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KERATITIS CAUSED BY PSEUDOMONAS AERUGINOSA: TREATMENT IN THE
EXPERIMENT

N. Malachkova, N. Kryvetska, V. Kryvetskyi

Memoro docniorncennsn Oy10 0ocrioumu epexmusHicms IiKy8anHs GUKIUKaHo20 P. aeruginosa kepamumy 6 excnepu-
MeHMI 3 BUKOPUCMAHHAM OQIYUHATLHUX ODMATbMOLOSIYHUX POpM aHMUOIOMUKIE, eheKmusHUX npomu 30YOHUKA.
Mamepianu ma memoou. [ nitinuii kepamum uxaukaiu y 36 00pociux Kpoaukie macoio 3—3,5 ke wisaxom Ha-
HeceHHs KNiniuHo20 wmamy P. aeruginosa y euensoi cycnensii 00HOOeHHOI KyIbmypu MIKPOOP2AHI3MY 6 KOHYECH-
mpayii 5x108 KYO/mn na uwacmkoso deenimenizosany (na niowi npubnuzno 1 cm?’) po2iexy 3 nooaibium
nokpummsm npomsicom 24 200un m’sikoio KOHMAaKmuoio 1in3ot0 3 beragpiakony A (emicm eoou: 36 %, Kuc-
nenponuknicmo DK/t:110.0). ¥ nonosuni sunaokie mikpobHi 0ioniieku nonepeonvbo supouyean Ha NOGEPXHsIX
KOHMAKMHUX JIH3 WISAXOM [HKYOayii 6 Oynvtionniu Kyiemypi wmamy P. aeruginosa.

Jlikyeanns xepamuniy npogoounu 3a OONOMO2010 OYHUX O@DIYUHATLHUX POpM aHMUOIOMUKIG: 1e8ohroKcayumny
0,5 %, yunpognoxcayuny 0,3 %, mobpamiyuny 0,3 %. Ix epexmusnicmo npomu wmamy P. aeruginosa nonepeonso
byna dosedena in vitro. Teapun nodinsiu Ha mpu CRiGCMAGHL 3a CNYNeHeM MAANCKOCMI 2PYNnu Kepamuimis, y KOJHCHIl
3 SIKUX JIIKYBAHHS NPOBOOUIU OOHUM I3 MPbOX 3A3HAYCHUX AHMUOIOMUKIE. V NONOBUHI GUNAOKIE Y MENCAX KONCHOT
epynu aHmubiomuk NOEOHY8A8Cs 3 OPIYUHATLHOIO 04HOI0 opmoio dekamemorcuny 0,02 %. Aumubiomuxu 3a-
CMOCOBYBANU 8 pecuMi IKHatyacmiwoi incmunayii nepwi 2 OHi NICIA NOYAMK) 2HIliHO20 Kepamumy, nomim 5 i
4 pasu Ha Oenb.

Oyinka npoyecy npogoounacs Ha OHOGI KIIHIYHUX O3HAK, KVIbMUBYEANHS, OQMANTbMON02IYHO20 OOCTIONCEHHS PO-
2I8KU 3 GUKOpUCMAaHHAM ¢hrioopecyeinosozo mecmy ma gomoircayicio. Teapun eusoouru na 7, 10, 14 0oby
(3anescro 6i0 cmpokie enimenizayii ypasjicenoi pociexu,).

Pezynemamu. Bcvoeo 6yno smodenvosano 36 eunaodkie enitino2o kepamumy, cnpudunenoeo P. aeruginosa y kpo-
qig: 8 nomipnozo (22,2 %), 13 cepeonvo-6asickozo (36,6 %), 15 — eaoicrozco (41,7 %).

