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Ocular Surface Microbial Flora and Photorefractive Keratectomy
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Purpose. To assess the inuence of photorefractive keratectomy (PRK) on ocular surface microbial ora. Methods. A prospective
study was conducted on patients who underwent PRK.�e samples were taken from the inferior conjunctival fornix using a sterile
swab, immediately before surgery, and then within three months following the PRK. �e samples were tested using three culture
mediums including blood agar, chocolate agar, and eosin methylene blue agar. Results. �irty-�ve eyes of 35 patients including 19
females (54.3%) with a mean age of 24± 3.2 years were enrolled.�e culture-positive rate was 15/35 eyes (42.9%) preoperative and
17/35 (48.6%) postoperative samples (P � 0.47). �e most common microorganisms isolated from preoperative samples were
coagulase-negative Staphylococcus (CoNS) spp. in 14 (40%) samples, followed by Streptococcus spp. in 2 (5.7%), and Staphy-
lococcus aureus in one (2.9%). Postoperative microorganisms isolated from conjunctival samples were CoNS spp. in 15 (42.9%),
Streptococcus spp. in 3 (8.6%), and Staphylococcus aureus in one (2.9%), and Corynebacterium spp. in one (2.9%). Conclusion. �is
study indicated that there is not any remarkable di�erence in microorganisms isolated from conjunctival samples three months
after PRK.

1. Introduction

Photorefractive keratectomy (PRK) is one of the popular
refractive procedures using the excimer laser for the ablation
of the anterior corneal tissue. Several complications can
occur during and after PRK. Common short-term com-
plications included pain, delayed visual recovery, and haze.
Undercorrection or overcorrection, inability to tolerate
contact lenses, light sensitivity, regression, decentration,
haze, corneal ectasia, and dry eye are among the most
common long-term complications [1–4].

Although with a low prevalence, the infection has
remained one of the most potential complications of PRK in
both short- and long-term periods [2, 5–8].

Conjunctival ora plays a defensive role as protects from
colonization of pathogens.�e pathogens responsible for the

infection are mostly gram-positive ones [5, 9, 10], while the
type of the microorganisms may be a�ected by age, gender,
workplace, environment, underlying disease, and hospital-
ization [5, 9, 11].

Another aspect that seems to a�ect the conjunctival ora
and leads to infections is the manipulation of the ocular
surface through corneal refractive surgeries which can cause
a reduction of functional meibomian glands, and therefore
infection development [12, 13]. Contamination of contact
lenses and probably the preoperative use of antibiotics are
other factors that may be related to post-PRK infections
[14–16].

To the best of our knowledge, the studies conducted
previously to assess the factors related to the post-PRK
infections have been almost conducted during the periods
that the patients were under antibiotics, steroids, or other
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treatment, while in the current study, we have aimed to find
the effects of PRK on the conjunctival bacterial flora within
three months following the procedure.

2. Material and Methods

2.1. Participation and Study Design. In this prospective
before and after study, subjects who were candidates for the
PRK and referred to the Feiz Hospital, the ophthalmology
center affiliated with the Isfahan University of Medical
Sciences, were included. &e Ethics Committee of Isfahan
University of Medical Sciences primarily confirmed the
protocol of the study (IR.MUI.REC.1396.3.042).

&e participants were patients with refractive errors aged
above 18 years who were candidates for PRK. &e study
protocol was entirely explained to the included participants,
and they were requested to present the signed consent form
of participation in the study.

History of underlying chronic diseases (e.g., diabetes
mellitus and hypertension), chronic use of systemic im-
munosuppressive agents, oral antibiotics use within three
weeks before the surgery, smoking and/or alcohol use,
chronic use of topical or oral corticosteroids, and pregnancy
were considered as the unmet criteria. &ose who required
reoperation or presented conjunctival infection within three
months following the surgical procedure were excluded
from the study.

Sequential inertial sampling was used to enroll the study
population. One eye of each participant was selected ran-
domly by using a random number generator statistical table.

2.2. Surgical Procedures. All surgeries were performed by a
single skilled surgeon (A.P.). After instilling topical anes-
thesia (tetracaine 0.5%, SinaDarou, Iran), an eyelid specu-
lum was inserted. &e surface corneal epithelium in a 9mm
diameter area was loosened using a 20% alcohol solution and
removed using a blunt spatula (Hockey knife). Surgery was
performed using a Technolas 217z100 excimer laser system
(Bausch & Lomb). PRK protocols were described elsewhere
in detail [1, 4].

