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Comparison of the Biological Activity of HighLevel Disinfection and Sterilization in Medical
Devices and Biomedical Equipment
Abstract
The need to select suitable disinfectants for disinfection processes in biomedical
equipment and in hospital environment has been highlighted for several decades
in multiple scientific articles. Dozens of notes documenting infections in patients
have also been published after inadequate disinfection procedures which have
been applied to the elements used for their care and treatment. Hence, the aim of
the investigation was to compare the biological activity of high-level disinfection
and sterilization in medical devices and biomedical equipment with different
biochemical and molecular analytical techniques (spectrophotometry, in-house
PCR, luminometry, etc.). The swabs were taken from medical devices and biomedical
equipment treated by High-Level Disinfection (Glutaraldehyde 0.17%, pH=6,
without activator) and different methods of sterilization (Steam, Ethylene Oxide,
Plasma, Hydrogen Peroxide, etc.) in different institutions of reference in Colombia.
Samples were seeded in culture media specific for the growth of microorganisms of
the species Bacillus subtilis, Clostridium difficile and Mycobacterium tuberculosis.
The genetic identity of the microorganisms was determined, reporting 7
polymorphic variants of Mycobacterium tuberculosis, in addition, bioburden was
evidenced in biomedical devices and equipment that were previously submitted
to sterilization processes. Samples taken from devices and equipment treated
with Glutaraldehyde 0.17% (pH=6, without activator) did not report growth of the
microorganisms of interest. Comparisons between sterilization methods (Ethylene
Oxide, Formaldehyde, Vapor, etc.), evidences failures in the elimination of both
reproductive and vegetative forms of microorganisms of pathological interest,
specifically Acinetobacter baumannii, Staphylococcus warneri, Staphylococcus
epidermidis, Brevibacterium spp., Pseudomona luteola and Sphingomonas
paucimobilis.
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Introduction
Several international organizations, including the Association of
Operating Room Nurses [1,2] and the Centers for Disease Control
[3], have established guidelines and regulations for instrumental
processing based on classifications Spaulding (Critical, Semicritical
and Non-critical), based on the occurrence of nosocomial
diseases [4]. Critical devices must be subjected to Sterilization
(Physical) or High-Level Disinfection (HLD) (Chemical) processes,
for which different technologies have been developed in

