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Abstract
Background:

Glucose measurement is the cornerstone of diabetes control. In the hospital setting, the same device and
package of test strips (50 or 100 strips) can be used to monitor glucose in several patients, which can increase
cross contamination. The objective of our study is to measure bacterial contamination in glucose test strips,
comparing results in individual single-use packets (one hospital) versus multi-use vials (two hospitals) in Spain.

Methods:

Test strips were collected from five different wards. Each hospital also collected two unopened vials from a single
ward as controls. They were sent to a reference laboratory for microbiologic study. A number equal or higher
than two colony forming units per strip was considered as a positive result.

Results:

Out of 423 glucose test strips collected and cultured, 146 were contaminated (34%); only 7% of individually packed
strips were contaminated versus 45% of strips packed in multi-use vials, with a high statistical significance
(p < .001).

Conclusions:

In the strips from multi-use vials, a high contamination rate was found and highly pathogenic organisms were
identified, such as methicillin-resistant Staphylococcus epidermidis or Staphylococcus hemolyticus. In contrast, in strips
packed individually, there was a much lower contamination rate and no such pathogen organisms were found.
Therefore, in the hospital setting, the use of blood glucose test strips in individual packages would be more
advantageous (mainly from a clinical point of view, but also from a financial one) than those packed in multiuse vials.
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Introduction

O

nce diabetes is diagnosed, glucose measurement is the cornerstone for its control.1 Glucose monitoring is used
for checking the efficacy of the treatment, adjusting the dose of the drug, preventing acute and chronic complications,
as well as diet intervention or exercise advice.
Glucose levels are measured preferably using portable glucose meters, becoming the standard for the follow up of
diabetes patients.2,3 These devices are used at hospitals, health care centers, as well as by patients, which provides
them with an essential tool for self-control of their diabetes.
Unlike the home setting, where each patient has his/her individual device, at hospitals and health care centers, the
same device and the same package of test strips (50 or 100 strips) can be used to monitor glucose in several patients,
which can increase cross contamination due to handling each time a strip is taken from the package.
Nosocomial infections pose a major problem in hospitals, recording prevalence rates in hospitalized patients of 7.11%
in Spain, according to the Estudio de Prevalencia de Infecciones Nosocomiales en España (EPINE study),4 and 8.7%
worldwide.5 The cost of these infections takes up a significant amount of the health budget: £1.06 billion in the
United Kingdom6 and $6.7 billion in the United States7 according to data for the year 2000. In Spain, according to the
study of the Ministry of Health and Consumer Affairs, the direct annual costs for nosocomial infections have been
estimated at €1 billion.8
Nosocomial infection is one of the most significant adverse events in health institutions. It is estimated that 2 million
patients suffer a nosocomial infection every year in the United States.9,10 In Spain, nosocomial infections are the second
most common adverse event in hospitals, after effects related to drug administration, with a prevalence of 6.68%.4
According to the World Health Organization,11 there are several factors that stand out and can affect the appearance of
nosocomial infections: the microbiological agent, patient susceptibility, environmental factors, and bacterial resistance.
Nosocomial infection is a preventable problem in a high percentage of the cases. In this regard, the EPINE study4
shows that 56% of nosocomial infections occurring at Spanish hospitals can be prevented. The main factor contributing
to the increased cost related to nosocomial infections is the prolongation of the patient’s hospital stay.11 The costs also
increase due to the greater use of drugs, isolation, and higher use of laboratory and other diagnostic tests.5,11
Therefore, the devices and reagents used for measuring glucose at the patient’s bedside could be a vehicle for transmission of these diseases, particularly in patients that can have some degree of immunodepression, such as diabetes
patients, neonates, burn patients, or intensive care unit patients.
In the hospital setting, the role played by glucose meters in the transmission of viral diseases, such as hepatitis B12 and
hepatitis C,13 due to blood contamination (e.g., splashing, scratching) in the measuring device has been investigated, as
the same device is used for measurements in several patients, and bacterial contamination has been poorly studied.14,15
Furthermore, international guidelines have been published that attempt to minimize the risk of hospital infection
associated with the use of glucose meters.9,16
The role of glucose measurement test strips as infection transmission agents has not been evaluated in depth to date.
These strips can play a major role as they are usually packed in vials of 50 or 100 strips, and once opened, they are
exposed to the potential contaminants.
The objective of our study is to measure bacterial contamination in glucose test strips from two different manufacturers,
one packed in vials of 50 strips and one packed individually, in several facilities of three Spanish teaching hospitals
with over 900 beds.
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Material and Methods
This prospective observational study was performed in three hospitals: hospital 1 (900 beds), hospital 2 (1300 beds),
and hospital 3 (1400 beds). They used two different types of glucose test strips: hospital 1 (individually packaged strips),
hospital 2 (50-strip vial), and hospital 3 (50-strip vial).
During one day, each hospital collected two opened vials from five different wards in specific containers for microbiologic culture. The vials had to contain less than half of the original amount of strips. Each hospital also collected
two unopened vials from a single ward as controls.
The vials and strips were handled exclusively by nurses. Before opening a vial, their hands and the vial were cleaned
and disinfected with alcohol.
The data about each vial were as follows:
Vial data:
•

