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A B S T R A C T

The evolution of new prosthetic and osteosynthetic devices has led to more surgical indications, and this
is accompanied by an increased incidence of septic complications in orthopaedic and trauma surgery in
the general population.
The strategy for choosing surgical or therapeutic (conservative) treatment is based on the identification

of the pathogen: knowledge of the aetiological agents is an essential element in the decision-making
process to ensure the most effective treatment is administered. The pathogen also needs to be considered
in the challenging case of doubtful infection, where perhaps the only sign is inflammation, for a more
accurate prediction of progression to either sepsis or healing. Biofilm-related infections and low-grade
infections may fall into this category.
Biofilm slows the metabolism of microorganisms and prolongs their survival, which renders them

resistant to antibiotics. Moreover, when microorganisms are embedded in the biofilm they are poorly
recognised by the immune system and the infection becomes chronic. As recently demonstrated,
isolation and identification of bacteria in biofilm is difficult as the bacteria are concealed. The
development of an effective means of sample collection and laboratory methods that can dislodge
bacteria from prosthetic surfaces has therefore become necessary.
The primary aim of the study was to evaluate the reliability of an innovative technology (MicroDTTect),

specifically applied to collect and transport explanted samples (prostheses, osteosynthetic devices,
biological tissues), and compare with flocked swabs.
The MicroDTTect system is quick and simple to use and, most importantly, is a closed system that is

totally sterile and safe for the patient being treated. It contains a specific concentration of dithiotreitol
(DTT) that can dislodge bacteria from the biofilm adhering to prosthetic surfaces.
The numbers of positive and negative samples were measured to compare the MicroDTTect

methodology with swab collection in 30 procedures. The results showed that MicroDTTect had a higher
sensitivity compared to swabs (77% and 46%, respectively), and was associated with more positive results
than swabs (35% and 20%, respectively).
These preliminary results show that MicroDTTect is superior to swab collection for bacterial

identification in orthopaedic surgery.
The early identification of microorganisms that cause sepsis may help improve treatment strategies

and the efficacy of therapy, which will lead to an increased healing rate, reduced severity of sequelae and
improved quality of life.

ã 2016 Published by Elsevier Ltd.

Introduction

Surgical Site Infection (SSI) is the third most common hospital-
acquired infection, with an incidence ranging from 15% to 25%. An* Corresponding author.
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estimated 75% of deaths in patients with an SSI are considered to be
directly correlated to the SSI itself [1,2].

The incidence of SSIs varies according to the type of surgery and
procedure; these infections occur most frequently in colon surgery,
followed by heart surgery, obstetrics and orthopaedic surgery [3].

The evolution of new prosthetic and osteosynthetic devices has
led to more surgical indications, and this is accompanied by an
increased incidence of septic complications in orthopaedic and
trauma surgery in the general population.

In particular, chronic post-operative bacterial infections repre-
sent one of the most challenging orthopaedic complications
associated with primary (1–4%) and revision (30%) prosthetic and
implant surgery [4–7].

The onset of such infections is associated with an increase in
morbidity and mortality and consequently entails additional costs
for the National Health System (NHS) in terms of longer hospital
stays (on average 9 days longer), related diagnostic procedures and,
where necessary, revision surgery [8].

The healthcare costs of a patient with an SSI are estimated to
have doubled [9].

The strategy for choosing surgical or therapeutic (conservative)
treatment is based on the identification of the pathogen:
knowledge of the aetiological agents is an essential element in
the decision-making process to ensure the most effective
treatment is administered. The pathogen also needs to be
considered in the challenging case of doubtful infection, where
perhaps the only sign is inflammation, for a more accurate
prediction of progression to either sepsis or healing. Biofilm-
related infections and low-grade infections may fall into this
category.

The implantation of devices may result in the development on
their surface of a “bacterial biofilm matrix”, a structure consisting
partially of host proteins and mainly of bacterial Extracellular
Polymeric Substance (EPS), which causes partial anaerobiosis and a
low nutritional intake by the bacteria. Biofilm slows the metabolism
of microorganisms and prolongs their survival, which renders them
resistant to antibiotics. Moreover, when microorganisms are
embedded in the biofilm they are poorly recognised by the immune
system and the infection becomes chronic. As recently demonstrat-
ed, isolation and identification of bacteria in biofilm is difficult as the
bacteria are concealed. The development of an effective means of
sample collection and laboratory methods that can dislodge bacteria
from prosthetic surfaces has therefore become necessary.

