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INTRODUCTION
The human microbiota is one of the areas responsible for the in -

teraction of organism and environment(1-3). Enabling factors, such 
as diabetes mellitus, may affect the growth of human conjunctival 
microbiota, increasing the risk of eye infection(4). 

Diabetes mellitus is a group of metabolic diseases resulting from 
defects in insulin action and secretion, leading to a hyperglycemic 

ABSTRACT
Purpose: To study the aerobic bacterial microbiota of the conjunctiva in diabetic 
patients with regard to the management of diabetes, assessed using glycated 
hemoglobin levels.
Methods: A cross-sectional study was conducted using conjunctival smears of 
diabetic patients from both sexes and with different ages, residing in two different 
Brazilian cities (Sorocaba and Rio Branco). A control group of non-diabetic patients 
was also included. The diabetic patients were considered to have controlled dia-
betes when their glycated hemoglobin level was ≤7% and blood glucose level 
was ≤126 mg/dL. Patients with non-controlled diabetes were those with glycated 
hemoglobin levels >7% and blood glucose levels >126 mg/dL. The samples 
obtained were inoculated in Brain-Heart Infusion broth and in culture media for 
aerobic bacteria (blood and chocolate agars); bacterial growth was evaluated in 
a microbiology laboratory. 
Results: A total of 120 eyes of 120 patients were included in the present study. 
The percentage of cultures in which bacterial growth was observed was greater 
in diabetic patients, although the difference was not statistically significant 
(p=0.103). There was a greater trend toward bacterial growth in the conjunctiva 
of diabetic patients with altered fasting blood glucose. There was no difference in 
the frequency of bacterial growth on the conjunctiva between diabetic patients 
with normal or altered glycated hemoglobin levels. In Sorocaba, conjunctival 
bacterial growth was similar to that observed in Rio Branco. The microorganism 
most frequently detected in the present study was Staphylococcus epidermidis, 
followed by Staphylococcus aureus, Proteus mirabilis, and Escherichia coli. 
Conclusions: There was no difference between diabetic patients with normal or 
altered glycated hemoglobin levels. The microorganisms found were similar to 
those found in studies investigating the conjunctival bacterial flora of diabetic 
and non-diabetic patients.
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RESUMO
Objetivo: Estudar a microbiota conjuntival bacteriana aeróbica dos pacientes dia-
béticos em relação ao controle glicêmico, verificado através da hemoglobina glicada, 
em duas cidades distintas. 
Métodos: Foi realizado um estudo transversal utilizando raspados de conjuntiva 
de indivíduos diabéticos de ambos os sexos e idades variáveis de duas cidades: So-
rocaba e Rio Branco. O grupo controle foi constituído de pacientes não diabéticos. A 
amostra foi constituída de pacientes diabéticos que foram considerados controlados 
com hemoglobina glicada ≤7% e glicemia de jejum ≤126 mg/dl e não controlados 
com hemoglobina glicada >7% e glicemia de jejum >126 mg/dl. O material obtido 
foi semeado em meio líquido Brain Heart Infusion (BHI) e em meios de cultivo para 
bactérias aeróbicas (ágar sangue e ágar chocolate). O crescimento bacteriano foi 
avaliado em laboratório de microbiologia. 
Resultados: Foram incluídos 120 olhos de 120 pacientes. A porcentagem de culturas 
nas quais houve crescimento bacteriano foi maior em pacientes diabéticos, sendo a 
diferença não estatisticamente significante (p=0,103). Não houve diferença entre o 
crescimento bacteriano em pacientes com hemoglobina glicada normal e alterada. 
Houve uma tendência maior de crescimento bacteriano em conjuntivas de pacientes 
diabéticos com glicemias de jejum elevada. Em Sorocaba houve crescimento bacteriano 
conjuntival semelhante a Rio Branco. O microrganismo mais frequente encontrado 
neste estudo foi Staphylococcus epidermidis, seguido de Staphylococcus aureus, 
Proteus mirabilis e Escherichia coli. 
Conclusões: Não ocorreu diferença entre pacientes diabéticos com hemoglobina 
gli cada normal e alterada. Os microrganismos encontrados foram semelhantes aos 
estudos da flora bacteriana de conjuntivas normais e de diabéticos. 
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state(5). Measurement of glycated hemoglobin is the gold-standard 
test in the assessment of glycemic control in patients with diabetes 
mellitus and is a useful test in the follow-up of diabetic patients, as 
well as in the assessment of the status of blood glucose over the 
previous 3 months(6,7). The correlation of glycated hemoglobin values 
with fasting blood sugar values is still not well defined(8,9). Values of 
fasting blood sugar have a better association with glycated hemoglo-
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bin values when they are higher, i.e., in situations of poor glycemic 
control(7,8).

