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Abstract
Objective Understanding microbiota colonizing ocular surfaces is key to expedite antibiotic prophylactic options for 
ocular surgeries, and therefore, prevent subsequent surgical site infections (SSIs). To fill this critical gap, we aimed at 
determining the prevalence and antibiotic susceptibility patterns of bacteria colonizing the external ocular surfaces of 
224 patients undergoing ocular surgeries at Bugando Medical Centre (BMC) in Mwanza, Tanzania between May and 
August 2023.

Results The study participants had a median age of 62.5 (interquartile range: 39.5–75.0) years. A total of 78.1% 
(175/224) ocular swabs were culture positive yielding 196 bacterial isolates. Staphylococcus epidermidis [43.4% 
(n = 85)], Staphylococcus aureus [21.9% (n = 43)] and Pseudomonas aeruginosa [14.3% (n = 28)] were the most common 
bacteria. There were low proportions of resistance among predominant Gram-positive and Gram-negative bacteria 
to gentamicin (≤ 25.0%), and similarly, low resistance among Gram negative bacteria was observed against 3rd 
generation cephalosporins (≤ 25.0%) and piperacillin-tazobactam (0.0%). Variable resistance profiles were notable to 
the most commonly used antibiotics (ciprofloxacin and tetracycline: 0.0–66.7%). Our findings underscore an urgent 
need to revisit antibiotic prophylactic guidelines for ocular surgeries in this tertiary hospital, and calls for prospective 
evaluation of incident SSIs post-ocular surgeries to guide specific management.
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Introduction
Surgical site infections (SSI) are defined as infections 
occurring within 30 days after a surgical procedure 
affecting the superficial or deep tissue at the operation 
site [1]. A study conducted in the United States of Amer-
ica assessing the role of topical antibiotics prophylaxis in 
oculofacial plastic surgery reported ocular surgical site 
infections (OSSI) to be more common in the placebo 
group 2.7% than the antibiotic group 0.0% [2]. Likewise, 
a study conducted in Brazil reported higher rates of post-
operative endophthalmitis in the control group (0.097%) 
than the group receiving antibiotic prophylaxis (0.018%) 
[3].

The OSSI predispose patients to increased risk of pro-
longed post operative hospital stay, lifelong disability, 
and increased cost of patients management [1, 4]. Infec-
tious postoperative endophthalmitis (IPOE) is the most 
dreaded complication for ocular surgical procedures [5]. 
The severity and clinical outcome of OSSI (including 
IPOE) depends on the pathogens’ virulence and inocu-
lum, patient’s immunological status, time of diagnosis 
and treatment, and other external/environmental factors 
[6, 7].

In most cases of SSI, the causative pathogens are the 
normal microbiota inhabiting the respective anatomi-
cal surgical sites [8], and knowing the types and patterns 
of these bacteria is pertinent in expediting prophylactic 
antibiotics, and therefore, decrease the risk of acquiring 
SSI [9]. In this regard, the most targeted bacterial species 
for provision of antibiotic prophylaxis are Gram positive 
bacteria such as Staphylococcus aureus, Staphylococcus 
epidermidis and other Coagulase-negative Staphylococci 
(CoNS). Various Streptococci and Enterococci species 
are also of significant importance [7, 10, 11]. The contin-
uous shift of ocular microbial flora due to factors such as 
age, occupation, place of residence, co-existing morbidi-
ties, and previous history of antibiotic use and hospital 
admission (to mention a few), may challenge the existing 
pre-operative prophylactic guidelines and accelerate the 
emergence of antimicrobial resistance (AMR) [12, 13].

Therefore; this study was designed to evaluate eti-
ologies and antibiotic susceptibility patterns of bacteria 
residing on the external ocular surface of pre-operative 
surgical patients so as to come up with an up-to-date 
information that can be used to formulate prophylactic 
guidelines based on local evidence.