Hesaneocno 6i0 obpanoco anmubiomuxa, uepes 10—12 200un niciisi 6UOaieHHs 3apanicenol KOHMAaKmHol JiH3u
ma noYamKy AKy8aAHHs 3A36UYALl CNOCMEPIealocs IHMEHCUBHE NOCUNEHHSL 3anaibHo20 npoyecy. 32000M 3andib-
HI S8UWA NOCMYNOBO 32acaiu 00 NOsHOI enimenianizayii pozisku, wo eiodyeanacy na 7-8 000y npu nomipromy
rkepamumi, 10—12 000y ons saxckux ma cepednvo-eéaxckux y I ma Il epyni, ma 12—14 006y (0ns eaxckux ma
cepeonvo-eanckux y Il epyni). Ilopisnano 3 1 epynoio (0,5 % nesoghroxcayumn), 3menuenns 3anaieHts poeieku
ma enimenizayis ypaxcennsi y epyni Il (yunpogroxcayun 0,3 %) sampumyeanuce na 1-2 Oui. 3acmocysamnms
0,3 % moopamiyuny (11l epyna) 3abe3neuuno natlguyuil KOHMPOJLb HIIHO20 3ANALEHHS NPOMSI2OM NEPULUX MPbOX—
4OMUPLOX OHIG, OOHAK Ol CNOCMEPIeanoCh YNOBLIbHEHHS NO3UMUGHOI OUHAMIKY Ma 3ampumKa enimeniizayii
nopieHsaHo 3 epynoio 1. Jlis 6cix 00CHiONCYBAHUX 2PYN 3ACMOCY8AHHI KOMOIHO8AHOT anmubakmepiaibHol mepanii 3
OEKAMEMOKCUHOM CYRPOBOOACYBANOCS NPUCKOPEHHIM pe2pecii HItIHO-3aNabHUX YPAANCEHb, 0COONUBO Yepe3 3MeH-
UWIeHHST KOH TOHKMUBANIbHOL peakyii ma HOEBUOLLEHHSL.

Ak Hacniook nikysanns, y oinvuwocmi (69,5 %) eunaokie cnocmepieanoct UHUKHEHHS OLISIHOK Henpo30po20 no-
MYMHIHHS pocieKu pizHoi eenuuunu. Bitemo cpopmysanocs Oinbut Hidc y mpemuHi UnaoKie, y 6Cix — 6HACIIOOK
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saoickozo kepamuny. Pazom 3 mum, y 6Cix meapum 60anocs yHUKHYMU YCKAAOHEHb, AKI MO2IU PU38ecmu 00 6mpa-
mu oka (abcyec pozieku, nepgopayis, kepamomanayis).

Bakmepionoziuni nocisu 3 nogepxui oka nhokaszaau smenuienns npucymuocmi P. aeruginosa uepes 48 cooun i3 100 %
00 63,9 % sunaokie ma nogne 3nukHnenHs 30yonuka yepesz 3 oui. Oonax y 11 3 15 éaxckux kepamumie (30,6 % 6io
YUCIA 3A2ANbHUX CNOCMEPedtCeHb) MIKPODIONo2iuHi 00CTIONCEeHH POCIBKY, OMPUMAHI NICTA 8UBEOEHHA MBAPUH,
oynu nosumuenumu wjooo P. aeruginosa nasime nicis nosnoi enimenizayii ypasicenus.

Bucnoeku. Jlikysanumns ekcnepumenmanivoHo20 Kepamumy, cnpuuwunenozo P. aeruginosa, anmubiomukamu,
uymausicms 30y0OHUKA 00 AKUX 008€0eHd, 8 pedcuMi HAtDIIb PAHHIX | HAYacmiuux IHCMuLAYitl nNpoma2om
nepuwiux 48 200uH y NOCOHAHHI 3 BUOANEHHAM SHIIHUX MAC 3a0e3nequno 3MeHUul e Hs 3analeHts, 610H08IeHH s
Nno0BepxXHi po2ieKu ma 3ano6iesio HatcepuoHIUUM YCKIAOHEHHAM, HANPUKAAO, Kepamomanayii ma nepgopayii
PO2IBKU.

Panne ma akmusne npomumikpooHe niky6anHs epekmugnumMu npenapamamu npu3eeno 0o eniminayii P. aerugenosa
3 nosepxni oxa 6 nepwii 2—3 oui. Oonax 'y 30,6 % eunaoxieé ne 6y10 00csAcHymo nogHoi epaouxkayii 30yonuxa 3
PORIBKU.