Collection date

•

Hospital ward

•

For single or multipatient use

•

Opened or unopened

•

Number of remaining amount of glucose test strips

•

Date of vial opening

Ward data:
•

Total number of beds/number of beds available at the time of sampling/number of occupied beds at the time of
sampling

•

Number of nurses working at the time of sampling

•

Number of opened vials at the time of sampling

•

If vials were used for single or multiple patients

•

If hands and vial disinfection procedures were followed by staff

•

Vial storage place

Hospital data:
•

If there was a protocol for handling glucose test strips

•

If there was a protocol related to vials for single/multipatient use.

All vials collected were stored at room temperature. The next day, they were sent to a reference laboratory for
microbiologic study, independent from the hospitals participating in the study (Laboratorio Echevarne, Barcelona,
Spain; www.echevarne.com).
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Each strip was placed in 10 ml of peptone water and 1% Tween-80 and vortexed. Five mililiters of the suspension was
filtered with a sterilized 0.45 µm pore-size membrane. After washing with 100 ml of peptone water twice, the membrane
was placed in a tryptic soy agar plate and incubated aerobically at 30–35 °C. The remaining 5 ml of the suspension
was also filtered. This membrane was placed in Schaedler agar and incubated at 30–35 °C anaerobically. Viable bacteria
were counted after 3 days of culture. This procedure was validated with a bioburden recovery efficiency study.
Microorganisms recovered were identified by standard microbiologic methods. If staphylococci were identified, a genotyping assay was performed by DNA (deoxyribonucleic acid) and polymerase chain reaction extraction followed
by screening with DNA strip technology of Staphylococcus aureus and Staphylococcus epidermidis strains, as well as
methicillin-resistant genes [methicillin-resistant S. aureus (MRSA) and methicillin-resistant S. epidermidis (MRSE)] and
virulence factors (Panton–Valentine leukocidin).
The contamination level of strips was evaluated for each hospital, type of glucose test strip, and hospital ward. A number
equal or higher than two colony forming units (CFUs) per strip was considered as a positive result.
The statistical analysis of the results was performed with the software SPSS v13.0.

Results
During the study period, a total of 423 glucose test strips were collected and cultured: 119 from hospital 1; 90 from
hospital 2; and 214 from hospital 3. Overall, a total of 146 contaminated strips were detected, which means a rate of
34%. Breaking down this result by hospital, the number of contaminated strips was 8 (7%), 51 (57%), and 87 (41%),
respectively (Figure 1).
The results detailing the contaminated strips related to
each hospital are shown in Table 1.
At hospital 1, only 8 contaminated strips were detected from
a total of 119 analyzed. In these positive cases, the low
CFU levels (2–6 CFU/strip) are also to be noted. No MRSE
was found on the strips from hospital 1.
Hospital 2 evaluated the strips from four wards and one
control batch. All strips were in vials containing 50 strips.
Fifty-seven percent of the strips evaluated show contamination, mainly contamination by S. epidermidis (43%),
50% of which was MRSE. The highest percentages of
contamination were seen in neonate and recovery wards,
where there is a high flow of staff due to shifts.

Figure 1. Percentage of contamination of glucose test strips in different
hospitals.