Methods
Study design, duration and setting
This was a hospital based cross sectional analytical study 
conducted from May 2023 to August 2023 in the Oph-
thalmology Department at Bugando Medical center 
(BMC). The BMC is a 1000-bed capacity zonal tertiary 
consultant and teaching hospital serving as a referral 

center for over 20  million people in the north-western 
part of Tanzanian [14, 15]. The Ophthalmology Depart-
ment has a bed capacity of 50, it attends approximately 
400 patients monthly in the outpatient clinics, and per-
forms approximately 80 ocular surgeries per month.

Study population, selection criteria and sampling
This study included all patients presenting at the Oph-
thalmology Department at BMC for ocular surgeries, 
and excluded all patients who presented with signs and 
symptoms of active ocular infections. Using a Kish-Leslie 
formula for cross-sectional studies, and a proportion of 
conjunctival bacterial colonization of 26.6% from a pre-
vious study in Taiwan among patients undergoing cata-
ract surgery, a minimum sample size of 300 patients were 
anticipated to be enrolled [16, 17]. However, during the 
study period a total of 240 patients were enrolled. A total 
of 16 patients were excluded either due to missing data or 
had an active eye infection, bringing the number of study 
participants to 224 patients.

Data collection and laboratory procedures
A pretested-structured questionnaire was developed and 
then, fed into the Epi-collect- 5 software® (Centre for 
Genomic Pathogen Surveillance, UK) and subsequently 
used to collect socio-demographic and clinical informa-
tion from patients. Each patient was informed about the 
study procedures, risks, benefits and rights to partici-
pate or withdrawal from the study, and then, those who 
voluntarily agreed to participate were enrolled and their 
respective data and samples collected. Ocular swabs 
were aseptically collected by the principal investigator 
(or a trained research assistant) from each patient in the 
morning on the day of the surgical procedure before the 
application of topical anesthetic, mydriatics, antibiotic or 
povidone-iodine. The patient was asked to look up, and 
then the eyelid margin was swabbed with a sterile cotton 
swab moistened with sterile saline, employing a contin-
uous stroke from the nasal to temporal side and then a 
second stroke from temporal to nasal side without touch-
ing the eyelashes, and then, placed in the swab’s transport 
media (Bio lab, HUNGARY®). Samples were transported 
to the Clinical Microbiology Laboratory of the Catholic 
University of Health and Allied Sciences in the cool box. 
In the laboratory, the swabs from patients were inocu-
lated into Brain-heart infusion (BHI) broth (OXOID, 
Hampshire, United Kingdom) for enrichment and then 
processed in the laboratory after 18–24  h incubation at 
35-37oC.

Culture, bacterial identification and drug susceptibility 
testing
A portion of homogenized BHI was obtained using a 
sterile wire loop and inoculated onto blood agar (BA) and 
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MacConkey agar (MCA) (OXOID, Hampshire, United 
Kingdom) incubated for 18–24  h at 35–37°c. Identifi-
cation of the organisms was done based on the growth 
characteristics on BA, MCA, secondary gram stain, and 
biochemical characteristics [18].

A single colony of bacteria from a fresh pure cul-
ture plate was emulsified into sterile normal saline to 
achieve a concentration equivalent to 0.5 McFarland 
turbidity solution, a sterile cotton swab was then used to 
obtain bacteria from the suspension, the swab was then 
squeezed against the wall of the tube to remove excess 
fluid before being seeded uniformly onto Muller-Hinton 
agar (OXOID, Hampshire, United Kingdom) plate. Anti-
biotics of the right potency was placed on the agar to test 
for antibiotic susceptibility patterns using Kirby Bauer’s 
disc diffusion method as guided by the Clinical Labora-
tory Standard Institute (CLSI) 30th edition M100 docu-
ment, 2020 [19].