Bubip anmubiomuxa 3 nepeniky npenapamis 3 008e0eHoro uymaugicmio 0o Hux P. aerugenosa ne mas icmomuoco
6nU8Y Ha pe3ynbmam aiKyeanHs. OOHOUACHe 3aCMOCY8AHH OeKAMEMOKCUHY NIOCUNIOE eheKm i 0eujo NoKpauye
pe3ynbmamu

Knrwouosi cnosa: excnepumenmanvhuti kepamum, Pseudomonas aeruginosa, nikyeamnis, 1e60QpaoKcayu, yunpo-
@rokcayun, mobpamiyus, 0eKamemokcuH

Copyright © 2020, N. Malachkova, N. Kryvetska, V. Kryvetskyi.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0).

1. Introduction

Nowadays, keratitis is a serious problem of oph-
thalmology due to wide spreading, tendency to chroniza-
tion, difficulties in treatment and often severe conse-
quences, such as corneal perforation, endophthalmitis,
complicated cataracts, secondary glaucoma, etc. [1, 2].
Complicated or undertreated microbial keratitis is a lead-
er among the causes of blindness [3, 4].

Bacteria dominate among the causes of infectious
keratitis [1, 5]. Among them, Pseudomonas aeruginosa
occupies a special place in terms of resistance to treat-
ment and severity of complications [6]. The microorgan-
ism is included to the WHO Global List of Pathogens of
Priority Antibiotic-Resistant Bacteria, to identify priority
of research and development of novel and effective meth-
ods of antibiotic treatment (WHO, Geneva 25-27 Janu-
ary 2017) [7].

In recent years, the pathogen has shown an in-
crease in the frequency of seeding at purulent keratitis in
both monoculture and associations up to 39.0-44.6 %
and 20.0 %, respectively [5, 6].

Serious risk factors for keratitis are: contact lens
wearing, traumatic corneal injuries, ocular surface chang-
es (blepharitis, dry eye, etc.), systemic diseases (diabetes,
rheumatoid arthritis, alcoholism, AIDS), systemic and lo-
cal steroid treatment. Elderly people, patients of intensive
care centers, hospices, and social institutions are in the risk
zone of pseudomonad infection [8—10].

The standard of treatment of pseudomonad kerati-
tis includes topical use of fluoroquinolones, cephalospo-
rins, aminoglycosides under conditions of their frequent
instillation, especially in the first day, creating a suffi-
cient concentration of the drug at the site of lesion [11].

At the same time, the search for effective methods
of treatment of severe and threatening to vision keratitis
with a central location and a size of more than 3 mm,
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ulceration and signs of anterior chamber reaction re-
mains an urgent task [1, 2, 12]. The possibility of P.aeru-
ginosa eradication and conditions for its achievement at
purulent keratitis require further investigation [13]. The
point seems important given the natural ability of P.aeru-
ginosa to form biofilm forms, to adhere closely to surfac-
es made of synthetic polymeric materials, in particular,
contact lenses [14, 15], to migrate deep into the corneal
tissues due to virulence factors (primarily proteas-
es) [16—18]. The search for ways to increase the effective-
ness of antibiotic therapy and overcome antibiotic resis-
tance also remains relevant.

The aim of the study was to investigate the effec-
tiveness of treatment of keratitis caused by Pseudomonas
aeruginosa in an experiment using official ophthalmic
forms of antibiotics, which are effective against the
pathogen.

2. Materials and methods

The experimental study was performed at the Sci-
entific and Biological Clinic of National Pirogov Memo-
rial Medical University, Vinnytsya during 2019-2020, in
compliance with the ethical norms provided by Directive
2010/63/EU of the European Parliament and of the Coun-
cil of 22 September 2010 on the protection of animals
used for scientific purposes and the norms of biomedical
ethics approved by the First National Congress of Bioeth-
ics of Ukraine), as well as the Law of Ukraine
No. 3447-1V “On protection of animals from cruel treat-
ment” (Kyiv, 2006). The Bioethics Commission of the
National Pirogov Memorial Medical University, Vinnyt-
sya (Ukraine) confirmed the compliance of study with
ethical rules on October 27, 2016 (Protocol No 10).

