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A B S T R A C T

Bacterial contamination of the anterior chamber during cataract surgery is one of the main responsible for
endophthalmitis postoperative. Phacoemulsification is a less invasive technique for cataract treatment, although
it does not exclude the possibility of contamination. In this study, bacterial contaminants of aqueous humor
collected pre- and post-phacoemulsification with intraocular lens implantation (IOL) of twenty dogs were
identified. As the conjunctival microbiota constitute a significant source of anterior chamber contamination,
bacterial isolates from aqueous humor were genetically compared with those present in the conjunctival surface
of the patients. Three dogs presented bacterial growth in both aqueous humor and conjunctival surface samples.
Bacterial isolates from these samples were grouped according to their genetic profiles by repetitive-element PCR
(rep-PCR) and their representatives were identified by 16S rRNA sequencing. Isolates from conjunctival surface
were identified as Enterobacter spp., Staphylococcus spp. and S. aureus; and from aqueous humor samples as
Enterobacter spp., Pantoea spp., Streptococcus spp. and Staphylococcus spp., respectively in decreasing order of
prevalence. According to the rep-PCR analysis, 16.6% of Enterobacter spp. isolates from conjunctival surface were
genetically similar to those from aqueous humor. The rest of isolates encountered in aqueous humor were ge-
netically distinct from those of conjunctival surface. The significant genetic diversity of bacterial isolates found
in the aqueous humor samples after surgery denoted the possibility of anterior chamber contamination during
phacoemulsification by bacteria not only from conjunctival surface but also from different sources related to
surgical environment.

1. Introduction

Phacoemulsification is the current technique of choice for cataract
surgery in dogs. This method of surgery requires a small incision and
enhances the safety of IOL implantation with minimal chances of
postoperative complications (Gilger, 1997). Endophthalmitis after
phacoemulsification is rare, around 0.4% (Johnstone and Ward, 2005)
of the cases in dogs. However, bacterial contamination of the anterior
chamber may occur with relative high frequency, ranging from 9% to
31% of the surgeries (Taylor et al., 1995; Ledbetter et al., 2004).

Conjunctival surface is considered the main source of contamination
of the anterior chamber (Ariyasu et al., 1993). Conjunctival fluid has
been shown to flow into the anterior chamber during the extracapsular
lens extraction aspiration stage and IOL implantation (Sherwood et al.,

1989). Other factors should be considered as contributors for anterior
chamber contamination, as operating solutions, instruments, operating
room and surgeon (Taylor et al., 1995).

Conjunctival bacterial microbiota encompasses resident and op-
portunistic microorganisms. The residents often inhibit the growth of
pathogens through nutritional competition and secretion of active
substances. This dynamic plays an important role in the ocular pro-
tection against infections. Nevertheless, infectious disease or persistent
use of antibiotics and/or corticosteroids can harm the resident micro-
biota and allow the multiplication of opportunistic pathogens with the
consequent establishment of the disease (Gerding and Kakoma, 1990).
A previous study has demonstrated that microorganisms present in the
anterior chamber of dogs’ eyes after phacoemulsification were similar
to those detected in conjunctival surface by bacteriological culture and
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antimicrobial susceptibility (Ledbetter et al., 2004).
A currently recommendable approach for detection of bacterial

contamination sources and species related to infectious diseases of eyes
is by associating traditional culture methods with molecular techniques
(Sharma, 2012). The sequencing of 16S rRNA has been successfully
applied for bacterial genus classification (Mizrahi-Man et al., 2013;
Srinivasan et al., 2015), while molecular markers such as repetitive-
element PCR (rep-PCR) has been aiding the classification of bacterial
isolates by genomic fingerprint patterns (Agostinho et al., 2014; Li
et al., 2017).

Owing to bring up to date the researches comprising bacterial
contamination of anterior chamber after phacoemulsification of dogs,
this study aimed to identify bacterial contaminants of aqueous humor of
dogs during the surgery with intraocular lens implantation by mole-
cular approaches and genetically correlate them with those present in
the conjunctival surface.

