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Bacterial strains colonizing the sensor electrodes of a continuous
glucose monitoring system in children with diabetes
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Abstract

Introduction The higher frequency of infections in diabetic patients is caused by a hyperglycemic environment, which
promotes immune dysfunction. People with diabetes are more prone to skin infections.

A continuous glucose monitoring (CGM) system provides information on changes in blood glucose (BG) levels throughout
the day. Its use facilitates optimal therapeutic decisions for a diabetic patient. One of the factors limiting the use of CGM
is inflammation at the insertion site.

Aim of the study The aim of the study was the microbiological identification of the bacterial strains which are found on
CGM sensor electrodes.

Material and methods We performed microbiological tests on patients’ CGM Enlite Medtronic electrodes, which were
removed after 6 days of usage according to the manufacturer’s instructions. 31 sensors were examined from 31 children (14
girls) aged from 0.5 to 14.6 years. The microbiological analysis was routinely performed at the Department of Children’s
Diabetology Medical University of Silesia in Katowice, Poland.

Results 12 (39%) of the electrodes were colonized. In 11 (92%) cases the electrodes were colonized by one bacteria strain. 7
times methicillin-sensitive coagulase negative staphylococcus (MSCNS) was detected. We also found one case of Klebsiella
pneumoniae, Ochrobactrum tritici, Bacillus sonorensis and methicillin-resistant coagulase-negative Staphylococci (MRCNS)
colonization. One electrode was colonized by the mixed flora Enterococcus faecalis, methicillin-susceptible coagulase-neg-
ative Staphylococci (MSCNS), Pseudomonas stutzeri, methicillin-susceptible Staphylococcus aureus (MSSA). The median
HbAlc in the group with colonization of electrodes was 6, 85% (6, 3-7, 6%) versus 6, 3% (5, 87, 5%) in the group without
colonization. The median BMI in the group with colonization of the electrodes was 17.10 kg/m* (16.28-18.62 kg/m?) versus
15.98 kg/m? (15.14—17.96 kg/m?) in the group without colonization. Statistically, significantly more frequently electrodes
are colonized in older children (median age in the group with colonization of electrodes 11.43 years (6.52-12.27 years),
without colonization 8.42 years. (3.098-9.375 years); (p =0.033).

Conclusions It seems that older children are more likely to have their sensor electrode colonized by bacterial strains.

Keywords Diabetes type 1 - Skin complications - Skin infections - CGM - Continuous glucose monitoring system - Sensor
colonization

Introduction

Diabetes is a group of metabolic diseases. They are char-
acterized by chronic hyperglycaemia as the effect of insuf-
ficient insulin secretion, its disturbed action or both.
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of Silesia, Katowice, Poland . .. .
Chronic complications of diabetes affect many organs. They

Laboratory Diagnostics Centre, Upper Silesian Child Health can be divided into vascular and extravascular complications.

Centre, Katowice, Poland

@ Springer


http://orcid.org/0000-0002-4422-7704
http://crossmark.crossref.org/dialog/?doi=10.1007/s00592-020-01601-w&domain=pdf

192

Acta Diabetologica (2021) 58:191-195

Vascular complications include microvascular (retinopathy,
neuropathy and nephropathy) and macrovascular (coronary
disease, peripheral vascular disease and cerebrovascular dis-
ease). It is worth noting that the treatment of diabetes compli-
cations costs more than managing the disease itself [2].

Furthermore, extravascular complications include problems
such as: weak stomach, sexual dysfunction and skin lesions.
About 30% of all diabetic patients will develop skin changes
throughout their lives [3].

The high incidence of dermatological disorders among
diabetic patients described in the literature confirms the clini-
cal significance and the high impact of this complication. The
most commonly reported disorder is infection [4]. Skin infec-
tions in diabetic patients are often caused by Staphylococcus
aureus [3].

Diabetes is associated with an increased risk of infectious
diseases and their complications, and on average double the
mortality risk compared to non-diabetic patients. In the course
of diabetes, dysfunction of the immune system occurs. This
dysfunction includes the reduction of phagocytic activity of
neutrophils and macrophages, impairment of NK cell activity
and dysfunction of dendritic cells [5].