Adult 36 rabbits weighing 3-3.5 kg were kept in
separate cages in standard conditions (natural feeding
and water supply, light/dark cycle for every 12 hours).
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Keratitis in animals was caused by applying a
clinical strain of P. aeruginosa as a suspension of one-
day culture of the microorganism at a concentration of
5x10® CFU/ml, which corresponds to the 0.5 McFarland
standard, on the partially de-epithelialized (approximate-
ly 1 cm?) cornea followed by coating for 24 hours with
soft contact lens made of belafilcon A (water content:
36 %, oxygen permeability DK/t:110.0). In half of the
cases, microbial biofilms were pre-grown on the contact
lens surfaces via incubation into the broth culture of
P. aeruginosa strain (concentration of cells 10°-107 per
1 ml) at a temperature of 37° C for 48 hours [19-21]. Ker-
atitis was modeled on one of the eyes of each animal.

For the treatment of keratitis ocular official forms
of antibiotics: levofloxacin 0.5 % (5 mg/ml), ciprofloxa-
cin 0.3 % (3 mg/ml), tobramycin 0.3 % (3 mg/ml) were
used. Their effectiveness against the strain of P. aerugi-
nosa was previously proven in vitro by standard serial
dilutions of the drug in a liquid nutrient medium
(meat-peptone broth) to determine the minimum inhibi-
tory concentration of antimicrobial substance, followed
by seeding on a dense nutrient medium (meat-peptone
agar) to determine the minimum bactericidal concentra-
tion [22].

Animals were divided randomly into 3 groups of
12 individuals; treatment in each was carried out by one
of the mentioned drugs. In half of the cases within each
group, the antibiotic was combined with the ocular offi-
cial form of decamethoxine 0.02 % (0.2 mg/ml).

The antibiotics were used in the mode of the most
frequent instillation (as on study conditions) for the first
2 days after the onset of purulent keratitis. For that pur-
pose, the drug was instilled every fifteen minutes for
the first 4 hours, then every 2 hours for another
12 hours, followed by an eight-hour night pause. On the
second day, antibiotics were used every 2 hours for
16 hours. After 48 hours, until the negative as for
P. aeruginosa results of bacterial culture were obtained,
instillations were performed 5 times a day, and then —
until the animals were removed from the experiment —
4 times a day. In that cases, where combine therapy was
used, decamethoxine was instilled 5 minutes before the
antibiotic in a volume of 0.2—0.3 ml; it also provided a
wash to remove purulent masses.

The assessment of the process included evaluation
of clinical signs of keratitis, bacteriology, ophthalmolog-
ical examination of the cornea with fluorescein test and
photofixation. Material for microbiological examination
was collected with a sterile swab from the time of remov-
al of contact lenses and every 24 hours until two consec-
utive negative results.

Animals were removed from the study on days
7h, 10t 14" (depending on the term of epithelializa-
tion of the affected cornea) in aseptic conditions by
introducing of air (1-1.5 cm?®) into the marginal vein of
the ear. Every time, the cornea, which was collected
under aseptic conditions, was divided into two seg-
ments: one was placed into sterile meat-peptone broth
to incubate for 24—48 hours, followed by sowing the
contents of the medium on dense nutrient agar to de-
tect P.aeruginosa colonies; another segment was deep-
en into 40 % formaldehyde solution for further histo-
logical examination.

Statistical processing included the calculation of
descriptive characteristics with STATISTICA 6.0 pro-
gram using a comparative assessment of distributions for
a number of accounting signs.

3. Results

Totally, 36 cases of purulent keratitis caused by
P. aeruginosa in rabbits were modelled: 8 moderate
(22.2 %), 13 semi-severe (36.6 %), 15 — severe (41.7 %).
The animals were divided into three groups, in each of
which treatment was performed with one of the three
above antibiotics: levofloxacin 0.5 %, ciprofloxacin
0.3 %, tobramycin 0.3 % (Table 1). The groups were cor-
responding as for severity of keratitis.

