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Abstract. Bacterial conjunctivitis is the most common ocular pathology in veterinary medicine. The
aim of this study was to identify the conjunctival microbiota in dogs with conjunctivitis and to evaluate
the antimicrobial susceptibility of the isolated strains. The research was performed at Dr. L. Kriauce-
liunas Small Animal Clinic of Lithuanian University of Health Sciences Veterinary Academy (LUHS
VA) in 2018. Samples were tested at the microbiology laboratory of Microbiology and Virology Insti-
tute, LUHS VA. Dogs (n = 31) with symptoms of conjunctivitis were selected for primary ophthalmo-
logical assessment and research. Samples for bacterial testing were collected from the conjunctival sac.
Susceptibility to antibiotics was tested using the Kirby-Bauer disc diffusion method. The investigation
revealed that the most frequently isolated bacteria from the conjunctival sac were Gram+ bacteria
(89.5%). The identifed bacteria belonged to the families Staphylococcaceae, Corynebacteriaceae, En-
terobacteriaceae and Bacillaceae. The most efficient antibacterials against Staphylococcaceae family
bacteria were represented by amoxicillin, cephalexin, Corynebacteriaceae by amoxicillin, amoxicillin/
clavulanate, Enterobacteriaceae by amoxicillin, amoxicillin/ clavulanate, enrofloxacin, gentamicin, te-
tracycline, trimethoprim/sulfamethoxazole compound, and Bacillaceae by amoxicillin, amoxicillin/

clavulanate, cephalexin, cefoxitin, enrofloxacin, erythromycin and gentamicin.

Introduction

Vision is the most important sense that provides
survival superiority for many animals. Eye diseases
are common in humans and animals. Therefore, the
supply of medications is vast, but only in human
medicine. In veterinary medicine, due to the lack of
other options, medications designed for human use
are the treatment of choice. However, not all human
medications are suitable for animals: some of them are
really effective, but irritate the eye. In such cases, a
human patient simply waits until the irritation fades,
whereas an animal immediately starts scratching and
rubbing the eye, thus aggravating the inflammation
and sometimes spreading it to surrounding tissues.

In a healthy animal, the epithelial barrier, mu-
cin and tears help to rinse the palpebral conjunctiva.
Antibacterial components in tears (lysozyme, beta
lysine, lactoferrin, blood cells, IgA) protect the eye
and its surrounding tissues from bacteria (Nadas et
al., 2019).

Bacteria can be cultured from the conjunctival sac
of about 70%—-90% of normal dogs. The microbiota
from the conjunctival sac is represented by mainly
Gram+ species, with Staphylococcus spp. (57-70%),
Streptococcus spp. (6—43%), Bacillus spp. (6—18%)
and Corynebacterium spp. (30-75%) predominat-
ing. Predominant Gram-— isolates that were recovered
from the conjunctival sac in 7%—8% of normal dogs
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were Pseudomonas spp., Moraxella spp., and small
quantities of Klebsiella spp., Neisseria spp. and Fuso-
bacterium spp., and anaerobes were extremely rare. It
was found that conjunctival microflora is also related
to age, breed, climate, geology and geography and
sampling method (Ollivier, 2003, Williams, 2017,
Nadas et al., 2019).

Microbiota in the conjunctival sac can be divided
into resident and opportunistic pathogenic organisms.
Resident bacterial populations are usually isolated
from bacteriologic samples of the canine conjunc-
tiva in large numbers. They consist of noninvasive
organisms that play an important homeostatic role
by competing with pathogenic species for space and
nutrients, and also by secretion of active substances
that limit their ability to colonize the ocular surface
(Williams, 2017).

In animals, conjunctivitis is usually caused by vari-
ous infectious agents. Sometimes, there are mixed in-
fections caused by several bacterial species or strains.
Because non-pathogen bacteria can also be found in
the conjunctival sac, the causative agent of inflamma-
tion is sometimes difficult to identify. Conjunctivitis is
often accompanied by swelling and chemosis, result-
ing in blinking, sensitivity to light and pain. Animals
start rubbing their eyes against surrounding objects,
which may lead to traumatic corneal ulcers, and tissues
become prone to infection. In dogs with conjunctivi-
tis, the conjunctiva is irritated leading to a decrease
in antibacterial enzymes (lactoferrin, lysozyme, and
peroxidase). Moreover, the accompanying loss of epi-
thelial integrity, depending on the degree and inten-
sity of the trauma and tear film modifications, favors
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the colonization of ocular structures by opportunistic
bacteria (Pereira et al., 2019).