Continuous glucose monitoring (CGM) provides informa-
tion on changes in blood glucose throughout the day and facili-
tates optimal therapeutic decisions for patients with diabetes.
Information on trends helps to identify and prevent unwanted
periods of hypo- and hyperglycaemia. The use of CGM per-
mits the improvement of blood glucose control [5, 6].

CGM is also an educational tool that reveals the effect
of insulin dosing, exercise, food intake and other everyday
events such as work, illness and stress on glycemic control
[7]. However, it is known, that the accuracy of CGM is insuf-
ficient for making treatment decisions, which is the limita-
tion of this type of technology [8].

The CGM consists of three main components: glucose-
sensing electrodes measuring the glucose concentration con-
tinuously in the interstitial fluid, transmitter that transfer the
data to a receiver- display device, that shows blood glucose
levels [9].

The principle of the glucose measurements is based on
the oxidation of glucose. The glucose oxidase is placed on
the electrode surface and catalyzes the chemical reaction
of glucose with oxygen to produce an electrical signal. The
glucose from interstitial fluid is continuously converted into
an electrical signal, which is proportional to the glucose con-
centration.[10].

Aim of the study

The aim of the study was to identify the bacterial strains that
colonize the sensor electrodes of a CGM system in children
with diabetes.
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Material and methods

We performed the microbiological tests of the CGM Enlite
Medtronic electrodes in randomly selected patients of the
Department of Children’s Diabetology Medical Univer-
sity of Silesia after their expiration period. Sensors were
put on for 6 days according to the manufacturer’s instruc-
tions. Before applying the CGM sensors, both patients and
their parents received training. The sensors were placed on
unchanged skin, and no inflammation was observed at the
site of the electrode after sensor removal.

Qualified nurses collected material for microbiological
tests. The semi-quantitative Maki breeding technique was
used to assess microbial contamination of the sensors. The
cultures were prepared according to the methods commonly
used in microbiology. Bruker MALDI Biotyper was used to
identify the strains. Glycemic hemoglobin was measured by
HPLC (according to the standards of DDCT).

31 sensors from 31 children (14 girls and 17 boys) with
type 1 diabetes, without vascular complications, were exam-
ined during the year. The mean age in the study group was
7.93 years (0.5-14.6 years). The median HbAlc in the study
group was 7.2% (4.9-13.8%). The mean duration of diabetes
was 2.58 years (0.4-9.0 years).

Statistical analysis

The statistical analysis of the results of the tests obtained
was done with STATISTICA 13.1 computer program (Stat-
soft, Tulsa, OK, USA). Verification of the normality of the
distribution was carried out with the use of the W Shap-
iro—Wilk test. When comparing differences in the range of
evaluated parameters between the studied groups, in the case
of normal distribution of numerical data the student’s t-test
was used. For the non-normal distribution we used the non-
parametric Mann—Whitney test.

The chi” test with the Yates correction was used to evalu-
ate the statistical differences in the frequency of infections
depending on the sex. The value of p < 0.05 was considered
to be the statistical significance threshold.

Results

In 12 patients (39%), colonization of CGM electrodes was
observed. The characteristics of the patients in whom we
managed to grow bacteria are presented in Table 1.

The methicillin susceptible coagulase negative staphy-
lococci (MSCNS) colonized 75% of all colonized sensors.
Single sensors were colonized by the bacterium of Klebsiella
pneumoniae, Ochrobactrum tritici, Bacillus sonorensis
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and methicillin-resistant coagulase-negative staphylococci
(MRCNS) colonization. It is interesting, that Ochrobac-
trum tritici usually isolated from environmental sources,
extremely rare to infect humans colonized electrode in a
9.5-years-old boy training cycling [11].