Regardless of the chosen antibiotic, the clinical
course of experimental keratitis in rabbits of all groups
was characterized by a certain similarity. Thus, 10—
12 hours after removal of the infected contact lens and
the start of treatment, there was mostly a burst enhance-
ment of the inflammatory process in the cornea in the
form of spreading the area of edema and corneal opaci-
ty and increasing of its intensity. The fluorescence test
revealed a deep diffuse staining without clear contours,
in size that significantly exceeded the area of the initial
lesion (Fig. 1).

Table 1
Distribution of experimental animals by study groups depending on the used antibiotic
The severity of experimental Group I (N=12) Group II (N=12) Group III (N=12)
keratitis L (N=6) L+D (N=6) C (N=6) C+D (N=6) T (N=6) T+D (N=6)
Moderate* (N=8) 1(1#%) 1 (1#%) 2 (1#) 2 1 1(1#)
Semi-severe®** (N=13) 2 2 2 2 3 2
Severe*** (N=15) 3 3 2 2 2 3

Note: L — levofloxacin 0.5 %, C — ciprofloxacin 0.3 %, T — tobramycin 0.3 %, D — decamethoxine 0.02 %; * — swelling and opacity
of the cornea, through which the deeper structures of the eye were seen; an area of opacity did not exceed the area of de-epitheli-

alization;, moderate muco-purulent discharge, conjunctival hyperemia were present; ** — swelling and opacity of the cornea,

through which the deeper structures of the eye were partially seen; an area of opacity exceed the area of de-epithelialization, but

did not up to subtotal or total; moderate discharge of viscous whitish pus, severe conjunctival hyperemia, chemosis were present;

**% _ swelling and subtotal or total opacity; deeper structures of the eye are not visible even on the periphery; significant purulent

discharge, severe conjunctival hyperemia, chemosis were present; #— cases where enhancement on the first day did not occurred

23




Scientific Journal «ScienceRise: Medical Science»

Ne 4(37)2020

Such enhancement took place in 32 of 36 observa-
tions (88.9 %), with the small exception of 4 cases. Sub-
sequently, at moderate keratitis in all groups, the inflam-
matory process showed a gradual attenuation with
complete corneal epithelialization for 7-8 days.

Fig. 1. Enhancement of the inflammatory process in the
cornea (case of tobramycin group): a — just after contact
lens removal; b — in 10 hours; ¢ — under fluorescein test

Cases of severe and semi-severe keratitis were
characterized by a complex sequence of changes in clin-
ical manifestations.

Within animals of Group I the intense purulent
discharge, which required removing by washing, was
present for 3—4 days. Conjunctival chemosis increased
until the end of the second day, then gradually decreased
and disappeared by 4"-5" days. The hyperemia remained
intense for 5—6 days. Corneal swelling and opacity was
maximal on the second-third day. Deformation of the
corneal sphericity in the form of a paracentral conical
protrusion occurred within four eyes; at the same time
corneal surface was covered with a gelatinous layer
which could not be removed with a tampon. In two severe
cases, on the third or fourth day, signs of initial ulcer-
ation appeared; it lasted about 24—48 hours. Stabilization
happened mostly on 5"—6" day. After that there was a
regress of inflammatory manifestations and improve-
ment of the cornea: its sphericity came to restore; the
edema reduced; turbidity decreased in size that was ac-
companied with appearance and expand from the periph-
ery a rim of transparent cornea. Epithelialization of cor-
neal lesion began on day 7"-8" (the staining area at
fluorescein instillation decreased, its edges were delin-
eated clearly) and ended on day 10%-12" which was
confirmed by a negative fluorescein test (Fig. 2).