Antibiotics discs for Gram-positive bacteria included: 
ampicillin(10  µg), cefoxitin(30  µg), trimethoprim-sul-
famethoxazole (1.25/23.75  µg), ciprofloxacin (5  µg), 
erythromycin (15  µg), clindamycin (2  µg), vancomycin 
(30 µg), linezolid (30 µg), gentamicin (10 µg), clindamycin 
(2 µg), tetracycline (30 µg), whereas the antibiotics discs 
for Gram-negative bacteria were: ceftriaxone (30  µg), 
ceftazidime(30  µg), cefepime (30  µg), ciprofloxacin 
(5  µg), piperacillin-tazobactam (100/10µg), amoxicillin/
clavulanate (20/10µg), trimethoprim-sulfamethoxazole 
(1.25/23.75 µg), meropenem (10 µg), gentamicin (10 µg) 
and tetracycline (30 µg).

All S. aureus and S. epidermidis with a zone of inhibi-
tion on cefoxitin (30 µg) disc of ≤ 21 mm were regarded 
as methicillin resistant S. aureus (MRSA) and methicillin 
resistant coagulase negative Staphylococcus (MRCoNS), 

respectively. Inducible clindamycin resistance was tested 
by observing the blunting of the zone of inhibition 
around the clindamycin disc placed adjacent to the eryth-
romycin disc. For gram negative bacteria; extended spec-
trum beta lactamase (ESBL) phenotype was confirmed 
using combined disc method using cefotaxime 30  µg 
disk and cefotaxime 30 µg combined with clavulanic acid 
10 µg disk [20].

Quality control
Aseptic techniques were strictly observed during sample 
collection, transportation and processing. Control strains 
of Staphylococcus aureus (ATCC 25,923) and Escherichia 
coli ( ATCC 25,922) were used for quality control of the 
performance of the culture media and the antibiotic discs 
for Gram-positive and Gram-negative bacteria, respec-
tively [20].

Statistical analysis and ethical consideration
Excel data sheet was extracted from Epi-collect- 5 soft-
ware® and then, laboratory data were also added into 
the Microsoft Excel. Data was transferred to STATA 
version15 (College Station, Texas, USA) for analysis. 
Continuous data was summarized using medium and 
inter-quartile range (IQR). Categorical data was summa-
rized using proportion (percent). Pearson chi squared test 
(or 1-sided Fisher’s exact where applicable) and a two-
sample test of proportions was used to assess the distri-
bution of categorical variables against ocular colonization 
culture positivity. A p-value cut-off of less than 0.05 was 
considered statistically significant. This study obtained an 
ethical clearance from the joint CUHAS/BMC Research 
Ethics Review Committee (CREC 2900/2023). Permis-
sion to conduct the study was obtained from the BMC 
Hospital Director General, whereas voluntary informed 
consent from participants was obtained before proceed-
ing to data and sample collection. Confidentiality of the 
patients was observed throughout the study. Final results 
from this study were communicated to the Department 
of Ophthalmology to guide future revision of antimicro-
bial prophylaxis guidelines.

Results
Socio-demographic information of the study participants
This study enrolled a total of 224 patients, majority of the 
study participants were male 54.5% (n = 122). The median 
age of the study participants was 62.5 [IQR 39.5–75.0] 
years with the majority of the study participants being 
self-employed 50.0% (n = 122) and had attended primary 
education level 47.3% (n = 106), Table 1.

Majority of the study participants underwent cataract 
removal 57.6% (n = 129). Comorbidities were observed in 
34.8% (n = 78) of study participants, and high blood pres-
sure predominated, 19.2% (n = 43) as shown in Table 2.

Table 1 Social-demographic characteristics of study participants
Variables Category Frequency (%)
Gender Male 122(54.5)

Female 102 (45.5)
Marital status Divorced 9 (4.0)

Married 120 ( 53.6)
Not married 47 (21.0)
Widow 48 (21.4)

Education level Primary 106 (47.3)
Secondary 43 (19.2)
Tertiary 24 (10.7)
Never attended school 51 (22.8)

Occupation Employed 17 (7.6)
Self employed 112 (50.0)
Retired 65 (29.0)
Student 30 (13.4)

Ward Female ward 97 (43.3)
Male ward 107 (47.8)
Pediatric ward 20 (8.9)
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Prevalence of bacteria colonizing external ocular surfaces
Out of 224 non repetitive ocular swabs collected, 175 
(78.1%) were culture positive for bacteria coloniz-
ing external ocular surfaces. A total of 21 (9.4%) of 
the study participants had positive culture for more 
than one bacterial species, resulting into a total of 196 
bacteria isolates. Culture positivity was significantly 
higher among patients with comorbidities compared to 
those who without comorbidities (85.9% versus 74.0%, 
p = 0.040) Table 3.