2. Methods, techniques

2.1. Patients

A total of 20 non-diabetic dogs of different breeds, affected by bi-
lateral immature or mature cataracts were sampled. The dogs did not
show systemic or ophthalmic diseases and sequelae of ocular in-
flammation, except for the cataracts.

2.2. Preoperative therapy

One hour before surgery, the dogs received one drop of topical
combination of dexamethasone and tobramycin (Tobradex, Alcon Labs,
São Paulo, Brazil). In addition, one drop of 1% atropine sulfate
(Atropine Eye Drops, Allergan, São Paulo, Brazil) were applied after
30 min.

2.3. Antisepsis and phacoemulsification

Pre-anesthetic medication was delivered by intramuscular injection
of a combination of meperidine (4 mg/kg) (Fentanest, Cristália, Itapira,
Brazil) and diazepam (0.3 mg/kg) (Diazepam, Hipolab, Eymard,
Brazil). General anesthesia was induced with propofol (5 mg/kg)
(Propovan, Cristália, Itapira, Brazil) and maintained with isoflurane
(Isothane, Baxter, Guayama, Puerto Rico). The dogs were positioned in
dorsal decubitus and the eyelids and periocular hair area were clipped
closely. Both eyes were submitted to antisepsis. About 5.0 mL of 10%
iodopyrrolidine aqueous solution was used on the eyelids and perio-
cular skin, while the ocular surface and eyelid margins were flushed
with the same volume of the 0.9% iodopyrrolidine. All these procedures

were repeated three times immediately before the surgery.
The surgical technique adopted was bimanual phacoemulsification,

one principal and one auxiliary, both located in the clear cornea ap-
proximately 1.0 mm from the limbus. A capsule dye (Trypan Blue,
Ophthalmos, São Paulo, Brazil) was injected into the anterior chamber.
A mixture of viscoelastic solutions, composed of 4% chondroitin sulfate,
3% sodium hyaluronate and 1% sodium hyaluronate (Duovisc, Alcon
Labs, São Paulo, Brazil) were then injected in the anterior chamber. The
anterior capsular incision was made with a cystotome, followed by
continuous curvilinear capsulorhexis with an Utrata forceps, and hy-
drodissection of the nucleus was performed. The technique used was
‘divide and conquer’ nucleofraction phacoemulsification. The cortex
was removed by irrigation and aspiration. A foldable acrylic IOL (30-V
12.0/30 V-14.0 − Acrivet, Hennigsdorf, Germany) was implanted in
the capsular bag. The clear corneal incision was sutured by 9-0
Polyglactin 910 (Vicryl, Ethicon, São Paulo, Brazil) in a simple inter-
rupted pattern.

2.4. Sampling

Following the induction of general anesthesia, samples were col-
lected after clipping the hair of surgical area and antisepsis of the
conjunctival sacs. Samples of conjunctival surface from both eyes were
collected using sterile swabs as described on literature (Ledbetter et al.,
2004; Sharma, 2012). Swabs were gently passed by the dorsal and
ventral conjunctival fornix and by the superior and inferior eyelid
margins. Contact with palpebral skin and eyelashes were avoided. Im-
mediately after samples collection, the swabs were placed in tubes
containing Brain Heart Infusion broth (BHI). At the beginning of sur-
gery, immediately after anterior chamber entry, and at the end of sur-
gery, immediately before the corneal suture, aliquots of 0.5 mL of
aqueous humor were collected from both eyes through corneal groove
with a 1 mL sterile syringe.

Conjunctival and aqueous humor samples were transported to the
Molecular Epidemiology Laboratory on ice, where the samples were
manipulated in an aseptic chamber. Each conjunctival surface sample
and aqueous humor aliquot was divided and placed into two tubes
containing BHI broth, being one maintained in aerobiosis and the an-
other in anaerobiosis, in hermetic jars with Anaerobac System (Probac,
Sao Paulo, Brazil). The tubes were incubated at 37 °C for 18 to 48 h.