At hospital 3, the strips from five wards of patients and one control batch were evaluated. Eighty-seven contaminated
strips were detected from a total of 214 (41%), observing a higher contamination in the sampling and burn patient
wards. As in hospital 2, the most common pathogen of all identified was S. epidermidis, 60% of which was MRSE.
The presence of S. aureus and Clostridium difficile was ruled out in the contaminated strips of the three hospitals.
In hospitals 2 and 3, except for one case where a vial of strips was aimed only at use by a single patient in the burn
unit, the vials containing strips were shared by several patients.
No differences were found in the contamination of test strips based on the handling of the strips by the nursing staff,
existence of a protocol for the management of a glucose meter, need for hand washing, or storage of test strips.
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Table 1.
Bacterial Contamination of Glucose Test Strip

1

2

3

0

Recovery room

19

0

Thoracic
surgery

20

0

Cardiology

20

4

3

1

Short stay unit

20

2

1

1

Control

20

2

2

TOTAL

119

8

Intensive care
unit

20

7

2

2

3

4

Surgery
recovery room

20

15

5

3

7

2

1

2

3

1

4

4

1

3

1

2

1

Neonate

22

14

6

Blood sampling

11

5

2

Control

17

10

4

TOTAL

90

51

Blood sampling

28

20

Burn unit

40

18

Surgery
recovery room
1

40

Surgery
recovery room
2

S. cohni

20

S. warneri

Intensive care
unit

S. capitis

Number of
test strips

S. lentus

Ward

S. caprae

Staphylococcus sp

Number of
test strips
with both
aerobic and
anaerobic
bacteria

S. hemolyticus

Number of
test strips
with
anaerobic
bacteria

Number of
contaminated
test strips

MRSE

Hospital

Number of
test strips
with aerobic
bacteria

S. epidermidis

Identified microorganism

1

3

2

6

1

3

14

6

1

5

3

10

13

7

3

3

50

21

4

9

8

2

Intensive care
unit

37

13

1

9

3

1

Control

19

2

2

TOTAL

214

87

2

1
1

2

1

1

1

1
1

Discussion and Conclusions
The use of portable systems for measuring blood glucose in hospitalized patients, as well as the number of daily controls
performed, has increased markedly. In many health institutions, there is no control of the clinical measurements
performed out of the laboratory whether it is for acquiring resources or for performing tests or quality assurance of
the results obtained.
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The transmission of infectious diseases using portable glucose meters has been implicated since 1997, such as
transmission of hepatitis C17,18 and hepatitis B,19 constituting a health problem, particularly when glucose meters are
shared by different patients.13,20
In the past 2 years, some studies have been published on bacterial contamination in test strips to measure glucose in
the hospital setting, such as those performed by Vanhaeren and coauthors21 on 148 strips packaged in multi-use vials
obtained from several hospital wards (digestive and geriatric), with a contamination rate of 25.7%.
Our study evaluated the potential bacterial contamination of the test strips used to measure glucose and compare it
according to their type of packaging (individual or multi-use vial).
This study was performed on 423 strips, obtained from different hospitalization wards from three teaching hospitals
with over 900 beds each, which grants more statistical robustness to the outcomes obtained.
The strip-contamination rate found in our study was 34%, analyzing all data overall. These outcomes are greater than
those found by Vanhaeren and coauthors,21 who found 25.7% contamination (enteric and skin flora), but comparable to
those obtained by Ng and coauthors.22 The first study was performed in a single hospital, with a single type of strip,
while the second was performed jointly at five hospitals using three types of test strip.
The novelty of this study is that the strips evaluated
were supplied in different types of packaging (individual
and multi-use vials), and their significance in the
contamination rates is seen. A new data analysis and
breakdown by type of test strip package (individual or
multi-use vial) reveals the surprising finding of only 7%
contaminated strips when packed individually versus 45%
in those packed in multi-use vials, with a high statistical
significance (p < .001; Figure 2).
These data would confirm the recommendations given by
several authors and agencies15,16 to prevent transmission
of viral infections in diabetes patients monitored with test
strips and highlight that each patient should be assigned
a single measuring device and, failing that, each patient
have their vial of test strips assigned.20,23 Klonoff and
Perz24 recommended avoiding the transport of devices
and medication in pockets, which is critical, considering
that 60% of health staff uniforms can be contaminated
by pathogens.25 In this regard, the use of test strips packed
individually would significantly reduce the possibility
of infection.

Figure 2. Percentage of contamination of glucose test strips according
to packaging.