Often bacterial conjunctivitis for dogs is second-
ary. The primary cause is usually mechanical irrita-
tion from eyelid abnormalities, such as entropion and
ectropion, skin wrinkle contact with the cornea of the
eyes in dogs of brachycephalic breeds, lash or hair
abnormalities, such as ectopic cilia. Distichiasis or
trichiasis can also be a cause of the conditions men-
tioned above. Impaired protective properties of the
conjunctiva can lead to infection, and microorgan-
isms of the normal flora can be potential pathogens.
Another very probable cause of conjunctivitis is indis-
criminate use or long-term application of antimicro-
bials because it may disrupt the normal conjunctiva
microbiota balance and predispose to over-growth of
pathogens. Most often, the ongoing infectious pro-
cess is difficult to control (Athanasiou et al., 2018).

The common type of bacteria cultured from dam-
aged eyes included Staphylococcus spp. (40%), Strep-
tococcus spp. (64% — P-hemolytic streptococci, and
36% — a-hemolytic streptococci), P aeruginosa (9%),
E. coli (5%), and Corynebacterium spp. (4%). There
are Klebsiella spp., Neisseria spp. and Moraxella spp.
often found in the samples of the eyes, which are the
saprophytic nasopharyngeal microbiota (Haghkhah et
al., 2005, Marina et al., 2018, Pereira et al., 2019).

Medications containing gentamicin, chlortetra-
cycline and cloxacillin have been already included
in Lithuanian Veterinary Drug Register. Frequent-
ly, dog owners practice self-treatment and use eye
medications without a veterinarian’s prescription.
Hence, bacterial strains resistant to antibacterials
can develop. In the course of the last 10 years,
this has been not only a Lithuanian, but a global
problem as well. Although similar research has
been performed in Lithuania (Kudirkiené et al.,
2006), the number of conjunctivitis cases among
dogs is increasing, including the difficult to treat
ones. Due to the development of resistant bacteria
strains, it is necessary to check the susceptibility
of conjunctival isolates to drugs that are used in
small animal veterinary medicine in Lithuania.

Many strains of bacteria can be isolated from the
conjunctiva. Therefore, a question arises: does the ac-
tivity spectrum of 3 antibiotic groups ensure the ef-
fective treatment of infections caused by Gram+ and
Gram-— bacteria?

Considering the importance of bacterial conjunc-
tivitis in dogs, the aim of the study was to identify the
microorganisms present in dogs with conjunctivitis
and evaluate the antimicrobial susceptibility to anti-
bacterials of the identified bacterial species.

Materials and Methods

The research was performed at Dr. L. Kriaucelitinas
Small Animal Clinic of Lithuanian University of
Health Sciences Veterinary Academy in 2018. For the
study purposes, 31 dogs diagnosed with conjunctivi-

tis were evaluated. Samples for bacteriological test-
ing were collected from the conjunctival sac. Before
sampling, a full ophthalmic examination was carried
out. The research was performed following the legis-
lation acts of the European Union and the Republic
of Lithuania.

Commercial bacteriological swabs were used to
sample from the affected eyes into disposable tubes
with a transport medium (Transwab, United King-
dom). Samples were tested at a microbiology labora-
tory of Microbiology and Virology Institute.

The clinically obtained material was disseminated
on blood agar (CBA, EO Labs, United Kingdom). Pla-
tes with cultures were incubated at 35 + 2°C tempera-
ture for 24 hours in an aerobic and anaerobic environ-
ment. If there was no growth, plates were incubated for
48 hours more.

In case it was suspected that the number of bac-
teria in the sample was too small, the tested material
was disseminated into a semi-liquid growth medium
(Thioglycollate medium, Oxoid, United Kingdom),
kept at +35°C temperature for 24 hours and then re-
introduced into Colombia blood agar (EO LAB).