2.5. Postoperative therapy

Prednisone (Prednisona, Medley, Campinas, Brazil) was adminis-
tered orally (1 mg/kg) at 24 h intervals for 15 consecutive days, fol-
lowed by gradual reduction of the dose over the following 15 days.
First, one drop of dexamethasone associated with tobramycin

Fig. 1. Gel electrophoresis of amplification products with BOX markers of bacterial isolates showing five different genetic profiles. Ladder: 100 bp Plus DNA Ladder (Thermo Fisher
Scientific). NTC: no template control.
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Fig. 2. Bayesian analysis of 16S rRNA region of the
representative bacterial isolates obtained from con-
junctival surface and aqueous humor samples of dogs
submitted to phacoemulsification.

Table 1
Number of positive bacterial colonies from conjunctival surface (C) and aqueous humor samples collected before and after phacoemulsification (HB and HA) of three dogs that had their
anterior chamber contaminated during the surgery.

Samples Number of isolates (%)

Enterobacter spp. Pantoea spp. Staphylococcus spp. Staphylococcus aureus Streptococcus spp.

1C 11 (13.8%) – – – –
1HA 5 (6.2%) – – – –
3C 8 (10%) – 11 (13.8%) – –
3HA – 14 (17.5%) – – –
4C 5 (6.2%) – – 4 (5%) 7 (8.7%)
4HB – – – –
4HA 13 (16.3%) – 2 (2.5%) – –
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(Tobradex, Alcon Labs, São Paulo, Brazil) were applied six times a day
for seven days and, after this period, four times a day for a minimum of
21 days. Diclofenac QID for 30 days, 1% brinzolamide BID for 7 days,
and atropine BID for 3 days were also administered to the eyes sub-
mitted to surgery.

2.6. Bacterial isolation

Both conjunctival surface and aqueous humor samples from the
same patient showing bacterial growth in BHI broth were submitted to
isolation in Blood Agar plates (Laborclin, Pinhais, Brazil), aerobically
and anaerobically, at 37 °C for 12 h. All colonies types, at least ten
colonies per sample, were picked and placed in tubes containing BHI

broth that were incubated at the same conditions.
The isolates were identified according to their sources as follow:

conjunctival surface samples of the right and left eyes (CR and CL);
aqueous humor samples of the right and left eyes collected at the be-
ginning of surgery (HRB and HLB); and aqueous humor samples of the
right and left eyes collected after surgery (HRA and HLA). The code of
samples was complemented with the number of the patient, from one to
twenty, and subsequently, with the number of bacterial strain obtained.

2.7. Molecular analysis

2.7.1. Screening of isolates
All isolates obtained in Blood Agar were submitted to DNA

Fig. 3. Neighbor-Joining groupment resulting from rep-PCR analysis of bacterial isolates obtained from conjunctival surface and aqueous humor samples collected before and after
phacoemulsification surgery of dogs.
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extraction as proposed by Bag et al. (2016) in order to obtain DNA with
high integrity. Owing to the large number of isolates obtained, those
with different genetic profiles were selected, aiming to analyze as many
diverse bacterial strains as possible. Tests with different primers that
amplify repetitive regions (Versalovic et al., 1994; Koeuth et al., 1995)
have been done, which allowed the selection of the primers that pre-
sented lower polymorphism, a valid characteristic for bacterial isolates
screening using genetic profile. Thus, prior sequencing and rep-PCR
genetic diversity analysis, all isolates obtained were submitted to
screening with the set of primers BOXA1 and BOXC1R (Koeuth et al.,
1995).