sterilization processes (Steam, Ethylene Oxide, Plasma, Hydrogen
Peroxide, etc.) and High-Level Disinfection (HLD) (Formaldehyde,
Glutaraldehyde, Ortophthaldehyde, etc.).
HLD is generated by immersing the instruments in a Liquid
Chemical Germicide (GQL), for less time than required for
sterilization. For example, Glutaraldehyde 2% (Alkaline) achieves
HLD in less than 1 hour; however, it may not necessarily
inactivate many bacterial spores when used as a disinfectant.
Glutaraldehyde 2% is sporicidal during soak times as short as 10
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minutes; however, any disinfection or sterilization process may
fail if the instruments are not thoroughly cleaned at first [5-7].
The heat and gas of ethylene oxide (EtO) are the two most
commonly used sterilization agents for the reprocessing of
medical instruments. Pressurized steam is the best option
for sterilization because of its reliability, availability and costeffectiveness. However, flexible endoscopes contain components
that can be altered by heat, which prevents sterilization by this
method [8].
Equipment using EtO gas is used to reprocess flexible endoscopes
and other heat-sensitive instruments, but due to this process, at
low temperature, needs the instrument to be aerated for 24 hours
prior to its reuse, sterilization with EtO is not feasible. Institutes
where endoscopies performed usually have a limited supply of
these equipment, therefore, cannot tolerate reprocessing times
greater than 1 hour [8].
HLD on endoscopic is the global standard [9] because it is quickacting, cost-effective and has not been shown to pose a risk of
infection. It is recommended by the Association of Professionals
in Infection Control and Epidemiology [10,11], the Centers for
Disease Control and Prevention [13], the Association of Nursing
Room Surgery [2] and different organizations for the reprocessing
of heat-sensitive instruments [14].
HLD is most often achieved by soaking the instruments in a 2%
aqueous solution of alkaline Glutaraldehyde [11-15], which
does not deteriorate or corrode metals, gums, plastics, optical
equipment, or endoscopes [12,16]. During manual reprocessing,
the endoscope is usually immersed in a bucket filled with this
germicide [17]. This practice may expose the staff and the
surrounding environment to the Glutaraldehyde solution and
its vapors. Automatic endoscope scanners, which automatically
disinfect and rinse the endoscope, are alternatives to manual
reprocessing. They are closed systems that reduce the measured
levels of glutaraldehyde vapors in the air at levels much lower
than those allowed to contain the germicide in internal chambers
[8,18].
Hence, glutaraldehyde solutions are more stable at an acidic
pH (3.0 to 6.3), but have a lower biocidal activity than the basic
solution. The activated glutaraldehyde solution (pH 7.5 - 8.5)
is only stable for 14 days, although it is not advisable to use it
for more than a week, due to the molecules polymerize at a pH
above 8.5, blocking the aldehyde groups responsible for the
biocidal activity [8,12,16,18].
Likewise, there is the risk of progressively diluting the solution
after immersing in it instrumental with residual moisture. To
avoid this phenomenon, the renewal frequency of the solution
varies from 24 hours to one week depending on the frequency
of use, in addition, it should be checked that the material is dry
before being immersed in that activated solution. Glutaraldehyde
diluted in water in concentrations of 0.1% to 1.0%, is used as a
cold disinfectant of medical and scientific equipment that is heat
sensitive, including dialysis and surgical instruments, suction
vials, bronchoscopies, endoscopies, and the ear, nose, and throat
instruments. Its effectiveness is more limited compared to algae
and fungi [19].
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The Glutaraldehyde 2% and pH 7.5 - 8.5 solutions are effective
against vegetative bacterial forms in less than 2 minutes,
specifically against Mycobacterium tuberculosis (not all
publications agree on these results), fungi and viruses, less
than 10 Minutes. In the case of spores of species of the genus
Clostridium and Bacillus the effectiveness is clear in 2 hours.
However, resistance has been shown in species of the genus
Aspergillus and Mycobacterium, for which longer contact times
(10 hours) are needed to behave as sporicidal, i.e. to generate
HLD [20].
All products based on aldehydes and derivatives, including those
whose purpose is HLD, do not have a solution concentration
validation mechanism by acid-base titration methods, i.e. pH
verification, since the latter parameter does not allow the
determination of the concentration, considering that it is not
an analytical method of quantification of the same. In addition,
"check strips" (erroneously used for the quantification of the
concentration of substances), which in the strict sense are pH
verification strips, are not standardized items to determine
the concentration in any solution (they are designed for a
specific product), which goes against any analytical method of
concentration determination [8,18].

Materials and Methods
Study area
The study was carried out in 3 main Health Institutions in
Colombia, of which, for reasons of confidentiality, will not
divulge information corresponding to the staff members or the
name of the institutions that endorsed the investigation. At each
site, samples (swabs) were taken, for triplicate, of instruments
(processed and unprocessed) of services such as external
consultation, hospitalization, surgery and laboratory. The
samples were taken following the notation and method of the
Standard Methods for the Examination of Water and Wastewater
[21], which were transported to the Clinical Laboratory of the
Fundación Hospital Universitario Metropolitano and to the
Laboratory of Environmental Studies in Water and Soil of the
University of Caldas. These samples were conserved under
the parameters described in the protocols of APHA et al. [21].
Samples were processed to determine the presence of pathogenic
microorganisms of interest in human health.

In situ bioassay
To evaluate the prevalence (presence/absence) of
microorganisms, samples (swab) were collected before and
after application of the High-Level Disinfectant (Glutaraldehyde
0.17% in solution, pH=6, without activator) and Sterilization
process (Formaldehyde, Hydrogen Peroxide), evaluating cleaning
and disinfection by Luminometry (SystemSURE Plus) [22,23].
This swab was seeded in culture media specific for the growth
of Bacillus (Nutrient Agar), Clostridium (BD Agar for Clostridium
difficile supplemented with 7% sheep blood) and Mycobacterium
(Löwestein-Jensen Agar and Stonebrick Agar) [24-28]. After the
incubation period, microbial growth was determined by turbidity
measured by spectrophotometry at 570 nm emission (Countess
II FL - Cell Counter Thermo Fisher) [29,30].
This article is available in: http://www.imedpub.com/journal-healthcare-hygiene/
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DNA extraction, in-house PCR and partial 16S
rRNA gene sequencing
Mycobacterial DNA extraction was modified from protocol of
Woo et al. [31]. Briefly, inoculum of mycobacterial colonies on
Löwenstein-Jensen and Stonebrick medium were washed with
500 mL 0.1 M Tris/HCl (pH 7.5), and the pellet was suspended in
100 mL lysis solution containing 0.1% NaOH and 0.025% SDS. The
mixture was incubated at 60°C for 45 min, followed by addition
of 100 mL 0.1 M Tris/HCl (pH 7.5). The DNA extract was stored at
220°C before PCR.