Among Group II, the proportion of severe keratitis
was the lowest (4 out of 12 vs. 6 out of 12 in Group I and
5 out of 12 in Group III, see table 1). The severity of con-
junctival inflammation was comparable to that in
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Group I: purulent discharge lasted up to third-fourth day;
chemosis lasted until fourth-fifth day, and intense red-
ness — up to seventh-eighth day. The presence of thick
pus required frequent rinsing with sterile saline. From
the cornea, the retention of signs of inflammation at the
maximum level lasted up to 4-5 days. At the same time,
along with intense edema, diffuse widespread opacity of
the cornea, there was a violation of its sphericity, fixed
fibrin layers appeared on the surface. Between fourth-
fifth day, and seventh-eighth day, gradual positive chang-
es in the cornea, which showed the beginning of the re-
gression of purulent inflammation, came. It was regarded
as a period of stabilization. The area of turbidity gradu-
ally became separated, edema decreased; the sphericity
of the cornea was restoring. Subsequently, the dynamics
of improvement accelerated significantly. Epithelializa-
tion started on day 9"-10" and completed on day 12—
14", Thus, in comparison with the Group I, the reducing
of the corneal inflammation and lesion epithelialization
within the Group II was 1-2 days delayed.

Fig. 2. Changes in clinical manifestations of the
inflammatory process in the cornea (case of levofloxacin
group): a — just after contact lens removal;

b —in 10 hours; ¢ — on the 5" day; d — on the 12% day

Within animals of Group III, purulent discharge
was observed for up to 4-5 days, which also required
repeated washing. Chemosis lasted for an average of
3 days, intense redness was observed up to 67" day.
Persistence of the most pronounced signs of corneal
damage (severe edema, widespread intense turbidity,
violation of spherical shape, deep diffuse fluorescein
staining without clear contours, and ulceration in two
cases) was the least long (mostly lasted until the third
day). Within third-fourth day there was stabilization
with subsequent somewhat slowed regression of corneal
manifestations. The beginning of epithelialization took
place on 7"-9™" day and its completion on 10"%—12% day.
Thus, the use of 0.3 % tobramycin provided the highest
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control of purulent inflammation during the first three
to four days, but further there was a slowdown in the
positive dynamics and delayed epithelialization com-
pared with Group I.

For all study groups, the use of combination anti-
biotic therapy with decamethoxine was accompanied by
acceleration in regression of purulent-inflammatory le-
sions, especially due to a decrease in conjunctival re-
sponse and pyorrhea. As for the cornea, the reduction of
the area of turbidity and its edema shown some accelera-
tion (mostly for 1-2 days), but it did not lead to the earli-
er epithelialization. The results of treatment of experi-
mental keratitis within study groups are presented
in Table 2.

As can be seen from the above data, in most cases
(69.5 %) there were areas of opaque turbidity of various
sizes among the outcomes. Total leucoma was noted in
more than a third of cases; all of them have formed due
to severe keratitis. It is important to note that in all ani-
mals it was managed to avoid the complications that
could lead to eye loss (corneal abscess, perforation, mala-
cia). It should also be reported that in animals of Groups
IT and III, the combined use of antibiotics with decame-
thoxine reduced the number of total leucoma among the
outcomes compared with consequences after monothera-
py (4 vs 6 cases, Table 2). The results of bacteriological

examination of the presence of P. aeruginosa on the
surface and in the depth of the cornea are presented
in Table 3.

These data show a relatively early (after 48 h)
decrease from 100 % to 63.9 % in the culturing of the
pathogen from the surface of the eye and its complete
disappearance after 3 days in all cases of treat-
ment with antibiotics of proven effectiveness against
P. aeruginosa. However, in 11 of 15 severe keratitis
(30.6 % of total observations) microbiological tests of
the cornea, obtained after removal of animals, were
positive as for P. aeruginosa even after lesion com-
plete epithelialization.

4. Discussion

The proposed experimental model provides a
stable replication of purulent keratitis of varying sever-
ity in animals, with a predominance of severe, which
creates appropriate conditions for their comprehensive
investigation.

Within management of keratitis, caused by P. aeru-
ginosa, an important issue is the choice of antibiotic, its
concentration and regimen. The first aspect is considered
relatively determined (usually levofloxacin, tobramycin,
ceftazidime, gentamicin, cefuroxime, ciprofloxacin are
offered) [1, 12, 23].