2.7.2. 16S rRNA sequencing
All isolates with different profiles according to the BOX-PCR were

submitted to sequencing of 16S rRNA region by applying the set of
primers 8F/907R (Nercessian et al., 2005). The amplicons were par-
tially sequenced by using Big Dye Terminator v3.1 Kit (Applied Bio-
systems, Waltham, USA) in an ABI 3100 Sequencer (Applied Biosys-
tems, Waltham, USA). Even with absence of amplification product,
negative controls of each reaction were submitted to sequencing to
ensure the accuracy of data. Sequences were analyzed and trimmed by
using the software package Phred/Phrap/Consed (Green, 1996; Ewing
and Green, 1998; Gordon et al., 1998). Sequences from the GenBank
and those obtained in this study were aligned by MUSCLE version 3.6
(Edgar, 2004). The best model for phylogenetic analysis was selected
according to the Akaike Information Criterion (AIC) (Posada and
Buckley, 2004). Phylogenetic analysis was then carried out in the
MrBayes 3.2.3 software (Ronquist and Huelsenbeck, 2003) using four
independent MCMC runs with ten million generations, with sampling
every 200 generations. The initial 25% of trees were discarded in order
to eliminate bias of the beginning of the analyzes.

The isolates identified by sequencing became the standards of the
bacterial profiles obtained by BOX markers. Therefore, the isolates that
presented the same profile of those sequenced were classified as well.

2.7.3. rep-PCR
The sequenced isolates and other representatives of the same ge-

netic profile were submitted to the complete rep-PCR analysis for ge-
netic diversity study of the population. Three set of primers were used,
Rep1R-I associated with Rep2-I (Versalovic et al., 1994), Eric2
(Versalovic et al., 1994) and BoxC1R (Koeuth et al., 1995). PCR was
performed using 1× buffer (20 mM Tris-HCl pH 8,4; 50 mM KCl),
2,5 mM MgCl2, 0.2 mM dNTPs, 1.0 U Taq DNA polymerase, 5 pmol of
each primer, 60 ng of genomic DNA and pure water to 20 μL of solution.
All reactions were prepared including a negative control, without
template. Amplification was conducted in a thermocycler (Veriti
Thermal Cycler, Applied Biosystems, Waltham, USA) programmed for
one cycle at 95 °C for 4 min; 36 cycles at 94 °C for 60 s, 40 °C for 30 s for
Rep and Eric and 52 °C for Box, and 72 °C for 90 s; following by one
cycle at 72 °C for 10 min. Amplicons were visualized in agarose gel
1.5%. The binary matrix obtained by the principle of presence and
absence of bands with the same molecular size was used to generate a
neighbor-joining grouping with 1000 bootstrap replication by PAUP
software version 4.0b10 (Swofford, 2002).

3. Results

Aerobic and/or anaerobic bacterial growth resulted from the con-
junctival surface of 36 out of 40 eyes (90%). On the other hand, aerobic
and/or anaerobic bacterial growth was obtained from aqueous humor
samples of only patients 1, 3 and 4 (15%). Patients 1 and 3 did not show
bacterial growth in the presurgical samples, while all the three patients
presented bacterial growth of aqueous humor samples from both eyes
after surgery. Thus, conjunctival surface and aqueous humor samples
from dogs 1, 3 and 4 were submitted to bacterial isolation.

After BOX-PCR analysis, 24 isolates with different profiles (Fig. 1)

had their 16S rRNA region sequenced (accession numbers in the NCBI
GenBank KP994634-KP994657). These isolates were identified as En-
terobacter spp., Staphylococcus spp., S. aureus, Pantoea spp. and Strep-
tococcus spp. (Fig. 2). The identification of bacterial genus corre-
sponding to each genetic profile allowed the identification of the
remaining isolates (Table 1). Isolates supposed to be S. aureus were
submitted to specific PCR (Sasaki et al., 2010) for species confirmation.

Thus, from the total of isolates obtained, Enterobacter spp.,
Staphylococcus spp. and S. aureus were identified in conjunctival surface
samples in the proportion of 61.5%, 28.2% and 10.3%, respectively.
From aqueous humor samples, 43.9% of isolates belonged to
Enterobacter spp., 34.1% to Pantoea spp., 17.1% to Streptococcus spp.
and 4.9% to Staphylococcus spp. Isolates of Streptococcus spp. were
identified only in samples of aqueous humor collected from patient 4
before surgery. Additionally, bacterial cultures from conjunctival sur-
face and aqueous humor samples, collected after surgery, were sub-
mitted to PCR with species-specific primers for Streptococcus spp.
(Meiri-Bendek et al., 2002) and none of the samples showed to be po-
sitive, which corroborates the results obtained by bacterial isolation
and sequencing.