In-house PCR for MTB complex and MAC
Each PCR reaction contained 10 mL DNA extract. A manual onetube nested PCR for IS6110 in MTB complex was performed
[32-35]. PCR for MAC was performed according to the protocol
published by Li et al. [40], with minor modifications. Of the two
forward primers, MAC1 (59-GGACCTCAAGACGCATGTCTTCTG-39)
was derived from positions 138–161 of the 16S rRNA gene of
M. avium, and MAC2 (59-GGACCTTTAGGCGCATGTCTTTAG-39)
was derived from positions 128–151 of the M. intracellulare
16S rRNA gene. The design of the reverse primer MACR
(59-GCTCTTTACGCCCAGTAATTCCGG-39) was based on a
sequence which is common for both species. A 100mL reaction
mixture consisted of 10 mM Tris/HCl (pH 8.3), 50 mM KCl,
2 mM MgCl2, 0.2 mM dNTP, 0.4 mM each primer, and 2 U
AmpliTaq Gold polymerase (Perkin Elmer).
To activate the Taq polymerase, the mixture was first incubated
at 94°C for 10 min. The reaction mixture was then subjected to
50 cycles of amplification (94°C for 1 min, 68°C for 1 min and 72°C
for 1 min), with a final single extension at 72°C for 10 min. A 10
mL aliquot of PCR product was electrophoresed for 1 h through
a 2% agarose gel in 1 x TBE, and the target band of 390 bp was
visualized under UV illumination.

Partial 16S rRNA gene sequencing
The broad-range primer 285 (59-GAGAGTTTGATCCTGGCTCAG-39)
and
the
Mycobacteria
specific
primer
264
(59-TGCACACAGGCCACAAGGGA-39) were used for amplification,
corresponding to Escherichia coli 16S rRNA positions 9–30 and
1027–1046, respectively [36]. The size of the amplicon was about
1040 bp, depending on species. PCR was carried out in a 50 mL
reaction mixture having 5 mL DNA template, 10 mM Tris/HCl
(pH 8.3), 50 mM KCl, 2 mM MgCl2, 0.2 mM dNTP, 0.4 mM each
primer, and 2 U AmpliTaq Gold polymerase. To activate the Taq
polymerase, the mixture was first incubated at 94°C for 10 min.
The reaction mixture was then subjected to 35 cycles of
amplification (94°C for 1 min, 65°C for 1 min and 72°C for 2 min),
with a final single extension at 72°C for 10 min. A 5 mL aliquot
of the PCR product was electrophoresed for 1 h through a 2%
agarose gel in 1 x TBE. Subsequently, PCR products were purified
using the QIAquick PCR Purification kit (Qiagen) to remove the
unpolymerized primers and deoxynucleoside triphosphates
before cycle sequencing. Nucleotide sequences from both DNA
strands were determined using the same forward primer 285
and reverse primer 259 (59-TTTCACGAACAACGCGACAA-39)
© Under License of Creative Commons Attribution 3.0 License
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corresponding to E. coli 16S rRNA position 590–609 [36]. The
purified fragment was subjected to cycle sequencing by the ABI
PRISM Dye Terminator Cycle Sequencing Ready Reaction kit
(version 3.0), at a quarter of the recommended reaction volume,
and an ABI 377 Genetic Analyzer (Applied Biosystems).
For all samples, the sequences of both strands of the amplicons
were determined. The generated sequences were assembled and
edited using the EDITSEQ version 4.0 program in the DNASTAR
software (Lasegene) (DEMO), followed by a FASTA (DEMO)
search in Ribosomal Differentiation of Medical Micro-organisms
(RIDOM) (DEMO). A sequence match of ≥ 99% with that of
the prototype strain sequence in a repository was used as the
criterion for species, group or complex level identification [33].
A sequence was considered adequate if the edited sequence had
1% or less ambiguity [33]. A reference strain, Mycobacterium
smegmatis (ATCC 700084), was run in parallel as control.