In order to identify the genus of staphylococci, the
grown cultures were stained by Gram; their growth
on Blood and Mannitol salt agar (Mannitol Salt Agar,
Liofilchem, Italy) was evaluated. A catalase test was
performed. In order to identify Staphylococcus spe-
cies, identifying systems STAPH ID (Microgen, Unit-
ed Kingdom) were used. The results were read using
computer program MID Verl.2. Enterobacterales were
identified by their colonial morphology, Gram’s stain-
ing technique, typical growing characteristics on Mac-
Conkey agar (Liofilchem, Italy), and SIM medium,
where bacteria mobility, hydrogen sulfide, and indole
production were evaluated. Preliminary identification
of Corynebacteriaceae and Bacillaceae was performed
based on rapid growth on blood agar and morphologi-
cal properties stained by Gram. Corynebacteriaceae -
Gram+ rods are seen in pairs in a smear. Bacillaceae
- Gram+ spore rods.

Susceptibility to antibiotics was determined using
the Kirby-Bauer disc diffusion method (EUCAST,
2020). Antibacterial discs were used: amoxicillin
(AML; 10 ng), amoxicillin/clavulanate (AMC; 30 pg),
cephalexin (CL; 30 pg), cefoxitin (FOX; 30 pg), clin-
damycin (CD; 2 ug), enrofloxacin (ENR; 5 pg), eryth-
romycin (E; 15 pg), gentamicin (CN; 10 pg), tetracy-
cline (TE; 30 pg), and sulfametoxazole/trimethoprim
compound (SXT; 30 ug).

Susceptibility of Staphylococcus to amoxicillin and
amoxicillin/clavulanic acid compound was evaluated
according to susceptibility to cefoxitin and penicillin.
The results were evaluated based on EUCAST (Euro-
pean Committee on Antimicrobial Susceptibility Test-
ing) 2020 guidelines for Enterobacterales, Staphylococ-
cus spp.

Enterobacterale susceptibility to tetracycline was
evaluated based on CLSI M100 standard (CLSI
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M100-ED29:2019). Susceptibility to enrofloxacin was
evaluated according to CLSI VETO08 standard (CLSI
VETO08 ED4:2018). Corynebacteriaceae susceptibility
to tetracycline and clindamycin was evaluated accord-
ing to EUCAST standard (EUCAST, 2020). Suscep-
tibility to other antibiotics was evaluated by marginal
values for Staphylococcus spp. Bacillaceae susceptibil-
ity was determined based on susceptiblity/resistance
criteria for Staphylococcus because there are no estab-
lished clinical breaking points using the disc method.

Results

Gram+ organisms (89.5%) were more common
than Gram— organisms in dogs with conjunctivitis. In
a total of 31 samples, there were 57 isolates; the most
commonly isolated organisms were Staphylococcaceae
(64.9%), followed by Corynebacteriaceae (15.8%), En-
terobacterales (10.5%), and Bacillaceae (8.8%).

In the samples where bacteria of the family Staphy-
lococcaceae were isolated coagulase-negative species
were predominant (Staphylococcus spp. 73.0%, Staph-
ylococcus chromogenes 2.7%), followed by coagulase-
positive species (Staphylococcus aureus 18.9%, Staphy-
lococcus intermedius 5.4%). Escherichia coli (33.3%),
Proteus mirabilis (33.3%), and Enterobacter spp.
(33.4%) were identified in the samples where bacteria
of the family Enterobacterales were isolated.

Bacterial associations due to a chronic infectious pro-
cess were identified in 61.2% of the samples; the most
common polymicrobial infection was represented by the
association between two different pathogens (41.9%),
followed by three pathogens in 16.1%, and four patho-
gens in 3.2% samples (Table 1). Infections caused by
only one pathogen were found in 38.8% of cases.