Another issue to be highlighted is the type of microorganisms detected in the contaminated glucose test strips
(Table 1). In the strips from multi-use vials, some pathogenic organisms were identified: MRSE26 found on strips from
surgical rooms and burn units and S. hemolyticus27,28 from a neonate unit and Staphylococcus warneri,29,30 Staphylococcus
caprae,31Staphylococcus capitis,32 and Staphylococcus cohnii.33 These findings are consistent with those of Ng and coauthors22
and Carbon.34 Even though the common nosocomial pathogens such as MRSA and vancomycin-resistant Enterococcus
were not detected, our results do confirm that bacterial contamination of test strips from open vials is common and
suggest that these vials can serve as fomites for patient-to-patient transmission of potentially pathogenic bacteria and
organisms important to infection control practices.
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The number of CFUs of some of the strips in contaminated multi-use package must also be noted; one case reached
1136 CFU. On the contrary, in strips packed individually, besides finding a much lower contamination rate, with very
low CFUs, no such pathogen organisms were identified as in the strips packed in multi-use vials (Table 1). To reduce
the risk of bacterial transmission in the clinical environment, the acceptable levels of microbial flora on high-touch
surfaces have been defined as <2.5 CFU/cm2 35 or <5 CFU/cm2 36 by various agencies. The total surface area of a blood
glucose test strip is approximately 2.7–6.8 cm2, depending on the brand. Many of the clinically relevant bacteria can
survive for days to months on dry inanimate surfaces.37 Since a test strip vial is typically accessed multiple times a day,
it is logical to predict that transmission of live bacteria can occur.
In this regard, it must be noted that, in the validation of the method applied to measure bioburden on glucose test strips
performed by the reference laboratory to perform this study, there was no contaminated strip packed individually,
so the appearance of any CFU in these strips could be due to their handling when the sample is obtained (loss of
package tightness when the blister is broken).
One of the factors influencing the appearance of nosocomial diseases is the use of contaminated material.11 In this
regard, the use of contaminated test strips may be responsible for the occurrence of these diseases, with the increased
health costs involved. Therefore, it appears obvious that the use of test strips packed individually can reduce the risk
of contracting a nosocomial disease.
Another issue to be considered for the control of nosocomial diseases is the financial aspect. Besides the increased
pharmaceutical costs and the prolonged hospital stay due to deterioration in condition, expenditure on glucose meter
test strips must be considered. Once their potential infectious effect has been demonstrated, some author guides
recommend giving each patient a vial of strips (50–100 strips) for their exclusive use and destroying any unused ones.16
However, we do not think that this practice removes all risks of infection, as it could be transmitted by the nursing
staff by cross contamination when performing the test.21 Therefore, it is evident that the use of individually packaged
test strips could reduce the costs, as only the necessary strips are used and none would have to be disposed of.
When choosing a system of strips for glucose monitoring in the hospital setting where several operators use the same
device, the same device is used for several patients, and the results of the glucose meter are reported in addition to
those of the central laboratory, it seems to be obvious that a number of issues must be considered:38
•

Transferability of the result of the glucose meter with the central laboratory

•

Traceability of the measure (operator, control, strip)

•

Patient identification

•

Automatic transmission of the result to the patient’s history

•

Compliance with quality specifications

•

External control system

•

Reduced risk of transmission of infectious diseases.

Therefore, this decision must not fall solely on the departments of endocrinology, nursing, or supplies, but on
professionals in other departments, such as laboratory, preventive medicine, infection diseases, and microbiology.
This study confirms the possibility of bacterial contamination in the test strips used for glucose measuring at the
patient’s bedside at the hospitals studied, particularly when these are contained in vials of multiple strips and the
same vial is used for different patients, isolating mainly skin colonization pathogens, such as S. epidermidis (with
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a high percentage of methicillin-resistant pathogens), potentially pathogenic given the characteristics of the patients
treated in the wards where they were isolated. This possibility of contamination is less likely when the diagnostic
strips are supplied in individual, single-use packets. Most blood glucose monitoring systems are designed primarily
for home use by a single patient. When used on multiple patients in the hospital setting, they may pose a higher risk
in the transmission of pathogens. It is recommended that health care workers recognize this risk and manufacturers
improve the product design to reduce the risk.
Considering that clothing, uniforms, and supplies related to the diagnosis could be contaminated, to ensure the patient’s
safety and prevent the transmission of infections, there must be strict aseptic conditions in the diagnostic devices
used in the point of care testing setting following the recommendations of international guidelines (e.g., Centers for
Disease Control and Prevention and World Health Organization), particularly in the case of patients who may be
immunodepressed (such as diabetes patients)39 and there is direct contact with the patient’s blood. In this regard,
it would be advisable, from our point of view, to implement local instructions/guidelines for the handling of these
devices that prevent bacterial contamination of blood glucose test strips in the hospital setting.
In conclusion, as our study has demonstrated the existence of a high bacterial contamination rate of test strips in
multi-use packages, the use of blood glucose test strips in individual packages would be more advantageous (mainly
from a clinical point of view, but also from a financial one) than those packed in multi-use vials.
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