Studies show that the bacterial flora of healthy individuals is for-
med by Staphylococcus epidermidis(4,10,11), S. aureus, Corynebacterium 
sp, and Propineobacterium acne(13). S. epidermidis, S. aureus, and Cory-
nebacterium sp have also been found in diabetic patients(4).

Variations in conjunctival microbiota may occur due to both 
intrinsic and extrinsic changes in the body, such as geographical di-
versity and different socioeconomic characteristics(4,10,12-14). Therefore, 
the conjunctival aerobic microbiota of diabetic patients was studied 
in two different Brazilian cities: Rio Branco, in the state of Acre, in north 
Brazil; and Sorocaba, in the state of São Paulo, in southeastern Brazil. 
Rio Branco has a largely equatorial climate, while Sorocaba has a 
subtropical climate. They are significantly different in terms of social 
and economic development, as Rio Branco has an agriculture-based 
economy, while Sorocaba is located in a burgeoning industrial sec-
tor(15,16). Based on such climate and socioeconomics differences, the 
bacterial flora of diabetic and non-diabetic patients was studied in 
these two regions.

Although the literature also demonstrates the presence of anae-
robic bacteria and fungi, the object of the current study was to eva-
luate the aerobic bacteria in this context(13,14).

The main aim of the current study was to study aerobic bacterial 
microbiota in the conjunctiva of diabetic patients in terms of the 
level of control of diabetes, assessed using glycated hemoglobin 
levels. It also aimed to analyze the influence of fasting blood sugar 
on conjunctival bacterial growth in diabetic patients and to study 
the influence of environmental variations on the aerobic bacterial 
microbiota in the conjunctiva of diabetic and non-diabetic patients.

METHODS
A cross-sectional study was performed using smears from the 

con  junctiva of diabetic patients of both sexes and of different ages, 
living in the urban areas of two cities, Sorocaba (São Paulo) and Rio 
Branco (Acre). The study was approved by the Ethics Committee at 
the Federal University of São Paulo (São Paulo, Brazil) and patients 
signed an Informed Consent form. 

The patients in the present study included individuals with diag -
nostic confirmation of type 2 diabetes as well as non-diabetic indivi-
duals based on clinical history and laboratory tests (previously per-
formed blood glucose test results included in their medical records). 
The groups were matched according to sex and age. Patients were 
selected from two different regions (the Acre Teaching Hospital in Rio 
Branco and the Ophthalmology Hospital of Sorocaba in São Paulo), 
and were chosen according to sex and age.

The exclusion criteria for both groups were as follows: the presen-
ce of eye disease not related to diabetes, such as anatomical or func-
tional lesions of the eyelids, lacrimal system, cornea or conjunctiva, 
hyperemia and/or conjunctival secretion; use of topical medication 
or contact lenses within the previous 30 days; or patients with other 
diseases that could alter the immune response. Patients underwent a 
review of clinical history and an eye examination via slit lamp biomi-
croscopy prior to the sample collection for the evaluation of inclusion 
and exclusion criteria.

A total of three main groups were created: controlled diabetic; 
non-controlled diabetic and control groups. The diabetic sample 
consisted of patients who were considered to have controlled dia-
betes, with glycated hemoglobin levels (hemoglobin A1c fraction) 
≤7% and blood glucose levels ≤126 mg/dL (DMc group; controlled 
diabetic patients); and patients with non-controlled diabetes, with 
glycated hemoglobin >7% and blood glucose >126 mg/dL (DMnc 
group; considered to be non-controlled diabetic patients), according 
to the American Diabetes Association(17), based on the results of the 
Diabetes Control and Complications Trial(17) and the United Kingdom 
Prospective Diabetes Study(18). Patients without diabetes mellitus 

for    med the control group (group C). The group of non-controlled 
diabetic patients was also evaluated according to the range of fas-
ting blood sugar values: 126 to 140 mg/dL; 141 to 160 mg/dL; and 
>160 mg/dL. Individuals with glycated hemoglobin levels >7% and 
fasting blood glucose levels < 126 mg/dL were not selected, nor were 
individuals with glycated hemoglobin levels <7% and fasting blood 
glucose levels >126 mg/dL. After collecting blood from the patients 
in order to evaluate glycated hemoglobin and fasting blood sugar, 
the collection of eye secretions was performed in all patients from 
each city, under similar environmental conditions, maintaining the 
same temperature and humidity and without the use of air conditio-
ning. Data collection was performed by the same researcher.

Swabs were used to collect the content from the bottom of the 
lower conjunctival sac of the right eye using a rotating and gliding 
motion on the surface of the lower eyelid conjunctiva and at the 
bottom of the lower conjunctival sac, without touching the eyelid 
margins and eyelashes, and without the use of anesthetic eye drops. 
Sterile gloves were used. The samples were inoculated in liquid Brain 
Heart Infusion medium and in culture media for aerobic bacteria 
(blood and chocolate agars).