One electrode was colonized by the mixed flora Ente-
rococcus faecalis, MSCNS, Pseudomonas stutzeri, MSSA.
There were no significant differences between girls and boys
in sensor colonization (p =0.524). Patients with sensor colo-
nization did not differ from patients without colonization
with HbAlc (6, 85% (6, 3-7, 6%) versus 6, 3% (5, 8-7,
5%): p=0.31). The groups of patients (colonized vs non-
colonized) did not differ in insulin intake per day per kg
body weight (0.667 j/kg (0.328-0.749 j/kg) versus 0.766 j/kg
(0.469-0.911 j/kg); p=0.162). Bacterial colonization of sen-
sors was significantly more frequent in older patients (11.43
years (6.52—12.27 years) versus 8.42 years (3.098-9.375
years); p=0.033). Likelihood of having higher BMI was
observed in patients with colonization of sensors but it was
not statistically significant 17.10 kg/m? (16.28-18.62 kg/m?)
versus 15.98 kg/m? (15.14-17.96 kg/m?); p=0.109). Sensor
colonization was not observed more frequently in patients
with longer lasting diabetes (0.88 years (0.027-5.375years)
versus 1.611 years (0.945-5.204 years); p=0.341).

The higher frequency of infections in diabetic patients is
caused by a hyperglycemic environment, which promotes
immune dysfunction. People with diabetes are more prone
to infection of the skin and soft tissues, such as folliculitis,
furuncles and subcutaneous abscesses [12]. These infections
may occur during illness or may be the first symptom of it.
Farshchian et al. assessed the occurrence of dermatological

disorders in patients with diabetes who attended the Der-
matology and Diabetes Clinic of the Medical University in
Hamedan. Patients were additionally evaluated for glyce-
mic control and other diabetes-related complications. Skin
symptoms were present in 110 of 155 (71%) patients with
diabetes. The most common skin lesions in both patients
with type 1 and type 2 diabetes were infection related (72%).
There were no statistically significant differences in skin
symptoms between the two types of diabetes [13]. Simon-
sen et al. evaluated the occurrence of bacterial infections
and their association with chronic hyperglycaemia and dia-
betic nephropathy in patients with type 1 diabetes. The study
was based on Finnish nationwide registers from 19962009,
they included patients with type 1 diabetes (n=4748) and
without diabetes (n=12,954). The authors showed a sig-
nificantly higher incidence of bacterial infections in patients
with type 1 diabetes compared to age-matched sex and non-
diabetic patients, which correlated with the severity of dia-
betic nephropathy [14]. Pam et al. evaluated the bacterial
flora of the skin in 50 people with diabetes and 44 without.
The authors observed that Staphylococcus epidermidis was
the predominant strain isolated from the skin of diabetic
patients (27 cases). Staphylococcus aureus was the second
most common in both groups. In the control group, the
predominant isolated bacterium was Escherichia coli (12
cases). The researchers concluded that there is a change in
the bacterial flora of the skin in patients with diabetes melli-
tus from Escherichia coli, which is most common in the con-
trol group against Staphylococcus epidermidis, which is the
most prevalent among patients with diabetes. The authors
stated that it may explain the increased incidence of bacterial

Table 1 The characteristics of the patients with colonization of CGM electrodes

Patient Sex Age (years) HbAlc(%) BMI (kg/mz) BMI Z-score  Duration Daily dose of  Electrode flora
of diabetes insulin (units)
(years)
1 F 3,6 6,8 16,5 0,842 6,6 23,05 MSCNS
2 M 11,2 6,5 19,3 0,776 0,8 18,9 MSCNS
3 F 13,7 6,9 18,9 -0,162 6,0 63,4 MSCNS
4 M 14,7 12,6 16,0 —1,798 1,8 68,45 MSCNS
5 F 10,5 7 14,5 —1,386 4.4 20,2 Enterococcus faecalis,
MSCNS, Pseudomonas
stutzeri, MSSA
6 F 11,8 11,8 18,3 0,225 7,0 35,45 Klebsiella pneumoniae
7 M 9,5 6,6 16,0 -0,146 1,1 13,425 Ochrobactrum tritici
8 M 11,8 6,9 17,0 -0,375 0,4 17,7 MSCNS
9 M 12,7 8,2 16,8 =774 1,3 32,9 MSCNS
10 M 11,6 5,7 19,1 0,527 1,4 23,2 Bacillus sonorensis
11 M 2 10,8 17,8 1,648 0,01 7,2 MRCNS
12 F 3 6,1 17,3 1,266 1.9 12,2 MSCNS