Dithiotreithol (DTT) is a strong reducing agent commonly used
in clinical and chemistry laboratories to reduce disulphide bonds
and to maintain monothiols in a reduced state. It also acts as a
protein denaturant, cleaving disulphide bonds between cysteine
groups in proteins and peptides. For these reasons, DTT is widely
used in microbiology laboratories to liquefy specimens from the
respiratory tract. Moreover, it reportedly reduces staphylococcal
biofilm and thus may enhance detachment of bacteria from
biofilms on prosthetic materials. We therefore reasoned that DTT
could be used to remove bacteria from prosthetic implants.

Previous studies have shown that DTT treatment can be used
instead of sonication for the microbiological diagnosis of prosthetic
joint infections (PJIs), as it is easier to use and the procedure does not
require any specific laboratory instruments. DTT treatment has been
shown to be more sensitive than sonication towards S. epidermidis,
which is often involved in PJIs [10,11].

The major advantages of DTT treatment are its ease of use, the
reduced risk of contamination as it does not require excessive
manipulation of the specimen and the limited costs involved;
however, this treatment requires further evaluation by assessing a
larger number of clinical samples.

Although they are not specified in the different guidelines,
swabs continue to be the method of choice for many surgeons,

particularly because of their availability and ease of use. Flocked
swabs seem to be a reliable option for appreciably enhancing
bacterial recovery from a clinical specimen compared to other
types of collection methods [12].

Aims of the study

This study was conducted at the Reparative Orthopaedic
Surgery Department of G.Pini Institute, University of Milan. The
primary aim of the study was to evaluate the reliability of an
innovative technology (MicroDTTect), specifically applied to
collect and transport explanted samples (prostheses, osteosyn-
thetic devices and biological tissues) and compare with flocked
swabs (Copan Inc, Corona, CA). The secondary aim was to evaluate
the reduction of risk of diagnostic failure by avoiding cross
contamination and by increasing the isolation of the microorgan-
ism responsible for the infection.

The MicroDTTect device (Fig. 1 and 2) is used by taking the
explanted analysis specimens during the operation and directly
placing them inside the device. The device is sealed with a double
closure (minigrip and adhesive) and then the specific DTT solution
is inserted by opening a special valve. The solution dissolves the
bacterial biofilm matrix adhering to the specimen, thus dislodging
the bacteria. After the processing time, the solution is removed for
microbiological analysis on culture plates and in broth using
standard laboratory procedures.

The MicroDTTect system is quick and simple to use and, most
importantly, is a closed system that is totally sterile and safe for the
patient being treated. It contains a specific concentration of DTT
that can dislodge bacteria from the biofilm adhering to prosthetic
surfaces.

Specifically, this system has been used for the transportation
and processing of samples from the operating theatre to the
microbiology laboratory to improve bacterial culture under safe
and sterile conditions.

Materials and methods

Patient recruitment

A total of 30 patients undergoing surgery for suspected septic
complications according to Musculoskeletal Infection Society
(MSIS) criteria were enrolled at the Reparative Orthopaedic
Surgery Department in this prospective study [13].

Patients enrolled were considered frankly septic because of the
presence of secretory fistula, CT scan and/or MRI evidence of septic
conditions and/or previous positive culture tests with the isolation
of bacteria in wound or synovial fluids. The study group included
18 men and 12 women and the average patient age was 61 years
(range: 23–82 years). Eleven patients presented a post-traumatic
condition, 17 patients a prosthetic implantation sequela and two
patients a haematogenous osteomyelitis.

The majority of patients had an American Society of Anes-
thesiologists (ASA) anaesthetic risk score of 2. The average length
of hospital stay was 12 days and no deaths were recorded during
the study.

Both the MicroDTTect system and the collection method used in
our institute (4–5 flocked swab samples) were applied to identify
the pathogens in the study group. We evaluated the number of
positive and negative samples to compare the MicroDTT method-
ology with swabs.

Microbiological tests

MicroDTTect was placed on an orbital shaker for 15 min at
250 revs/min. All the DTT was aspirated by means of a syringe
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using the special valve located on the device to ensure process
sterility, and then transferred to several sterile plastic tubes.
Samples were then centrifuged for 10 min at 3000 x g and all the
supernatant except 1 mL was discarded. Finally, the pellet was
resuspended in the remaining DTT and samples combined in a
single tube. Swabs and 100 mL of DTT-treated samples were seeded

onto Chocolate Agar (CA), McConkey Agar (MC), Mannitol Salt Agar
(MSA), Sabouraud Agar (SAB), Brain Heart Infusion broth (BHI) and
Thioglycollate Broth (TH). CA was incubated at 37 !C for 24–48 h in
10% CO2-enriched atmosphere; MC, MSA and SAB were incubated
at 37 !C for 24–48 h. Enrichment broths were incubated for 15 days
at 37 !C. The remaining fluid from DTT-treated samples (about
1 mL) was frozen at "80 !C for further analysis. After incubation,
growth and colonies counts were recorded for both aerobes and
anaerobes, and at the fifteenth day each broth was vortexed for 30 s
and 100 mL were inoculated on CA and Schaedler Blood Agar (SBA)
plates.