Amoxicillin and cefalexin showed the greatest ef-
ficacy against the Staphylococcaceae family bacteria
(91.2%), and the least susceptibility was established
to amoxicillin/clavulanate (67.6%) (Figure 1). The
susceptibility of the identified species of staphylococci
to antibacterials differed from the average susceptibi-
lity of microorganisms of the Staphylococcaceae family
(Figure 2). The most efficient antibacterials against
Staphylococcus aureus were represented by gentamicin,
enrofloxacin, clindamycin, and tetracycline (100%),
followed by cephalexin, cefoxitin, erythromycin,
amoxicillin, and amoxicillin/clavulanate (85.7%). The

most efficient antibacterials against Staphylococcus in-
termedius were represented by amoxicillin, amoxicil-
lin/clavulanate, cephalexin, tetracycline, clindamycin,
and sulfamethoxazole/trimethoprim (100%), followed
by cefoxitin, enrofloxacin, erythromycin, gentami-
cin, and clindamycin (50%). The most efficient an-
tibacterials against Staphylococcus chromogenes were
represented by cephalexin, cefoxitin, clindamycin,
enrofloxacin, erythromycin, gentamicin, tetracycline
and amoxicillin, and sulfamethoxazole/trimethoprim
(100%), while and Staphylococcus chromogenes was re-
sistant to amoxicillin/clavulanate.

Amoxicillin and amoxicillin/clavulanic acid com-
pound showed the greatest efficacy against the Co-
rynebacteriaceae family isolates (100%), and the least
susceptibility was established to clindamycin (33.3%).

Amoxicillin, tetracycline, amoxicillin/clavulanate,
enrofloxacin, gentamicin, and sulfamethoxazole/tri-
methoprim showed the greatest efficacy against the
Enterobacterales isolates (100%), and the least suscep-
tibility was established to cephalexin and cefoxitin
(83.3%) (Figure 2). Proteus mirabilis isolates were
susceptible to all tested antibacterials (100%). Amoxi-
cillin, amoxicillin/clavulanate, tetracycline, gentami-
cin, and sulfamethoxazole/trimethoprim showed the
greatest efficacy against the E. coli isolates (100%),
followed by cephalexin (50%).

Amoxicillin, amoxicillin/clavulanate, cephalexin,
enrofloxacin, gentamicin, and erythromycin showed
the greatest efficacy against the Bacillaceae family
bacteria (100%), and the least susceptibility was esta-
blished to tetracycline (40%) (Figure 3).

Discussion

The diagnosis and treatment of ocular diseases in
dogs are influenced by clinical examination of the
eye and the identification of the ocular microbiota.
In some cases, empirical treatment can be applied: an-
tibacterial medications are then prescribed suspecting
what the causative agent may be and anticipating its
susceptibility. Therefore, it is important to know the
susceptibility of bacteria that prevail in the region/
country, the probability of developing resistance, and
its consequences.

The results of our study showed that of all tested
samples from the conjunctival sac Gram+ bacteria were

Table 1. Isolates from mixed bacterial infections

Bacteria Cases

Bacteria Cases

Staphylococcus spp., Proteus mirabilis, 1
Corynebacterium spp.

Staphylococcus spp., S. intermedius, Corynebacterium 1
spp.

Staphylococcus spp., S. aureus

Staphylococcus spp., Proteus mirabilis,

4 Corynebacterium spp, S. intermedius 1
Staphylococcus spp., S. aureus, S. chromogenes Enterobacter spp., Bacillus spp., Staphylococcus spp. 1
Staphylococcus spp., Corynebacterium spp. 4 E.coli, Staphylococcus spp. 1
Staphylococcus spp., Bacillus spp. 3
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Fig. 1. Susceptibility of Staphylococcacea ir Corynebacteriaceae family bacterial isolates to antibacterials
AML — amoxicillin, AMC — amoxicillin/clavulanate, CL — cephalexin, FOX — cefoxitin, CD — clindamycin,

ENR - enrofloxacin, E — erythromycin, CN — gentamicin, TE — tetracycline, SXT — sulfamethoxazole/trimethoprim.
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Fig. 2. Susceptibility of the coagulase-positive (S. aureus and S. intermedius) and coagulase-negative