F Female, M Male, MSCNS Methicillin-susceptible coagulase negative staphylococci, MRCNS Methicillin-resistant coagulase negative staphylo-

cocci, MSSA Methicillin-sensitive staphylococcus aureus
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skin infection in diabetics [15]. Up to now, there have not
been many studies assessing bacterial strains colonizing the
sensor electrodes of CGM. In our study, the methicillin-sen-
sitive coagulase negative staphylococci (MSCNS) colonized
75% of all colonized sensors.

Jarosz-Chobot et al. investigated the colonization of the
catheter in the case of continuous subcutaneous insulin infu-
sion (CSII) in children of the 43 catheters examined, in 7
cases coagulase-negative staphylococci were isolated and in
2 cases mixed flora (both S. epidermidis and S. aureus) [16].
The authors observed a relationship between colonization of
the catheter and elevated HbA 1c. Nowakowska et al. exam-
ined 141 catheters from 94 children. 34 catheters (24.1%)
from 30 children (31.9%) were colonized. In 29 cases cath-
eter tips were colonized by one bacterial species, in 5 cases
there was a mixed bacterial flora. Coagulase-negative staph-
ylococci (30), Staphylococcus aureus (7), Corynebacterium
Jjeikeium (1) and Kocuria sp. (2) were isolated. Researchers
have shown poorer metabolic control in people with coloni-
zation of the catheter (p =0.0355) [17].

In our study, we revealed CGM sensor colonization
among older children. The skin flora changes significantly
with age, which can naturally affect the habitat for various
bacterial species. Puberty and changes in skin physiology
are probably important causes of changes in the composition
and diversity of the microbial community [18].

Our results do not confirm the relation with higher
HbAIc concentrations. The most possible cause is due to
the small study group, which is a limitation of our study.
The outcomes of our preliminary study suggest that the
further expanded microbiological tests on patients’ CGM
Enlite Medtronic electrodes should be conducted in a repre-
sentative group of children with diabetes type 1. The further
studies should be performed to assess the effect of coloniza-
tion on the sensor wear duration, calibration problems and
whether chronic complications of diabetes affect the colo-
nization of the electrode.

Conclusions

1. Around 40% of sensors of CGM in diabetic patients are
colonized by bacteria.

2. Older children can be more prone to sensor
colonization.

Compliance with ethical standards

Conflict of interest All authors have no conflict of interest to report.

Ethical approval This study was approved by The Institutional Ethical
Committee of The Medical University of Silesia, Katowice, Poland.

@ Springer

Informed consent Informed consent has been obtained from patients.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Kharroubi AT, Darwish HM (2015) Diabetes mellitus: the epi-
demic of the century. World J Diabetes 6:850-867. https://doi.
org/10.4239/wjd.v6.16.850

2. Tripathi BK, Srivastava AK (2006) Diabetes mellitus: complica-
tions and therapeutics. Med Sci Monit 12:130-147

3. Oumeish OY (2008) Skin disorders in patients with diabetes.
Clin Dermatol 26:235-242. https://doi.org/10.1016/j.clindermat
01.2007.10.015

4. De Macedo GMC, Nunes S, Barreto T (2016) Skin disorders in
diabetes mellitus: an epidemiology and physiopathology review.
Diabetol Metab Syndr 8:63. https://doi.org/10.1186/s1309
8-016-0176-y

5. Ovalle F (2009) Continuous glucose monitoring and Intensive
treatment of type 1 diabetes. Yearb Endocrinol 2009:34-35. https
://doi.org/10.1016/s0084-3741(09)79371-0

6. Klonoff DC (2005) Continuous glucose monitoring: roadmap for
21st century diabetes therapy. Diabetes Care 28:1231-1239. https
://doi.org/10.2337/diacare.28.5.1231

7. Evans K, Richardson C, Landry A et al (2015) Experience with
the Enlite sensor in a multicenter pediatric study. Diabetes Educ
41(1):31-37. https://doi.org/10.1177/0145721714560589