DTT-treated devices and swabs were considered positive if at
least five colonies grew on agar plates after 24 h or if a growth was
observed during broth enrichment. Identification was performed
at phenotypic level by means of Vitek2 Compact (Biomerieux,
Marcy l'Etoile, France).

Fig. 1. Drawing showing the MicroDTTect device.

Fig. 2. Picture showing explanted osteosynthetic devices and biological tissues
inserted into the MicroDTTect.

Table 1
Percentage (%) of positive and negative results obtained from MicroDTTect and
swabs.

Percentage (%)

Positive results obtained with MicroDTTect 35%
Positive results obtained with swabs 20%
Negative results (MicroDTTect) 65%
Negative results (swabs) 80%
MicroDTTect sensitivity 77%
Swabs sensitivity 46%
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Results

Microbiological findings

MicroDTTect had a higher sensitivity compared to swabs (77%
and 46%, respectively) and was associated with more positive
results than swabs (35% and 20%, respectively; Table 1). There were
also significant differences in the type of microorganisms isolated
using MicroDTTect and swabs (Table 2). In particular, MicroDTTect
enabled the isolation of a higher number of different types of
microorganisms compared with swabs: Staphylococcus warneri,
Staphylococcus haemolyticus, Staphylococcus hominis, Streptococcus
sanguinis, Actinomyces naeslundii and Candida albicans were
recovered using MicroDTTect, but not using swabs. There were
also three microorganisms that were isolated using only swabs and
not using MicroDTTect, these were Bacillus spp, Peptostreptococcus
spp and Corynebacterium spp.

Discussion

The number of arthroplasty and osteosynthesis operations is
increasing worldwide and this is accompanied by an increasing
incidence of infections in orthopaedic and trauma surgery.

The management of these infections often requires two-stage
revision procedures with very high costs that exceed those for
revisions for mechanical failure and/or aseptic loosening. Further-
more, with the rise in the incidence of periprosthetic or post-
traumatic infections due to methicillin-resistant Staphylococcus
aureus, management of these infections may have a higher
financial burden in the future than currently estimated.

The literature states that patients with periprosthetic knee
infections have a significantly higher number of readmissions and
clinic visits, longer hospital stays and higher total episode costs
than patients who have had a non-infected primary total knee
arthroplasty. Retrieval of the pathogen is essential for the selection
of appropriate antimicrobial therapy to treat PJIs. In the recent
past, isolation of a pathogen by culture from at least two separate
tissue or fluid samples was considered one of the standard criteria
proposed for defining a PJI. Recently, MSIS criteria are further
adopted for a correct definition of a PJI [13].

However, the sensitivity of the culture method is often affected
by previous use of antibiotics, sampling errors, inadequate
amounts of live bacteria retrieved, and inappropriate handling.
Another problem that the microbiologist faces is the presence of
bacterial biofilms, which render the bacteria difficult to remove
using traditional sampling techniques.

Sonication of explanted implants has notably improved the
sensitivity of microbiological diagnosis of PJIs by dislodging bacteria
from biofilm adhering to prosthetic surfaces, as documented in
numerous studies [14–21]. Recently, DTT has been shown to have the
same specificity as sonication, but a higher sensitivity, particularly

when the causative microorganism is S. epidermidis [10]. Sonication
may be less efficient at removing S. epidermidis embedded in biofilm
than it is at removing other biofilm-producing bacteria [10].
Moreover, the major advantages of DTT treatment are ease of use,
reduced risk of contamination because minimal specimen manip-
ulation is required, and limited cost [11].

The results of this study show an increasing amount of bacterial
identification when the MicroDTTect is used in orthopaedic
surgery compared to flocked swabs, which showed a lower rate
of microbial recovery. Furthermore, the higher number of micro-
organisms isolated by means of MicroDTTect, and its greater
sensitivity compared with swabs, underline the real efficacy of this
device in the diagnosis of prosthetic and orthopaedic infections.
Early identification of the microorganisms responsible for the
septic condition may increase the suitability and efficacy of
therapy and consequently improve healing rate and patient quality
of life by reducing the severity of sequelae.

The use of the MicroDTTect device to collect specimens and
improve the identification of aetiological agents could help to
rationalise resources associated with the “ladder strategy” by
reducing the overall costs of false positive and negative results.

Further trials and larger studies are necessary to validate this
diagnostic procedure.
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