Statistical analysis
Data processing was performed using Shapiro-Wilk normality
tests, also Factorial Variance Analysis, to prove differences
between treatments and Tukey post hoc tests (p<0.05), to verify
the maximum variation. Mean and median differences were
tested to prove significant differences between the treatments
and before and after the cleaning and disinfection procedure
(HLD and Sterilization). All analysis was performed in Statgraphics
Centurion version 15.01 (DEMO).

Results
The luminometric analysis was performed in different devices
and biomedical equipment, ensuring that at this place they did
not have a previous process of disinfection. According to Table 1,
significant differences (p<0.05) were evident between the data
reported at the beginning of the disinfection process, where
the results obtained with HLD process (Glutaraldehyde 0.17%
in solution, pH=6, without activator) show a marked decrease in
luminometric values with removal percentages higher than 50%.
According to the microbiological reports, it was evidenced the
presence of different pathogenic microorganisms in the sterilized
devices, for example, Acinetobacter baumannii, Staphylococcus
warneri, Staphylococcus epidermidis, Pseudomona luteola and
Sphingomonas paucimobilis (Figure 1).
Samples of microorganisms that showed growth in solid culture
media were sampled to verify their genetic identity, reporting
for Mycobacterium spp., 7 spoligotypes of Mycobacterium
tuberculosis from biomedical devices and equipment that were
previously sterilized by Hydrogen Peroxide, Steam, Plasma and
Formaldehyde. Biomedical devices and equipment subjected to
HLD (Glutaraldehyde 0.17% in solution, pH=6, without activator)
did not report growth in the specific solid culture media for each
microorganism of interest (Table 2).

Discussion
The luminometric results (RLUs) show the presence of organic
matter in the samples treated under sterilization procedures,
however, this parameter does not allow comparisons about the
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Table 1 Evaluation of biological action of the processes of Sterilization and HLD.
Results
% Average
removal
3
STR.
HLD
STR.
HLD
STR.
HLD
Surgery
May auxiliary table
112
0
NA
NC
NC
100%
NC
Biomedical
Autoclave
5
NA
0
NC
NC
NC
100%
equipment, May
NC
NC
25
NC
NC
NC
NC
Autoclave H2O2 Plasma
table, lamps,
Sterilization Horizontal
Blade Washing Machine
NC
NC
140
NC
NC
NC
NC
siphons, among
center
Table
packing
NC
NC
89
NC
NC
NC
NC
others.
NC
NC
32
NC
NC
NC
NC
Plasma H2O2
Kelly pin
NC
290
NC
NC
NC
NC
NC
Geometry 1
With lockbox
Harmonic pin
NC
164
NC
NC
NC
NC
NC
Ferguzón's cannula**
NC
3
NC
NC
NC
NC
NC
Barter Liposuction**
NC
730
NC
NC
NC
NC
NC
Laparoscopic cannula**
NC
25
NC
NC
NC
NC
NC
Sterilization
Geometry 2
Cystoscopy
13
0
0
NC
NC
100% 100%
center
With depth
Equipment A (Endoscopy)
913
19
13
0,0300282 0,0300335 97.9% 98.5%
measurements Equipment B (Endoscopy)
669
47
78
0,0194816 0,489435 92.9% 88.3%
Equipment C (Endoscopy)
176
6
21
0,112955 0,0233128 96.5% 88,1%
Tray
HLD
213*
90
NA
NC
NC
57.7%
NC
Various boxes or
Geometry 4
containers
Enzymatic tray
78
21
NA
NC
NC
73.1%
NC
1. NA: Not Applicable. 2. NC: Data Not Calculated3. STR: Post-sterilization process. *The surface was previously washed with Virkon (B-Broun) by the
Service Instrumentator. **Pre-Sterilization.
Service

Surface type Representation

Sample

Start

Final

1

ANOVA (p Value)