8. Funtanilla VD, Candidate P, Caliendo T, Hilas O (2019) Con-
tinuous glucose monitoring: a review of available systems. P T
44(9):550-553

9. Freckmann G (2020) Basics and use of continuous glucose moni-
toring (CGM) in diabetes therapy. J Lab Med 44(2):71-79

10. Characteristic Enlite glucose Sensor. Medtronic, Enlite Glucose
Sensor User Guide. MP6025676-2AF1 / A. 31 May 2014, 1-5

11. Duck JH, Keon-Han K, Jung Ok et al (2016) First case report
of human infection with ochrobactrum tritici causing bactere-
mia and cholecystitis. Ann Lab Med 36(3):278-280. https://doi.
org/10.3343/alm.2016.36.3.278

12. Casqueiro J, Casqueiro J, Alves C (2012) Infections in patients
with diabetes mellitus: a review of pathogenesis. Indian J Endo-
crinol Metab 16:27-36. https://doi.org/10.4103/2230-8210.94253

13. Farshchian M, Farshchian M, Fereydoonnejad M et al (2010)
Cutaneous manifestations of diabetes mellitus: a case series. Cutis
86:31-35

14. Simonsen JR, Harjutsalo V, Jarvinen A et al (2015) Bacterial
infections in patients with type 1 diabetes: a 14-years follow-
up study. BMJ Open Diabetes Res Care 3:e000067. https://doi.
org/10.1136/bmjdrc-2014-000067

15. Pam S, Mawak J, Chuhwak E (2005) Bacterial skin flora of dia-
betic patients in the Jos university teaching hospital, Jos. J Med
Trop 7:9-13. https://doi.org/10.4314/jmt.v7i1.35177


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4239/wjd.v6.i6.850
https://doi.org/10.4239/wjd.v6.i6.850
https://doi.org/10.1016/j.clindermatol.2007.10.015
https://doi.org/10.1016/j.clindermatol.2007.10.015
https://doi.org/10.1186/s13098-016-0176-y
https://doi.org/10.1186/s13098-016-0176-y
https://doi.org/10.1016/s0084-3741(09)79371-0
https://doi.org/10.1016/s0084-3741(09)79371-0
https://doi.org/10.2337/diacare.28.5.1231
https://doi.org/10.2337/diacare.28.5.1231
https://doi.org/10.1177/0145721714560589
https://doi.org/10.3343/alm.2016.36.3.278
https://doi.org/10.3343/alm.2016.36.3.278
https://doi.org/10.4103/2230-8210.94253
https://doi.org/10.1136/bmjdrc-2014-000067
https://doi.org/10.1136/bmjdrc-2014-000067
https://doi.org/10.4314/jmt.v7i1.35177

Acta Diabetologica (2021) 58:191-195

195

16.

17.

18.

Jarosz-Chobot P, Nowakowska M, Polanska J (2007) Seeking the
factors predisposing to local skin inflammatory state development
in children with type 1 diabetes (T1DM) treated with continuous
subcutaneous insulin infusion (CSII). Exp Clin Endocrinol Dia-
betes 115:179-181. https://doi.org/10.1055/s-2007-970593
Nowakowska M, Jarosz-Chobot P, Polariska J et al (2007) Bacte-
rial strains colonizing subcutaneous catheters of personal insulin
pumps. Polish J Microbiol 56:239-243

Lehtimiki J, Karkman A, Laatikainen T et al (2017) Patterns in
the skin microbiota differ in children and teenagers between rural

and urban environments. Sci Rep 7:1-11. https://doi.org/10.1038/
srep45651

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1055/s-2007-970593
https://doi.org/10.1038/srep45651
https://doi.org/10.1038/srep45651

	Bacterial strains colonizing the sensor electrodes of a continuous glucose monitoring system in children with diabetes
	Abstract
	Introduction 
	Aim of the study 
	Material and methods 
	Results 
	Conclusions 

	Introduction
	Aim of the study
	Material and methods
	Statistical analysis

	Results
	Conclusions
	References