The samples were stored at room temperature and immediately 
sent to the Microbiology Laboratory of the Santa Casa hospital in 
Sorocaba, and the Microbiology Laboratory at the Acre Teaching 
Hospital. Samples were labeled so that the technician had no access 
to the patients’ clinical information. The plates were incubated at 35°C 
for 48 h and, in the event of bacterial growth, identification was pro-
cessed in accordance with the criteria established by the Clinical and 
Laboratory Standards Institute in 2006)(19). Growth of aerobic bacteria 
was observed. Samples were considered to be negative when no 
growth was observed in the medium after a period of seven days. For 
the statistical analysis, SPSS® (Statistical Package for Social Sciences) 
version 15.0 (SPSS Inc, Chicago, IL, USA) was used and groups were 
compared using the χ2 test. The null hypothesis was accepted for all 
analyses at p≥0.05.

RESULTS
A total of 120 eyes from 120 patients were included in the study: 

60 patients (20 controlled diabetic patients, 20 non-controlled dia-
betic patients and 20 non-diabetic patients) in each city (Rio Branco 
and Sorocaba). The mean age in the three groups was 68 years (range 
50 to 82 years). 

With regard to gender, on evaluating the three study groups (120 
patients), the proportion of males and females was 54 (45%) and 66 
(55%), respectively. No statistically significant difference between the 
groups was found when they were compared according to gender 
(p=0.807).

As for the conjunctival culture, it was found that, in the group of 
diabetic patients, 50 of the 80 diabetic patients (65%) had a positive 
culture for aerobic bacteria, whereas this number was 24 (60%) in the 
40 non-diabetic patients, with no statistically significant difference 
(p=0.103). 

Table 1 shows bacterial growth in the three groups.
Figure 1 shows the age distribution according to the positive 

culture results.
With regard to fasting blood glucose levels, three ranges of values 

were evaluated: 126 to 140 mg/dL, 141 to 160 mg/dL and >160 mg/dL 
(Table 2).

The distribution of microorganisms found in positive cultures of 
diabetic and non-diabetic patients is presented in table 3.

DISCUSSION
In the present study, the percentage of cultures in which bacterial 

growth was observed was higher among diabetic patients (83.3%) 
compared with non-diabetic patients (80%), but this difference was 
not statistically significant (p=0.103). 
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In previous studies, bacterial growth was observed in at least one 
eye in 94.18% of the cultures obtained from diabetic patients and in 
73.33% of those obtained from non-diabetic patients(4). The presen-
ce of pathogenic microorganisms in the conjunctival microbiota of 
patients without any evident clinical infection, as observed in the 
present study, which is associated with the presence of immunolo-
gical alterations described in this group of individuals, could have 
the effect of increasing the risk of developing infection following 
intraocular procedures(20). 

When performing an assessment according to age group, a greater 
number of diabetic and non-diabetic patients were found between 
61 and 70 years of age and older than 70 years of age, regardless 
of glycemic control (patients with controlled and non-controlled 
diabetes) in the two regions studied, although the difference was not 
statistically significant. Eyelid changes, poor tear drainage, fragi lity of 
the corneal epithelium, decrease in corneal sensitivity and asso  ciated 
comorbidities are only a few of the ocular and systemic features des -
cribed(21). 

In a previous study, the bacterial flora of 579 patients was ana-
lyzed preoperatively before cataract surgery, along with the isolated 
bacteria and the percentage of bacterial resistance, and was compa-
red among age groups and according to the presence or absence of 
diabetes mellitus. In this study, bacterial isolation was lower in pa-
tients younger than 40 years of age compared with those older than 
60 years of age (61 to 70 years of age; 71 to 80 years of age; and older 
than 80 years of age), with advanced age being the only significant 
risk factor in the detection of bacterial growth(22).

Despite immunity, changes described in diabetic patients are 
related to hyperglycemia(19). In the present study, no differences 

were observed in the bacterial growth of the conjunctival flora when 
com paring patients with controlled and non-controlled glycated 
hemoglobin levels.

When the bacterial flora of the conjunctival sac of patients before 
cataract surgery was assessed, no significant difference was observed 
in the rate of bacterial detection among diabetic patients (a total of 
197 patients) with regard to glycated hemoglobin levels as well as 
glycosuria and diabetic retinopathy. The reason for this is unclear, but 
it is possible that these factors have little influence on conjunctival 
microbiota. As the microorganisms isolated from the eye, especially 
from the cornea and conjunctiva, come into direct contact with the 
environment and originate from the skin of the eyelid, they are in-
fluenced by the meibomian glands and endogenous flora; therefore, 
multiple sources may be responsible(22). 