The sequenced isolates and others selected by BOX-PCR were sub-
mitted to the complete rep-PCR analysis, being 39 isolates from the
conjunctival surface samples and, 7 and 34 isolates from aqueous
humor samples collected before and after surgery, respectively. The 80
isolates selected were separated into five different groups by rep-PCR
with high genetic diversity (Fig. 3). In general, the isolates were sepa-
rated into subgroups according to dogs and sources, conjunctival and
aqueous humor, from which they were obtained, showing its relative
genetic specificity. As exception, isolates HLA1.3 to HLA1.6 from pa-
tient 1 showed to be genetically closely similar to isolates CR3.1 to
CR3.7 and CL3.16 from patient 3, which leads to the assumption that
they are from the same origin.

Only Enterobacter spp. genus was found in both aqueous humor and
conjunctival surface samples from dogs 1 and 4. In the molecular tree
obtained by rep-PCR analysis, we observed some Enterobacter spp. iso-
lates that may be related to cross infection. Isolates CR4.1, CR4.2 and
CR4.5 from conjunctival surface samples were genetically closely si-
milar to HRA4.4, HRA4.5, HRA4.7, HLA4.1, HLA4.2 and HLA4.6 from
aqueous humor samples of patient 4. In the same way, CR4.9 showed
genetic similarity with HRA4.2 (Fig. 3). Thus, out of 24 Enterobacter
spp. isolates obtained from conjunctival surface, 16.6% were geneti-
cally related to those from aqueous humor samples.

Thereby, the results indicated that contamination of anterior
chamber during phacoemulsification may come from a variety of
sources besides conjunctival surface. All patients were followed up for
one year after surgery. Only patient 3 developed postoperative en-
dophthalmitis that was successfully treated with antibiotics. Even after
contamination of the anterior chamber, the dogs 1 and 4 did not de-
velop endophthalmitis.

4. Discussion

Some of the bacterial strains and genus identified in aqueous humor
samples were not present in those from conjunctival surface, which
leads us to point out not only the microbiota from conjunctival surface
as source of contamination, but also additional sources.

Bacterial growth has been reported in conjunctival surface in 65%
of cases in humans (Leong et al., 2002) and 81.8% in dogs (Ledbetter
et al., 2004). The microorganisms of conjunctival flora are abundant in
both humans and dogs and, due to this fact, there is a high risk of cross
infection during surgery. The literature has also already reported bac-
terial growth in aqueous humor samples of dogs submitted to cataract
surgery (Taylor et al., 1995; Ledbetter et al., 2004; Johnstone and
Ward, 2005). A study reported 5% of bacterial isolates from con-
junctival flora to be similar to those found in the aqueous humor
samples by biochemical analysis (Ledbetter et al., 2004). In the present
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study, 10.2% of isolates from conjunctival surface were genetically
related to those from aqueous humor samples. In other studies, con-
tamination of anterior chamber in humans were reported in 1.8%
(Baillif et al., 2012) to 5% (Samad et al., 1995) of the cases.