S. chromogenes and Staphylococcus spp.) staphylococcal isolates to antibacterials (AML — amoxicillin,
AMC — amoxicillin/clavulanate, CL — cephalexin, FOX — cefoxitin, CD — clindamycin, ENR — enrofloxacin,
E — erythromycin, CN — gentamicin, TE — tetracycline, SXT — sulfamethoxazole/trimethoprim.
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Fig. 3. Susceptibility of Enterobacterales and Bacillaceae bacterial isolates to antibacterials
AML — amoxicillin, AMC — amoxicillin/clavulanate, CL — cephalexin, FOX — cefoxitin, CD — clindamycin,
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isolated in 89.5% of cases. Different study reports show
a high prevalence of Gram+ bacteria in the conjuncti-
val sac of dogs with conjunctivitis, and it ranges from
56.5% to 67% (Williams, 2017, Pereira et al., 2019).
There are some data indicating that up to 44% of con-
junctival microbiota consist of Gram— bacteria (Wil-
liams, 2017). These results suggest that both Gram+
and Gram-— bacterial agents play an important role in
the pathogenesis of dogs with conjunctivitis. Previo-
us investigations of the bacterial types associated with
conjunctivitis in dogs have shown that Gram+ isolates
predominate: Staphylococcus spp. (64.8%), Streptococ-
cus spp. (18.9%), Corynebacterium spp. (0.8—-3.5%),
and Bacillaceae (2.7-4.7%) (Nadas et al., 2019, Pereira
etal., 2019). In our research, the most frequent isolates
were Staphylococcus spp. (64.9%) and Corynebacterium
spp- (15.8%). However, some authors (Williams, 2017,
Das et al., 2019) say that staphylococci are isolated
much less frequently, in only about 35.3% of cases. In
our research, enterobacteria were isolated in 10.5% of
cases, much more often than other authors have repor-
ted. The most frequently isolated Gram— bacteria are
Enterobacterales (2.7—14.4%), as well as Pseudomonas
spp- (2.7%) (Williams, 2017, Nadas et al., 2019). No
Pseudomonas spp. were isolated in our research.

Since the eye surface contains not only one single-
-family of bacteria, infection is also caused by several
families of isolates. Our research revealed mixed infec-
tions in 61.2% of cases. Research data worldwide show
similar results ranging from 29.7% to 53.3%. Staphy-
lococcus spp. is a predominant bacterium of this type of
infections (Williams, 2017, Nadas et al., 2019). In our
research, mixed infections were caused by staphylo-
cocci (29.4%), and staphylococci with corynebacterias
(29.4%) were most frequently found. Less frequen-
tly mixed infections were caused by staphylococci to-
gether with Bacillus spp. (17.6%).

Amoxicillin/clavulanate totally inhibited the
growth of Corynebacteriaceae, Enterobacterales, and
Bacillaceae bacterial isolates, and showed a weaker
growth-inhibiting effect on Staphylococcaceae family
isolates (67.6%). Research data by Das et al. (2019)
indicate that potentiated amoxicillin had a stronger
inhibitory effect on the growth of Staphylococcus spp.
by 24-26.4%. There are certain data that there is
almost no resistance against amoxicillin/clavulanate
and exceptions are relatively rare (Pereira et al., 2019).

Our research revealed that non-potentiated amoxi-
cillin acted against conjunctival isolates in 91.2—100%
cases. The lowest effect of amoxicillin on the growth
of the Staphylococcaceae family isolates was revealed.
This antibiotic is very popular in clinical practice and,
unfortunately, is used not reasonably; hence, there is
a possibility of developing bacterial resistance because
staphylococci produce beta-lactamases that inhibit
the action of antibiotics against beta-lactam bacteria.

Our research showed 83.3—100% of bacteria sus-
ceptibility to cephalexin. Cephalexin totally inhibited
the growth of the Bacillaceae family bacteria, and was

slightly weaker against the Staphylococcaceae family
isolates (91.2%). Meanwhile, research data by Auten
(2019) and Das et al. (2019) indicate that cephalexin
showed the strongest inhibitory effect on the growth
of Staphylococcaceae isolates from the dogs’ eyes. Data
showing lesser activity of cephalexin may possibly be
due to frequent use of this antibiotic and developing
resistance. The lowest inhibitory effect of cephalex-
in on the growth of the Enterobacterales isolates was
found.