2.3. Conjunctival Cultures. Conjunctival sampling was
performed for one eye of each patient before surgery and
3months after. To assess the flora, in the operation room and
immediately before anesthesia by tetracaine 0.5%, a sterile
wet swab was administered to obtain the samples from the
inferior conjunctival fornix of one eye. &e swabs had no
contact with the lids and were immediately added to three
culture mediums including blood agar, chocolate agar, and
eosin methylene blue agar. &e mediums were prepared at
most within twelve hours before the use. All of the plates
were placed in the incubator for an hour at 37 centigrade
degrees and then checked by a microbiologist daily for three
days. Standard microbiologic studies, including gram
staining, colony morphology study, motility assessment,
oxidase, and catalase tests were performed. Besides, to make
definite microorganism identification, automated identifi-
cation kits were utilized. Within three months following the

surgery, the patients were referred for the follow-up and
conjunctival sampling was performed with similar tech-
niques and assessments.

2.4. Statistical Analyses. Descriptive data were presented in
mean, standard deviation, percentages, and absolute num-
bers. McNemar’s test was used to compare the pre- and
postoperative data. &e data were analyzed in SPSS (version
22) software (Statistical Procedures for Social Sciences,
Chicago, Illinois, USA). P values less than 0.05 were con-
sidered significant in all the tests.

3. Results

&irty-five eyes of 35 patients (19 females and 16 males;
mean age, 24± 3.2 years) were enrolled. &e conjunctival
culture grew organisms in 15 of 35 samples (42.9%) pre-
operative. Of the 15 samples with positive culture results, 2
(13.3%) had mixed cultures with two strains isolated (each
for two microorganisms). After 3 months of operation, the
conjunctival culture grew organisms in 17 of 35 samples
(48.6%). Of the 17 samples with positive culture results, 3
(17.6%) had mixed cultures with two strains isolated (each
for twomicroorganisms).&ere was no significant difference
between pre- and postoperative culture-positive rates
(P � 0.47).

&e most common microorganisms isolated from pre-
operative samples were coagulase-negative Staphylococcus
(CoNS) spp. in 14 (40%) samples, followed by Streptococcus
spp. in 2 (5.7%) and Staphylococcus aureus in one (2.9%)
(Table 1). Postoperative microorganisms isolated from
conjunctival samples were CoNS spp. in 15 (42.9%),
Streptococcus spp. in 3 (8.6%), and Staphylococcus aureus in
one (2.9%), and Corynebacterium spp. in one (2.9%)
(Table 1).

A comparison of preoperative versus postoperative
positivity of the cultures showed no statistical differences in
the numbers of microorganisms (P> 0.05). Table 1 presents
microorganisms isolated from conjunctival flora before and
after PRK.

4. Discussion

&e current study was conducted to determine the influence
of PRK, as one of the most popular refractive surgeries, on
the normal flora of the conjunctiva. We found that the
conjunctival flora was not remarkably affected by this
procedure after 3 months. Besides, CoNS was the most
common type of microorganism found both preoperatively
and postoperatively.

In our study, positive bacterial growth was detected in
about 43% of all the samples before surgery which was in the
range presented by other studies. Tao et al. presented the
range of 19–83% of positive isolations based on the age
categories [12]. &e other study by Sthapit et al. assessed 200
patients and presented a positivity of 78.5% [5]. &is diversity
can be attributed to the type of patient selection in different
studies, as we have excluded patients under treatment with
any agent that can probably influence the flora including
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antibiotics, immunosuppressive agents, and steroids. Other
factors include the past medical history of diabetes, use of
contact lenses, and eyelid deformities. Genetic factors, oc-
cupation settings, and diversity in the geographical distri-
bution of the microorganisms are factors that should not be
underestimated [13, 17]. In general, almost half of the healthy
population has positive cultures of the conjunctiva; this is the
point that all of the studies are in stock.

Preoperative assessment of microorganisms in our study
revealed CoNS as the most prevalent culture followed by
Staphylococcus aureus. &ese findings were in agreement
with the study of Ansari et al. that assessed 4391 cultures and
presented gram-positive organisms in 94.2% of the cultures
while the remaining 5.3% were gram-negative. CoNS was
positive in 88.3%, followed by Streptococcus species in 23.1%,
and Staphylococcus aureus in 10.2% of the cultures [18].
Capriotti et al. conducted another study and showed aerobic
gram-positive bacteria in 62%, CoNS in 28.6%, and
Staphylococcus aureus in 19.9% in a total number of 276
cases [9]. Singer et al. reported Staphylococcus epidermidis in
40% and Staphylococcus aureus in 30% of the assessed cases.
&ese microorganisms are the familiar residents of skin and
mucous membrane flora and are acquired in conjunctiva
from the adjacent eyelid or hands [11].