Table 2
Results of treatment of experimental keratitis by study groups depending on the used antibiotic
(monotherapy and combination with decamethoxine)

Outcomes Group I (N=12) Group II (N=12) Group IIT (N=12) Total

(condition of the cornea) L(N=6) | L+D(N=6) | C(N=6) | C+D(N=6)| T (N=6) | T+D (N=6) | 36 (100 %)
Nebula® - 1 1 - - 1 3(8.3 %)

Macula®°® 2 1 1 2 1 1 8(22.2 %)
Not total leucoma®°° 2 2 (1%) 1 2 2 2 (1%) 11 (30.6 %)
Total leucoma®®®® 2(1%) 2 3 2 3(1%) 2 14 (38.9 %)

Note: L — levofloxacin 0.5 %,; C— ciprofloxacin 0.3 %, T —tobramycin 0.3 %; D — decamethoxine 0.02 %, °— superficial translucent
greyish turbidity with blurred borders, invisible to the naked eye; °° — saturated translucent demarcated whitish turbidity visible to

[e]efe]

the naked eye;

transparent cornea,; °°°°

— central, peripheral, eccentric (possibly inhomogeneous) area of dense opaque whitish tissue surrounded by a
— widespread dense opaque thickened homogeneous white scarred area; * — ulcer healing

Table 3
Presence of P. aeruginosa in cultures at different periods of treatment of experimental keratitis
P. aeruginosa in cultures (N of animals)
Time g;’;;;gi E’;iiﬁr‘;mg of Group I (N=12) Group I (N=12) Group III (N=12) Total

L(N=6) |L+D(N=6) | C(N=6) |C+D(N=6)| T (N=6) | T+D (N=6) 36
0 6 6 6 6 6 6 36 (100 %)
24 6 6 6 6 6 6 36 (100 %)
48 1 4 6 3 3 6 23 (63.9 %)

72 0 0 0 0 0 0 0

96 0 0 0 0 0 0 0
Cornea (after removal) 3 3 1 1 2 1 11 (30.6 %)
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For topical use, drugs are recommended in suf-
ficient, but not damaging the corneal epithelium con-
centration.

The official forms of antibiotics were chosen tak-
ing into account a previously conducted in vitro explo-
ration of the effectiveness of antibiotics against
11 strains of P. aeruginosa (reference ATCC 27853 and
ten clinical, including that used as a pathogen in report-
ed study). According to its results, it was shown that the
ophthalmic dosage forms, used in the experiment, con-
tain antibiotics in concentrations, which are significant-
ly exceeding bactericidal even to resistant strains: for
levofloxacin 116-31000 times, for ciprofloxacin 98—
75000 times and for tobramycin 200—-120000 times [22].
Under such conditions, overcoming in vivo the resis-
tance mechanisms (biofilm formation, deep intrastro-
mal penetration), which lead to the pathogen inaccessi-
ble even for potentially effective antibiotics, becomes
more important that the lifting of substances concentra-
tions up. This position is confirmed by the results of
bacteriological tests, which reveal the absence of the
pathogen on the surface after 48—72 hours therapy, how-
ever, in 11 of 36 cases (30.6 %) postmortem corneal
cultures were positive even after epithelialization.

Obviously, the combination of antibiotics with
drugs even without direct bactericidal activity as for the
pathogen, but which improve the accessibility of antimi-
crobial substance, significantly increasing its effective-
ness at normal concentrations is promising [13, 18, 24].
In this respect, decamethoxine, which combines deter-
gent action with low keratotoxic effect [25] and pro-
vides in vitro reduction of bactericidal concentrations
of levofloxacin, ciprofloxacin, tobramycin by 1.7-4
times in combination [22], is advantageous. An addi-
tional positive is the mechanical removal by washing
of purulent-fibrinous masses with a solution of deca-
methoxine before instillation of the antibiotic at com-
bined usage.