Although glycated hemoglobin level did not have an influence 
on greater bacterial growth in the samples collected, it was noted 
that diabetic patients with higher fasting blood glucose levels were 
more likely to have bacterial growth in their cultures compared with 
diabetic patients with lower blood glucose levels and with non-dia-
betic patients. The difference was not statistically significant (p>0.05), 
likely due to the small sample size in the present study.

With the data obtained in the present study, it is possible to ap-
preciate the importance of fasting blood glucose levels to bacterial 
growth because the collection of blood occurred at the same time 
as the collection of eye secretion. The presence of glucose in the skin, 
urine, mucous and tears creates a favorable environment for the 
growth of microrganisms(12) and may also be responsible for the most 
significant bacterial growth observed in this study.

Any alteration in skin integrity could provide a gateway to infec-
tion because of the microbiota that typically colonizes the surface of 
the human body. The changes found in the microbiota may depend 
on social and personal factors, on the predominant geographical 
area, as well as on the resistance that may be present against the em-
pirically administered antibiotics(23). The profile of the ocular micro-
biota undergoes constant change, influenced by seasonal variations, 
temperature, age, environmental exposure factors, surgical trauma 
and host immunity(4,10,12-14).

The characteristics of the two cities studied are, respectively, an 
equatorial climate with hot and rainy weather in Rio Branco(15), and 
a subtropical and temperate climate in Sorocaba(16). Located in diffe-
rent regions of Brazil, Sorocaba has a population of 500,000 and large 
economic diversity(16), in contrast to the city of Rio Branco, which 
has a population of approximately 350,000 and a barely sustainable 
economy based on agricultural activities(15). Despite the fact that the 
literature shows the possible influence of climate and socioeconomic 
conditions on conjunctival microbiota (bacterial and fungal)(4,10,12-14), 
no significant differences were observed in the regions studied with 
regard to bacterial growth.

The most common microorganism found in this study was Sta-
phylococcus epidermidis, followed by Staphylococcus aureus, Proteus 
mirabilis and Escherichia coli; no significant differences were observed 

Table 1. Result from conjunctival cultures comparing patients with controlled diabetes, patients with non-controlled diabetes and non-diabetic 
patients from samples collected in Sorocaba (São Paulo) and Rio Branco (Acre), Brazil, 2010 and 2011

Controlled diabetes Non-controlled diabetes Non-diabetic Total

pn (%) n (%) n (%) n (%)

Sorocaba

Positive culture 15 (18.75%) 14 (17.5%) 10 (8.33%) 39 (32.5%) 0.910

Negative culture 05 (06.25%) 06 (07.5%) 10 (8.33%) 21 (17.5%) 0.910

Rio Branco

Positive culture 11 (13.75%) 10 (12.5%) 14 (11.66%) 35 (29.16%) 0.639

Negative culture 09 (11.25%) 10 (12.5%) 06 (05.00%) 25 (20.83%) 0.639

Figure 1. Distribution by age group according to results of a conjunctival culture in 
diabetic and non-diabetic patients evaluated in Sorocaba (São Paulo) and Rio Branco 
(Acre), Brazil, 2010 and 2011.
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between patients with controlled and non-controlled diabetes and 
patients without diabetes in the two regions examined (Sorocaba 
and Rio Branco).

A study performed on patients with diabetes mellitus showed 
that the species most commonly found in the microbiota of diabetic 
patients, in descending order, were: coagulase-negative Staphylo-
coccus (mainly Staphylococcus epidermidis), Corynebacterium sp and 
Staphylococcus aureus(4). In the present study, the species of bacteria 
isolated in the cultures of the conjunctiva of diabetic patients were 
no different from those identified in the conjunctiva of non-diabetic 
patients, as was also observed in the study by Martins et al.(4) In nor -
mal bacterial flora, the aerobic agents most commonly found are 
Staphylococcus epidermidis, Staphylococcus aureus, Corynebacterium 
spp and Propionibacterium acne(4,12). Most studies agree that Staphylo-
coccus epidermidis is the microorganism most commonly found in 
aerobic bacterial flora of normal conjunctivas(4,10,11,24).

Greater aerobic bacterial growth was also observed in the con-
junctivas of the older patients, regardless of gender or the presence 
or absence of diabetes. An increased aerobic bacterial growth was 
observed in patients with altered fasting blood glucose levels at the 
time of examination, and no difference was observed in aerobic bac-
terial growth in diabetic patients in relation to glycated hemoglobin 
levels at the time of collection. There was no difference between the 
two regions evaluated in any aspect of the study. The microorganisms 
found were similar to those found in studies on bacterial flora of 
nor mal conjunctivas and of diabetic patients, and Staphylococcus 
epidermidis was the main aerobic bacteria found.
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