Distribution of bacterial isolates colonizing external ocular 
surfaces and their antimicrobial susceptibility patterns
A total of 196 bacteria were isolated from non-repeti-
tive ocular swabs in this study, S. epidermidis, S. aureus, 
and P. aeruginosa were the commonest isolates: 43.4% 
(n = 85), 21.9% (n = 43) and 14.3% (n = 28), respectively. 
Low level resistance among S. epidermidis and S. aureus 
were observed against clindamycin (28.2% and 27.9%, 
respectively) and gentamicin (14.1% and 16.3%, respec-
tively). For the predominant Gram-negative bacteria, P. 
aeruginosa and Klebsiella spp., showed low level resis-
tance was observed against ceftazidime at 21.4% and 
12.5%, respectively. All Gram-negative bacteria were sen-
sitive to meropenem except one Klebsiella pneumoniae 
isolate. Variable resistance profiles were notable to the 
most commonly used antibiotics like ciprofloxacin and 
tetracycline, ranging from 0.0 to 66.7% (Table 4).

This study observed high proportion of MRCoNS and 
MRSA at 52.9% and 46.5%, respectively although the 

difference was not statistically significant (p = 0.494). 
There was low ESBL production among Gram negative 
Enterobacterales (15.4%, 4/26), Table 3.

Table 2 Clinical characteristics of study participants
Variables Category Frequency (%)
Type of ocular procedure Cataract removal 129 (57.6)

Glaucoma 2 (0.9)
Intraocular surgeries 93 (41.5)

Antibiotic consumption No 221 (98.7)
Yes 3 (1.3)

Type of antibiotic used Ceftriaxone 1 (0.5)
Ampicillin-cloxacillin 2 (0.8)
N/A 221 (98.7)

Mode of antibiotic acquisition Self-prescription 2 (0.8)
Doctor’s prescription 1 (0.5)
N/A 221 (98.7)

Duration of antibiotic use 2(days) 2 (0.8)
3(days) 1 (0.5)
N/A 221 (98.7)

Comorbidities No 146 (65.2)
Yes 78 (34.8)

Type of comorbidities High blood pressure 43 (19.2)
Diabetes mellitus 10 (4.5)
Peptic ulcers 9 (4.0)
Others** 16 (7.1)
None 146 (65.2)

** Unspecified ear problem (3), Cardiomegaly (3), Joint pain (3), Unspecified febrile illness 
(2) Prostate cancer (1), Leg pain (1), Kidney problem (1), Hernia (1), and Tuberculosis (1)

Table 3 Study variables vs. culture positivity among study participants
Variables Category Culture results Pearson chi2 test p-value

Positive,
n (%)

Negative,
n (%)

Gender Male 100(82.0) 22 (18.0) 2.314 0.128
Female 75 (73.5) 27 (26.5)

Age category (years) ≤ 50 48 (72.7) 18 (27.3) 1.5952 0.207
> 50 127 (80.4) 31 (19.6)

Education level Primary 80 (75.5) 26 (24.5) 2.595 0.458
Secondary 35 (81.4) 8 (18.6)
Tertiary 17 (70.8) 7 (29.2)
Never attended school 43 (84.3) 8 (15.7)

Occupation Employed 9 (52.9) 8 (47.1) 7.397 0.060
Self employed 89 (79.5) 23 (20.5)
Retired 54 (83.1) 11 (16.9)
Student 23 (76.7) 7 (23.3)