Regarding subconjunctival antibiotics, the posi-
tions differ from support [12] to denial [11] due to the
risk of additional injury at the injection site as well as
the relatively short-term effect. Then, the loading treat-
ment with antibiotic instillations every 5 minutes for
half an hour creates a dose of saturation in the cornea,
comparable to that achieved by injection under the con-
junctiva [1]. After all, the choice of medication and
treatment regimen often comes down to finding a com-
promise between the temptation to act as aggressively
as possible on the pathogen and to avoid long-term use
of drugs with severe keratotoxicity in high concentra-
tions. At presented study, the optimal level of that bal-
ance was demonstrated by 0.5 % levofloxacin. The drug
invariably had a therapeutic effect on the purulent pro-
cess and supplied a stable improvement. Low keratotox-
icity of levofloxacin is confirmed by Padma Bezwa-
da et al. [26]. For comparison, 0.3 % tobramycin initial-
ly showed a strong antipseudomonad potential, espe-
cially during the first three to four days, but then there
was a slowdown in positive dynamics and delayed epi-
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thelialization, which can be regarded to manifestation
of epithelial toxicity of aminoglycosides [1].

Interesting conclusions were done after conduct-
ing clinical and microbiological parallels in the dynam-
ics of the process. The progression of experimental
keratitis manifestations at the end of the first day was
indicative in most cases, even against the background
of the initiated intensive antibiotic therapy. It is consis-
tent with the idea of the specificity in pathogenesis of
pseudomonad lesions, in which the active action of
cellular and extracellular virulence factors under the
conditions of loss of the external barrier due to epithe-
lial defects triggers a cascade of damaging mecha-
nisms, primarily — the destruction of collagen stroma
of the cornea, which causes critical deepen and spread-
ing of pathogen into the tissue. It is important, that
some aggressive factors (e. g. proteases, endotoxins,
etc.) continue to act even after the death of the patho-
gen [16]. And only a critical decrease in microbial load
(in our study occurred by the end of the second day of
antibiotic therapy) marks the stabilization of the in-
flammatory process and the beginning of positive dy-
namics. In general, positive bacteriological changes
(disappearance of the causative agent in cultures from
the surface of the eye in a third of cases after 48 hours
and in the rest after 72 hours) are significantly ahead of
the dynamics of clinical indicators.

It is also necessary to compare the morphological
consequences of experimental keratitis (completion of
corneal epithelization, stroma restoring) with the level of
eradication of the pathogen. In this regard, a proportion
(30.6 %) of positive as for P. aeruginosa presence micro-
biological tests of the cornea, obtained post mortem, is
rather high. Because of this, it should once again be em-
phasized the natural ability of the pathogen to resist both
natural defense systems and pharmacological factors,
using various mechanisms, which complicates its com-
plete elimination, even through the early use of antibiot-
ics with proven effectiveness.

Study limitations. The cases of moderate, semi-
severe and severe purulent keratitis caused by P. aerugino-
sa in rabbits were used as the experimental model for the
achievement of study purpose. The examples of mild ker-
atitis were excluded as it disappears spontaneously in rab-
bits with complete corneal epithelisation within 5-6 days
due to the action of local natural defence mechanisms,
even without antimicrobial therapy.

Prospects for further research. The reported
study demonstrates results of treatment of experimental
keratitis caused by P. aeruginosa in rabbits with the an-
tibiotics, to which the sensitivity of pathogen is con-
firmed, in the mode of intensively performed monother-
apy and in antibiotic-decamethoxine combination. The
next steps are to investigate the effectiveness of simulta-
neous use of more than one antibiotic as well as their
combinations with drugs without direct bactericidal ac-
tivity. In addition, the proposed experimental model is
promising for studying of various aspects of bacterial
corneal lesions associated with contact lenses wearing.
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5. Conclusions

Treatment of experimental keratitis caused by
P. aeruginosa, with antibiotics, to which the sensitivity
of pathogen is proven, in the mode of the earliest and
most frequent instillations on the first 48 hours in com-
bination with removal of purulent masses provided re-
ducing of inflammation, restoring of cornea surface and
prevents the most serious complications, e. g. corneal
perforations and keratomalacia. Early and active antimi-
crobial treatment with effective drugs led to the elimina-
tion of P. aerugenosa from the ocular surface in the first

2-3 days. However, in 30.6 % of cases there was no
complete eradication of the pathogen from the cornea.

The choice of antibiotic from those, to which the
sensitivity of P. aerugenosa is proven, did not have a
significant influence on treatment outcome. Concomi-
tant use of decamethoxine makes better effect and some-
what improves the results.
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