Yuksel et al. evaluated microbiologic cultures of bandage
contact lenses (BCL) used following corneal collagen cross-
linking and PRK in Turkey.&ey presented that 12.2% of the
lenses were positive postoperatively [14]. &e other similar
study by Dantas et al. performed a similar study and ana-
lyzed the microbiological study of the contact lenses within
three days following the operation. &ey declared 8.6% of
positivity among the studied population [19]. Liu et al.
evaluated the bacterial contamination of BCL after PRK, and
reported 6.67% of positivity among cultured isolations [20].
Mentioned studies were entirely performed within a few
days following the procedure while ours was performed
within three months. We found postoperative positive
cultures in about 49% of the cases, which was slightly more
than the preoperative assessment but insignificant. Besides,
the rate of 49% is remarkably higher than other studies in
this regard, which may be attributed to the time of as-
sessment, as preoperative medications may affect the con-
junctival colonization, or to the number of studies’
populations. Despite mentioned reasoning, we think that
PRK does not affect the conjunctival flora.

Jung et al. raised a theory about the probability of in-
fection incidence following the PRK surgery because of
ocular surface manipulation, and reduction of meibomian
glands function following the surgery [21]. &is theory was

not favored by other studies, as Dantas et al. presented
similar outcomes to our preoperative assessments, and only
a patient out of 81 ones was positive for gram-negative
bacillus [19]. Similar presentations were reported by Barry
et al. [22], and Yuksel et al. [14] as well. However, in contrast
to our study, mentioned reports were performed within a
few days following the surgical procedures.

To the best of our knowledge, the current study is the first
to assess PRK effects on the conjunctival flora within a con-
siderable interval of three months.&ere are several limitations
in the current study that should be noted. First, we did not
evaluate other microorganisms such as fungi. Second, an
antibiogramwas not performed in our study. Other limitations
are that we evaluated the conjunctival flora before and
3 months after PRK. It does not clear whether the changes are
the permanent effect of PRK or alter with time. Further studies
should be conducted to evaluate the changes of conjunctival
flora during each month after PRK by serial culture.

In conclusion, gram-positive bacteria were the most
common isolated microorganism derived from the conjunc-
tival surface, whether preoperatively or postoperatively. In this
study, no remarkable difference in microorganisms isolated
from conjunctival samples was found three months after PRK,
so it seems PRK had no significant effect on conjunctival flora
at least in the first 3 months of follow-up. Further clinical
research with more follow-up period and larger sample size is
needed to clarify the effects of PRK on conjunctival flora and
the potential risk of infection postprocedure.

Data Availability

&e data are available on request.

Conflicts of Interest

&e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

&e authors of this study want to acknowledge the efforts of
Feiz Hospital operative room and laboratory officials.

References

[1] S. A. Mortazavi, F. Fazel, P. Radmanesh, A. Peyman, and
M. Pourazizi, “Wavefront-guided photorefractive keratec-
tomy with and without iris registration: comparison of as-
tigmatic correction,” Lasers in Medical Science, vol. 36, no. 1,
pp. 75–81, 2021.

Table 1: Microorganisms isolated from the ocular surface before and after PRK.

Microorganisms
Samples, n (percentage)

P value
Preoperation Postoperation

CoNS 14 (40.0) 15 (42.9) 0.81
SA 1 (2.9) 1 (2.9) 1.00
Strep 2 (5.7) 3 (8.6) 0.64
Coryn 0 (0.0) 1 (2.9) —
CoNS: coagulase-negative Staphylococcus; SA: Staphylococcus aureus; Strep: Streptococcus; Coryn: Corynebacterium spp.

Journal of Ophthalmology 3



[2] S. Das, P. Garg, R. Mullick, and S. Annavajjhala, “Keratitis
following laser refractive surgery: clinical spectrum, preven-
tion and management,” Indian Journal of Ophthalmology,
vol. 68, no. 12, pp. 2813–2818, 2020.

[3] L. Spadea and F. Giovannetti, “Main complications of pho-
torefractive keratectomy and their management,” Clinical
Ophthalmology, vol. 13, pp. 2305–2315, 2019.

[4] M. Ghoreishi, A. Peyman, N. Koosha, K. Golabchi, and
M. Pourazizi, “Topography-guided transepithelial photo-
refractive keratectomy to correct irregular refractive errors
after radial keratotomy,” Journal of Cataract & Refractive
Surgery, vol. 44, no. 3, pp. 274–279, 2018.

[5] P. R. Sthapit and N. R. Tuladhar, “Conjunctival flora of
normal human eye,” JSMOphthalmology, vol. 2, no. 2, p. 1021,
2014.

[6] L. Scorolli, A. Meduri, M. Morara et al., “Effect of cysteine in
transgenic mice on healing of corneal epithelium after exci-
mer laser photoablation,” Ophthalmologica, vol. 222, no. 6,
pp. 380–385, 2008.

