility to
topical antimicrobials and clinical outcome in bacterial keratitis. Invest Ophthalmol Vis Sci.
2010; 51:362-8.

11. Kampitak K, Suntisetsin H, Sirikul T. Clinical and microbiological characteristics of
cormeal ulcers in a Thai referral center. Asian Biomedicine 8. 2014; 275-82.

12. Ngarmsom R, Horatanaruang O. Epidemiology of Microbial Keratitis at a Tertiary Care
Hospital in Southem Thailand. Clinical Ophthalmology. 2024; 18:1267-75.

13. Keay L, Edwards K, Naduvilath T, Taylor HR, Snibson GR, Forde K, et al. Microbial keratitis
predisposing factors and morbidity. Ophthalmology. 2006; 113(1):109-16.

14. Lin A, Rhee MK, Akpek EK, Amescua G, Farid M, Garcia-Ferrer FJ, et al. Bacterial Keratitis
Preferred Practice Pattern®. Ophthalmology. Jan 2019; 126(1):1-55.

15. Ahn M, Yoon K-C, Ryu SK, Cho NC, You IC. Clinical aspects and prognosis of mixed
microbial (bacterial and fungal) keratitis. Cornea. 2011; 30(4):409-13.

16. lbrahim YW, Boase DL, Cree IA. Epidemiological characteristics, predisposingfactors and
microbiological profiles of infectious corneal ulcers: The Portsmouth corneal ulcer study.
The British Journal of Ophthalmology. 2009;93(10):1319-24.

17. Lichtinger A, Yeung SN, Kim P, Amiran MD, lovieno A, Elbaz U, et al. Shifting trends in
bacterial keratitis in Toronto: An 11-year review. Ophthalmology. 2012; 119(9):1785-90.

18. Shah A, Sachdev A, Coggon D, Hossain P. Geographic variations in microbial keratitis: An
analysis of the peer-reviewed literature. The British Journal of Ophthalmology. 2011;
95(6):762-7.

19. 1] fofiyaladug. unandoinszanalulsme wiafunanes: Anwiludiae 111 9.
MFFISLSINY WA NGNS, 2007; 11(1):33-41.

20. G miens. unafindefinsranafisudufesinunuudiely w lsmeiuaadssé
Usean3ng W.A. 2555-2559. @253AUT¥Y15NEITaIs. 2019; 15(3):78-86.

21. Darfene Miller, Anat Galor, Eduardo C. Alfonco. Fungal keratitis. Cornea. 4 Edition.
Volume 1.3. Part vii. Disease of the cornea. Section 4. Comeal Infection Chapter. 2017; 80:

964-5.