Ocular procedure Cataract removal 32 (24.2) 97 (75.8) - 0.173*
Glaucoma 1 (50.0) 1 (50.0)
Intraocular surgeries 77 (82.8) 16 (17.2)

Comorbidities No 108 (74.0) 38 (26.0) 4.230 0.040
Yes 67(85.9) 11 (14.1)

*p-value based on one-sided Fisher’s exact
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Distribution of major AMR phenotype by age, gender and 
pre-operative diagnosis
The prevalence Methicillin-resistant Staphylococci ocu-
lar colonization among study participants was 29.5% 
(66/224), whereas the prevalence of cephalosporin resis-
tant Gram-negative bacterial ocular colonization was 
5.4% (12/224). There was no statistical difference in dis-
tribution of Methicillin-resistant Staphylococci ocular 
colonization among participants less than 50 years of age 
compared to those older than 50 years (24.2%, 16/66 ver-
sus 31.7%, 50/158, respectively, p-value = 0.268). Similarly, 
the distribution of Methicillin-resistant Staphylococci 
ocular colonization between male and female were 32.0% 
(39/122) and 26.5% (27/102), respectively; p-value = 0.369. 
On the other hand, the distribution of cephalosporin 
resistant Gram-negative bacterial ocular colonization 
among participants less than 50 years of age and in those 
older than 50 years were 4.6% (3/66) and 5.7% (9/158), 
respectively, 1-sided Fisher’s exact p-value = 0.507). The 
distribution of cephalosporin resistant Gram-negative 
bacterial ocular colonization between male and female 
were 6.6% (8/122) and 3.9% (4/102), respectively; 1-sided 
Fisher’s exact p-value = 0.286.

Of note, Methicillin-resistant Staphylococci ocular 
colonization was significantly more among participants 
undergoing cataract removal surgeries compared to 
those undergoing intraocular surgeries (26.4%, 34/129 
versus 14.0%, 13/93, respectively, p-value = 0.026). There 
were low proportions of cephalosporin resistant Gram-
negative bacterial ocular colonization in patients under-
going cataract removal and intraocular surgeries (3.1%, 
4/129 and 8.6%, 8/93, respectively; p-value = 0.074), but 
the difference was not statistically significant.

Discussion
This study enrolled a total of 224 patients who were 
attending the Ophthalmology Department at BMC with 
the majority of participants being male, similar to other 
studies [21, 22]. This study observed high proportion 
for ocular surface colonization by bacteria (78.1%), than 
59.5% and 32.5% reported from a study conducted at a 
tertiary hospital in Uganda in 2013 and another study 
conducted in Mexico in 2021, respectively [23, 24], how-
ever; our study findings are lower than 85% reported 
from USA in 2015 [25]. These high proportions reported 
in both studies are indicative of the high proportion 
colonization in the external ocular surfaces of patients 
undergoing ocular surgeries due to the fact that the eye 
lid margins mark the border between the external and 
internal ocular surface, therefore, being in close proxim-
ity with the skin which harbors high loads of skin micro-
biota [26, 27].

This study reported predominance of Gram-positive 
skin microbiota (S. epidermidis and S. aureus) colonizing Ta
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external ocular surfaces, which is not surprising and is in 
agreement with studies from Uganda and the USA [23, 
24]. It is well known that these skin microbiota are pref-
erentially important in preventing pathogenic bacteria 
from causing OSSIs, however, during ocular surgeries, 
they can be introduced into internal ocular structures 
and potentially cause OSSIs if appropriate antibiotic pro-
phylaxis are not administered [28, 29]. Furthermore; we 
observed the unusual isolation of Gram negative patho-
genic bacteria like P. aeruginosa and Klebsiella spp. from 
the external ocular surfaces, similar to findings from a 
study in Mexico [24]. These findings may be attributed 
to contamination from various inanimate/environmen-
tal surfaces and patients anatomical sites like the peri-
anal areas [30, 31]. Therefore, this calls for strengthening 
of hygienic and sanitation practices among patients, and 
blocking this transmission cycle [32]. The findings are 
further reiterated by similar occurrence of these patho-
gens in other hospital environmental premises at BMC 
which are linked to neonatal sepsis and neonatal deaths, 
and therefore, a need to strengthen hospital-wide infec-
tion prevention and control measures through envi-
ronmental cleaning and decontamination [33, 34]. Ou 
findings highlight a need to conduct prospective study in 
patients undergoing ocular surgeries to evaluate potential 
involvement of these pathogens in the OSSIs, and expe-
dite specific antimicrobial therapies.