[7] A. Meduri, P. Aragona, P. L. Grenga, and A. M. Roszkowska,
“Effect of basic fibroblast growth factor on corneal epithelial
healing after photorefractive keratectomy,” Journal of Re-
fractive Surgery, vol. 28, no. 3, pp. 220–223, 2012.

[8] S. Z. Scalinci, L. Scorolli, A. Meduri, P. L. Grenga,
G. Corradetti, and C. Metrangolo, “Effect of basic fibroblast
growth factor and cytochrome c peroxidase combination in
transgenic mice corneal epithelial healing process after
excimer laser photoablation,” Clinical Ophthalmology, vol. 5,
pp. 215–221, 2011.

[9] J. A. Capriotti, J. S. Pelletier, M. Shah, D. M. Caivano, and
D. C. Ritterband, “Normal ocular flora in healthy eyes from a
rural population in sierra leone,” International Ophthalmol-
ogy, vol. 29, no. 2, pp. 81–84, 2009.

[10] T. E. Arantes, R. F. Cavalcanti, F. Diniz Mde, M. S. Severo,
J. Lins Neto, and C. M. Castro, “Conjunctival bacterial flora
and antibiotic resistance pattern in patients undergoing
cataract surgery,” Arquivos Brasileiros de Oftalmologia,
vol. 69, no. 1, pp. 33–36, 2006.

[11] T. R. Singer, S. J. Isenberg, and L. Apt, “Conjunctival an-
aerobic and aerobic bacterial flora in paediatric versus adult
subjects,” British Journal of Ophthalmology, vol. 72, no. 6,
pp. 448–451, 1988.

[12] H. Tao, J. Wang, L. Li, H. Z. Zhang, M. P. Chen, and L. Li,
“Incidence and antimicrobial sensitivity profiles of normal
conjunctiva bacterial flora in the central area of China: a
hospital-based study,” Frontiers in Physiology, vol. 8, p. 363,
2017.

[13] R. Ke, M. Zhang, Q. Zhou et al., “Bacteriological profiles and
drug susceptibility of Streptococcus isolated from conjunc-
tival sac of healthy children,” BMC Pediatrics, vol. 20, no. 1,
p. 306, 2020.

[14] E. Yuksel, N. G. Yalcin, G. Kilic et al., “Microbiologic ex-
amination of bandage contact lenses used after corneal col-
lagen cross-linking treatment,” Ocular Immunology and
Inflammation, vol. 24, no. 2, pp. 217–222, 2016.

[15] C. E. Pereira, R. Y. Hida, C. B. Silva, M. R. de Andrade,
G. A. Fioravanti-Lui, and A. Lui-Netto, “Post-photorefractive
keratectomy contact lens microbiological findings of indi-
viduals who work in a hospital environment,” Eye and Contact
Lens: Science and Clinical Practice, vol. 41, no. 3, pp. 167–170,
2015.

[16] P. A. &omas and J. Kaliamurthy, “Mycotic keratitis: epide-
miology, diagnosis and management,” Clinical Microbiology
and Infections, vol. 19, no. 3, pp. 210–220, 2013.

[17] R. C. Gentile, S. Shukla, M. Shah et al., “Microbiological
spectrum and antibiotic sensitivity in endophthalmitis: a 25-
year review,” Ophthalmology, vol. 121, no. 8, pp. 1634–1642,
2014.

[18] M. R. Ansari, H. Madani, and E. Ghaderi, “Conjunctival
bacterial flora and antibiotic resistance pattern in patients
undergoing cataract surgery,” Pakistan Journal of Medical
Sciences, vol. 24, no. 4, pp. 581–585, 2008.

[19] P. E. Dantas, M. C. Nishiwaki-Dantas, V. H. Ojeda,
N. Holzchuh, and L. J. Mimica, “Microbiological study of
disposable soft contact lenses after photorefractive keratec-
tomy,” CLAO Journal, vol. 26, no. 1, pp. 26–29, 2000.

[20] X. Liu, P. Wang, A. A. Kao, Y. Jiang, Y. Li, and Q. Long,
“Bacterial contaminants of bandage contact lenses used after
laser subepithelial or photorefractive keratectomy,” Eye and
Contact Lens: Science and Clinical Practice, vol. 38, no. 4,
pp. 227–230, 2012.

[21] J. W. Jung, J. Y. Kim, H. S. Chin, Y. J. Suh, T. I. Kim, and
K. Y. Seo, “Assessment of meibomian glands and tear film in
post-refractive surgery patients,” Clinical and Experimental
Ophthalmology, vol. 45, no. 9, pp. 857–866, 2017.

[22] P. Barry, W. Behrens-Baumann, U. Pleyer, and D. Seal,
“ESCRS Guidelines on prevention, investigation and man-
agement of post-operative endophthalmitis,”Versiones, vol. 2,
p. 14, 2007.

4 Journal of Ophthalmology