The most common microorganisms identified in dogs’ conjunctiva
are gram-positive bacteria, although the gram-negative ones have also
been isolated (Prado et al., 2005). The prevalence of S. aureus, S. in-
termedius, S. epidermidis, Bacillus sp., Proteus mirabilis and Enterobacter
cloacae in the conjunctival sac of healthy dogs had been reported
(Andrade et al., 2002). In turn, Staphylococcus spp., S. aureus, Strepto-
coccus spp., Pseudomonas aeruginosa and Enterobacter spp. were asso-
ciated to ulcerative keratitis (Gerding and Kakoma, 1990; Sueke et al.,
2010). Staphylococcus spp. belongs to the bacterial flora of conjunctival
surface of dogs and is considered the most abundant genus in clinically
healthy dogs (Gerding and Kakoma, 1990; Andrade et al., 2002). Even
though the resident flora plays an important role in the host defense
mechanism by preventing the colonization of opportunistic pathogens
(McClellan, 1997), in a previous study it has been related to 82% of
intraocular infections and, in this context, coagulase-negative staphy-
lococci have been associated to 50% of acute postoperative en-
dophthalmitis (Mistlberger et al., 1997). Conjunctival flora is the main
source of bacterial contamination of the anterior chamber (Ariyasu
et al., 1993) and contaminates the aqueous humor in up to 30% of the
cases (Auclin et al., 2001).

Enterobacter spp. was the most prevalent genus encountered in
conjunctival surface samples of this study and, as previously reported,
this bacterial genus can be associated to keratitis cases (Sueke et al.,
2010). According to the genetic diversity analysis based on rep-PCR
markers, Enterobacter spp. strains present in the conjunctival surface of
the patient 4 was found in aqueous humor samples, probably owing to a
cross infection. In the literature, contamination of anterior chamber
after phacoemulsification in dogs by bacterial strains similar to those
present in conjunctival surface was reported for the species Staphylo-
coccus epidermidis (Samad et al., 1995), Pantoea agglomerans and Bacillus
sp. (Ledbetter et al., 2004).

Some Enterobacter spp. strains, Staphylococcus spp. strains, Pantoea
spp. and Streptococcus spp. genus present in aqueous humor samples
and not found in conjunctival surface may have contaminated the
anterior chamber during the surgery. In addition to conjunctival flora,
the microbiota present in the eyelid margins and ocular surface of eyes
is a considerable cause of postoperative bacterial endophthalmitis
(Andrade et al., 2002).

By the aid of molecular markers, bacterial strains can usually be
related to their hosts (Agostinho et al., 2014). This was observed in our
work with some exceptions that could be indicative of contamination
from surgical supplies and environment. Other sources of contamina-
tion are represented by the IOLs. These lenses have affinity to dirt
particles and can be contaminated merely by exposure to the surgery
room air (Vafidis et al., 1984). Furthermore, extraocular fluids, dis-
posable materials and surgical instruments directly in contact to the
anterior chamber are also contamination sources (Taylor et al., 1995).

Even though three dogs showed the presence of viable potential
pathogenic bacteria in their anterior chamber at the end of surgery,
none of the eyes developed untreatable infectious endophthalmitis.
Antimicrobial therapy applied during and after surgical procedures has
played an essential role in preventing infection. Also, when faced with
contamination, the defense mechanisms of the eye, such as im-
munoglobulins present in the aqueous humor and phagocytes of the
trabecular meshwork endothelium, are mobilized (Ledbetter et al.,
2004). Streptococcus spp. genus was identified in aqueous humor sam-
ples only before surgery. In this case, it is possible that fluid exchange
during irrigation/aspiration at the time of surgery has been responsible
for the mechanical clearing of microorganisms from the anterior
chamber (Shimada et al., 2017). The antimicrobial properties of the
aqueous humor also contribute to decrease the risks of contamination
(Mistlberger et al., 1997).

The sequencing of 16S rRNA region and genetic diversity analysis
by molecular markers of bacterial isolates from dogs’ eyes confirmed
the association of the reported bacterial genus to conjunctival surface
and the possibility of its cross infection with aqueous humor. The sig-
nificant genetic diversity of bacterial isolates reported from aqueous
humor samples in our study is suggesting that a variety of sources may
be responsible for contamination during surgery.

Therefore, in order to avoid postoperative endophthalmitis, the use
of preoperative, intraoperative and postoperative broad-spectrum an-
tibiotics is important to limit the effect of anterior chamber con-
tamination from conjunctiva, other periocular structures or the surgical
environment.
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