High proportion of resistance of S. epidermidis and S. 
aureus was observed towards commonly used antibiot-
ics like trimethoprim/sulfamethoxazole, erythromycin 
and tetracycline, unlike less commonly used agents like 
gentamicin. Similarly, Klebsiella spp. displayed high pro-
portion of resistance towards amoxicillin/clavulanic acid, 
compared to less commonly used agents like gentamicin, 
3rd generation cephalosporin and piperacilllin-tazobac-
tam. These findings provided a wake-up calls as antibi-
otics like erythromycin and tetracycline are commonly 
used at BMC Ophthalmology Department as prophy-
laxis for ocular surgical patients, and in other lower- 
and middle-income countries (LMIC’s) settings [35, 36]. 
Therefore, the findings are pertinent to guide revisiting of 
antibiotic prophylactic guidelines for ocular surgeries at 
BMC in Mwanza, Tanzania.

This study observed high proportions of MRCoNS and 
MRSA in S. epidemidis and S. aureus isolates, respec-
tively among pre-operative patients posing a risk for 
subsequent OSSIs attributed to these notorious and dif-
ficult to manage strains. The risky was significantly more 
among participants undergoing cataract removal sur-
geries than to those undergoing intraocular surgeries, 
rendering cloxacillin/flucloxacillin therapies ineffective 
in the former group of patients. This may further lead 
to prolonged hospitalization, lifelong disability and an 
increased cost for patient care [37]. The findings highlight 

an emerging antimicrobial selective pressure not only to 
pathogens but also to normal microbiota, and hence, a 
need to escalate our responsive measures towards AMR 
surveillance and antimicrobial stewardship programs at 
BMC [38]. On the other hand, there was low resistance 
to the 3rd generation cephalosporins marked by ESBL 
production in Gram negative Enterobacterales, empha-
sizing a need to foster rational use of these agents and 
maintain their efficacy for prophylaxis and therapeutic 
roles. We observed that having comorbidity was a risk 
factor for ocular colonization. This is likely to be asso-
ciated with recurrent exposure to hospital environment 
(outpatient visits and hospital admissions) and antibiotic 
exposure, which altogether are known to be driving fac-
tors for AMR. Therefore, priority screening for patients 
with comorbidities is emphasized to as to guide specific 
choice of antibiotic prophylactic agents.

Conclusions
Approximately eight out of every ten patients undergoing 
ocular surgical procedures at BMC are colonized by nor-
mal microbiota and pathogenic bacteria in their external 
ocular surfaces. These bacteria display high proportions 
of resistance towards erythromycin, tetracycline, and cip-
rofloxacin which are commonly used as prophylaxis for 
ocular surgeries in this setting. Gentamicin, 3rd genera-
tion cephalosporins and piperacillin-tazobactam showed 
low resistance (≤ 25.0%), and are potential antimicrobial 
prophylactic options in this hospital upon revisiting hospi-
tal guidelines. Prospective studies at BMC should focus on 
evaluating relationship between ocular colonization and 
incident OSSIs, as well as transmission dynamics of these 
pathogens between patients and hospital environmental 
premises using genomic approaches are reiterated.

Limitations
This study employed conventional culture techniques 
which might have missed the isolation of difficult to cul-
ture bacteria pathogens, and therefore, may have under 
reported the actual burden for bacterial ocular coloniza-
tion. This study did not asses the relationship between 
ocular colonization and incident OSSIs, which may be a 
pivotal area of interest for future studies at BMC.
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