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Abstract

Incomparisonwith other medical specialties, Orthopedics and Traumatology are continuously impressively developing,
intrinsically connected to technological evolution. More than in other fields, in Orthopedics and Traumatology,
the technological progress becomes obvious also by the frequent use of implants or osteosynthesis materials. By
performing a simple search in the specialty literature, an exponential growth of arthroplasty surgeries in correlation
with the life span of the population and implying a need that presupposes the increase of the quality of life, also by
maintaining or improving mobility at a satisfying level, can be observed. At the same time, due to the increase in the
number of traffic and sports accidents, the use of artificial joints and implants for osteosynthesis will constantly rise.
The prostheses and the osteosynthesis materials used for the treatment of degenerative, traumatic or even esthetic
pathologies are made of materials with a good biocompatibility.

Candida albicans is an optional anaerobic microorganism so the experiments performed with different volumes of
environment were most likely influenced by the amount of oxygen, nutrient.

In the described research, we demonstrated that, using microcalorimetry, it is possible to identify this fungus in half
the time required for classical microbiological identification. In addition, as our team has shown, there is the possibility
of real-time antifungigram by using microcalorimetry.

Keywords: microcalorimetry, growth curve of C. albicans, optimal growth temperature

Introduction are continuously impressively developing,
intrinsically connected to technological
In  comparison with other medical evolution. More than in other fields,

specialties, Orthopedics and Traumatology in Orthopedics and Traumatology, the

ROMSOS, SROA 69
© 2019



Romanian Journal of Orthopaedic Surgery and Traumatology 2019; 2(2): 69-74

technological progressbecomesobviousalso by
the frequent use of implants or osteosynthesis
materials [1]. By performing a simple search in
the specialty literature, an exponential growth
of arthroplasty surgeries in correlation with the
life span of the population and implying a need
that presupposes the increase of the quality of
life, also by maintaining or improving mobility
at a satisfying level, can be observed [2]. At the
same time, due to the increase in the number
of traffic and sports accidents, the use of
artificial joints and implants for osteosynthesis
will constantly rise [3,4]. The prostheses and
the osteosynthesis materials used for the
treatment of degenerative, traumatic or even
esthetic pathologies, are made of materials
with a good biocompatibility [5,6].

Infectious pathology is an important
probleminany healthsystemandinany country
in the world. It is all about material costs, the
involvementofspecializedandhyperspecialized
human resources, but also the efforts of social
reintegration of the affected patients, who
frequently associate different degrees of
depression. In the case of Orthopedics, but
also of the other surgical specialties, infection
of a wound leads to the slowing down of the
healing process, accompanied by an increase
of the psychological stress suffered by the
patient [7,9,10-12]. As such, patients describe
pains of greater intensity as compared to those
with the same pathology, who cured without
infection. Correct and rapid diagnosis followed
by proper treatment is essential. The infection
of an operated wound, especially in the
case of arthroplasty or orthopedic implants,
can have disastrous effects, the removal of
the foreign material being necessary. Post-
operative infections interrupt the normal
healing process, increasing the risk of some
associated pathologies or decompensation
of the pre-existent ones, but also prolong the
hospitalization time with significant additional
costs for health systems [12-14].

The source of the infection may be a
contaminated implant, may depend on errors
in disinfection and sterilization, or it may be
found at distance. For these reasons, in the
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case of suspected surgery, it is mandatory to
investigate, identify and treat any infectious
outbreak [15,16]. Studies have shown that
orthopedic infections are more common in
patients with dental abscess or an infectious
pathology in the tequment or digestive tract.
There are numerous implicated microbial
agents, of which, the following should be
mentioned: Staphylococcus aureus (S. aureus),
coagulase-negative staphylococci, Escherichia
coli, Enterobacter spp., Klebsiella spp.,
Pseudomonas aeruginosa. Among these, S.
aureus is the most frequently involved [7,8,10-
12,15,16].

Taking into account the increased mortality
and morbidity related to the situations in which
the infections are associated with the medical
act, itis necessary to develop rapid and efficient
diagnostic methods. The speed of obtaining
a positive, accurate diagnosis is important
because, in the case of the Orthopedics field,
but not only, targeted treatment can save a
limb and restore the mobility of an affected
patient with few resources.

One method that has managed to gain
ground, in the age of technological evolution,
is microcalorimetry. It represents a method
that is frequently used in inorganic chemistry
and has begun to develop also in medicine.
Microcalorimetry can now be used successfully,
with a high sensitivity, detecting temperature
changes of the size of micro-nanojoules. It is
also worth noting that at present, there are
both data acquisition systems and software
programs for data analysis and corroboration.
We can undergo precise studies in a relatively
shorttime.The ability of bacteriatorelease heat
through metabolic activity is the foundation
of our research, the microcalorimeter being
able to record the energy released due to
exothermic biochemical reactions and based
on them through the integration program to
generate growth curves that will be interpreted

later in the clinical context [17-20].

Material and Methods

In order to carry out the experiments, our
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team used two microcalorimeter devices that
have a differential scanning mechanism, and
to protect the 3D sensor we used pure Argon
in gaseous state (99.99% SIAD - TP). During
the experiments, samples and references were
introduced into 1ml microcalorimeter cells.