2

presence/absence of microorganisms of clinical interest. HLD
(Glutaraldehyde 0.17% in solution, pH=6, without activator)
has been shown to be an efficient method for the elimination
of vegetative forms of microorganisms of clinical interest, for
example, Bacillus subtilis, Clostridium difficile and Mycobacterium
tuberculosis.
Comparisons between sterilization methods (Ethylene Oxide,
Formaldehyde, Vapor, etc.), evidences failures in the elimination
of both reproductive and vegetative forms of microorganisms
of pathological interest, specifically Acinetobacter baumannii,
Staphylococcus
warneri,
Staphylococcus
epidermidis,
Brevibacterium spp., Pseudomona luteola and Sphingomonas
paucimobilis.
The results obtained agree with data found by Ramírez et al. [37]
who, when they were informed of the microbiological results
at the General Hospital of zone 32, Mario Madrazo Navarro,
Villa Coapa, aimed at evaluating the presence of Acinetobacter
baumannii (Gram-negative multi-resistant Bacillus), initiated
protocols for the control of the outbreak Mycobacterium
tuberculosis Hygiene and washing of hands and equipment with
the prepared solution of antimicrobial monoenzymatic detergent
(Alkazyme®) and High-Level Disinfectant based on Glutaraldehyde
0.17% in solution, pH=6, without activator (Alkacide®).

Figure 1 Microbiological determinations in biomedical devices
and equipment. A. Autoclave Hydrogen Peroxide. B.
Laparoscopy Equipment. C. Autoclave Formaldehyde. D.
Table Packing Area. E. Steam Autoclave.

4

According to the research carried out by Tupiza & Vilatuña [38],
the recommendations for the High-Level Disinfection process in
endoscopy equipment were generated, using Glutaraldehyde
0.17% in solution, pH=6, without activator (Alkacide®), reporting
that the product destroys most microorganisms including M.
tuberculosis, as found in the present investigation.
This article is available in: http://www.imedpub.com/journal-healthcare-hygiene/
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Table 2 Mycobacterial determination in samples of biomedical devices and equipment undergoing sterilization and HLD processes.
baar+
(hld:
glutaraldehyde
1
baar+
0.17% in
(autoclave)
solution,
Ph = 6, without
activator)

isolation
(hld)

2

Service

Surface
type

Repr.

Sample

Biomedical equipment, May auxiliary
table
May table, lamps,
Horizontal
siphons, among
Sterilization
Autoclave
others.
center
Surgery

Cystoscopy

Sterilization
center

Geometry
2

With depth
measurements

Equipment A
(Endoscopy)
Equipment B
(Endoscopy)
Equipment C
(Endoscopy)
HLD tray

3

isolation
(autoclave)
4

5
L-J
UFC/mL

6
S-B
UFC/mL

5
L-J
UFC/mL

6
S-B
UFC/mL

PCR+

7
no.
Spoligotypes

0 Mtb

0

ND

0

0

ND

ND

0

22

ND

*ND

*ND

6

7

48

24

0

0

0

1

4

22

0

0

0

0

0

2

44

1

0

0

0

0

0

0

7 Mtb
4 Mtb
1 Mtb
2 Mtb
0 Mtb
2 Mtb
0 Mtb

1 Mtb
0 Mtb
0
ND
0
0
ND
ND
0
0 Mtb
Geometry
Various boxes or
1 Mtb
4
containers
Enzymatic tray
0
ND
0
0
ND
ND
44
0 Mtb
1. Presence of acid-alcohol resistant bacilli obtained from the sterilized instrument swab. 2. Presence of acid-alcohol resistant bacilli obtained from HLD-treated
instrument swabs. 3. Isolation after treatment with HLD. 4. Isolation after treatment with sterilization. 5. Löwestein-Jensen medium. 6. Stonebrick medium. 7.
Resistant spoligotypes M. tuberculosis. *ND: Not Determined.
1

0

0

0

2

0

44

In the same way, Santiago [39,40] evaluated different
glutaraldehyde-based products, reporting that the Glutaraldehyde
0.17% in solution, pH=6, without activator (Alkacide®) solves
the problem of rapid loss of stability and decrease the time of
exposure, keeping an excellent antimicrobial activity during a
period of 28 to 30 days.

It is important to emphasize that, although biological control
is one of the most used indicators, to perform the traceability
of the sterilization process, this tool is based on the "ideality"
of the process, which means that it does not contemplate the
reality of the procedure. For future research, it is recommended
the determination of the presence of genes that cause infectious
processes of the spoligotypes found of M. tuberculosis.
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