Fluoroquinolones can penetrate the cornea and
get into hyaloid and eye liquid (Chung et al., 2013).
In our research, enrofloxacin inhibited the growth of
staphylococci in 83.3% of cases. However, other au-
thors report different data. Das et al. (2019) indicate
that susceptibility of staphylococci to fluoroquinolo-
nes reaches 100%, while Pereira et al. (2019) report
only a 62.5-69.3% effect. Kang et al. (2014) report
relative resistance of Staphylococcus spp. to fluoro-
quinolones: only 38.8% of isolates were susceptible
(Pereira et al., 2019).

Erythromycin showed a growth-inhibiting action
against Gram+ isolates in 71.4-100% of cases. It is
one of the safest antibiotics. Other authors report
similar data: Awosile et al. (2018) report that suscepti-
bility of staphylococci to erythromycin reaches 62.8—
90.7%. Most macrolides show a post-antibiotic effect
because they penetrate into phagocytes (neutrophils,
macrophages, fibroblasts): their antibacterial activity
remains present even when therapeutic concentration
decreases (Steel et al., 2012).

Gentamicin was active against isolated bacteria in
44.4-100% of cases. It showed the strongest growth-
inhibiting action against Enterobacterales and Bacil-
laceae isolates. Its weakest growth-inhibiting action
was against the Corynebacteriaceae family bacteria.
Research of Pereira et al. (2019) reports that amino-
glycosides can be used empirically or for preventive
treatment of eye infections in dogs. The research re-
vealed that staphylococci were susceptible in 78.4%
of cases, slightly more than the research by Williams
indicates, i.e., 63% (Williams, 2017). Similar results
were obtained by Pereira et al. (2019); meanwhile,
Das et al. (2019) indicate more marked susceptibility
of staphylococci to gentamicin (85%).

Susceptibility of Enterobacterales isolates to gen-
tamicin is not equal. Various studies showed that
gentamicin inhibited E. coli growth in 100% of cases.
Pereira et al. (2019) report it to be 62.5%, whereas
Proteus mirabilis were susceptible only in 50% of cases
(Williams, 2017). Other researchers’ data indicate that
E. coli was resistant in 80% of cases. However, the
testing was performed in Taiwan, where gentamicin
is the antibiotic of the first choice and is widely used.
This might be the reason for such resistance (Wil-
liams, 2017), although similar results were obtained
by Das et al. (2019). In this case, E. coli suscepti-
bility to gentamicin was only 33%, while the growth
of Proteus mirabilis was completely inhibited by gen-
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tamicin. Corynebacteria isolated from the conjunc-
tiva of sick dogs demonstrated lesser susceptibility to
gentamicin than the data by Pereira et al. (2019) and
Williams (2017) indicate, where gentamicin demon-
strated 100% growth-inhibiting activity. Our research
showed that gentamicin totally inhibited the growth
of Bacillus spp. and Enterobacterales isolates. This
data correspond with the results reported by Williams
(2017).

In our research, tetracycline showed a 40-100%
inhibiting action against bacteria isolates. Tetracycli-
ne showed the most expressed growth-inhibiting ef-
fect against Enterobacterales isolates; the weakest effect
was against Bacillaceae family isolates. It was determi-
ned that Staphylococcus intermedius, one of the most
common bacteria found in dogs, is susceptible to te-
tracycline only in up to 38.6% of cases (Pereira et al.,
2019). According to the data from Kang et al. (2014),
94% of Staphylococcus intermedius isolated from the
conjunctiva of sick dogs were resistant to tetracycline.
Our research revealed a comparatively good effect of
tetracycline against S. intermedius and S. chromogenes
because the growth of these bacteria were inhibited in
100% of cases. Meanwhile, Pereira et al’s (2019) data
show susceptibility of enterobacteria to tetracycline
only in 45.8% cases. Data presented in the literature
indicate that Corynebacterium spp. is very susceptible
to tetracycline, i.e., 100% (Pereira et al., 2019), but our
research showed only a 66.7% susceptibility rate.

Sulphametoxazole/trimethoprim compound af-
fected conjunctival isolates in 60—100% of cases. The
most expressed growth-inhibiting effect was noticed
against Enterobacterales isolates; the weakest effect was
against Bacillaceae family bacteria. Sulfonamides have
a wide action spectrum: they act against most Gram+
bacteria. They perfectly penetrate into eye tissues, but
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