Bacterial population

To undergo the experiments we used a
freeze-dried Candida albicans strain provided
by “Cantacuzino” National Research Institute.

The culture environment

For fungal development we used Sabouraud
medium both in liquid and in solid form, both
being autoclaved before use and tested for
microbiologic purity. With the help of the
plagues with solid environment, the fungus
was repopulated, obtaining isolated colonies
and testing in order to maintain the purity of
the liquid medium. The liquid medium was
used for replication and for the preparation of
the fresh samples needed for microcalorimetry
experiments.

Working protocol

1. To separate the liquid from solid (fungal
mass), centrifugation was performed
at 3000 rpm for 5 minutes. This process
was repeated 3 times, with washing with
fresh liquid medium, after each step.

2. After obtaining a fungal concentrate
diluted in 200 pl, the McFarland index
increased to o.1.

3. Due to the slower growth kinetics of
C. albicans, microcalorimetric samples
were performed without further
dilution.

1. Preparation of the sample

a. 3.000 pl of fresh medium at room
temperature are added in a nephelometric
tube.

b. The nephelometric tube is wiped with
acetone to eliminate the risk of refractive
defects.

c. McFarland index is measured.

d. Depending on the microbial agent
studied, about 5 pl of the Eppendorf tube are
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pipetted in the nephelometric tube until the
McFarland index increases (reaches) to the
proposed value.

e. Depending on the microbial agent
used, dilutions are performed, stage that will
be described according to the experiment.

f. The proposed volume of the
solution is extracted and inserted into the
microcalorimetric cell which is sealed using
aseptic technique with a silicone o-ring and is
afterwards inserted into the microcalorimeter.

2. Preparation of the reference

a. A solution of distilled water
antibiotic powder is prepared.

b. The fresh medium volume proposed
is introduced into the microcalorimetric cell
over which, an amount of solution containing
antibiotic is added in a volume of 10%.

c. The cell is sealed with a silicone o-ring
and it is inserted into the microcalorimeter.

and

Results

The same quantity of fungal agent was
used for the proposed study, with changes
being made to the volume used and the growth
temperature. In order to obtain correct data
and to observe any changes in the fungal
growth pattern, changes of one parameter
per experiment were made. Following the
completion of these experiments, specific
changes of the microcalorimetric growth curve
were identified according to the temperature
or volume used.

As the ATCC strain is a clinical isolate,
the growth temperature used in the initial
experiments was 37°C (although the
recommended temperature for fungal
development is 28°C). These experiments
showed that C. albicans developed best at
temperatures between 30°C and 37°C, too
high or too low temperatures leading to a
decrease in quantitative parameters such as
maximum intensity of heat low (the peak of
microcalorimetric growth), the total growth
time (until the signal returns to the baseline).

Candida albicans is an optional anaerobic
microorganism so the experiments performed
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with different volumes of environment were
most likely influenced by the amount of
oxygen, nutrient (dependent on the smaller or
larger volume of medium used). Considering
this discussion, following the experiments
with different volumes of medium, it could be
observed that with the increase of the volume
both the quantity of heat released by the
fungal growth and the duration of the growth
increased.

As observed in the microcalorimetric
experiments with various types of bacteria,
changes in the sample volume and the
temperature at which the experiment is
carried out produce changes during the fungal
growth, in the intensity of the heat released
(implicitly of the heat flux between the sample
and the reference), but, in all experiments, the
morphological patternis preserved, underlining

the ability of microcalorimetric to identify a
microorganism afteritsgrowth curve. Following
the attached growth curves, an almost linear
progression of the heat released depending on
the incubation temperature could be observed.

For all increases, the microcalorimetric
curve differs in terms of the quantitative
parameters of the curves generated by the
studied bacteria, the first peak being less well
expressed for many of the investigated volume-
temperature pairs, while the second peak was
practically non-existent. We could see that C.
albicans develops best at temperatures of 34
and 37°C. In all images, the most important
increases are observed at 8oo pL, but it should
be taken into account that at 600 pL they are
almost identical.

Growth of C. albicans at varying volumes
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Fig. 1 Growth of C. albicans at different volumes
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Discussions

Orthopedic infectious pathology, difficult
to treat, is increasing due to the numerous
microorganisms that develop resistance to the
usual antibiotics. In most cases, this acquired
resistance appears by administering certain
classes of antibiotics without making the
correct microbiological diagnosis (pathological
product harvesting, correct and complete
testing and without adapting the treatment
to the identification and antibiogram results)
[21]. Maybe the best-known case of antibiotic-
resistant Staphylococcus aureus with particular
problems in hospital units [22]. Another
example is that of multi-resistant Gram-
negative bacteria, where therapeutic options
are becoming increasingly limited [23]. At
present, many strains of multi-resistant C.
albicans have not been described, but a major
factorin the emergence of antifungal antibiotic
resistance is the long time to obtain an
antifungigram. In the described research, we
demonstrated that, using microcalorimetry,
it is possible to identify this fungus in half the
time required for classical microbiological
identification. In addition, as our team [24-26]
has shown, there is the possibility of real-time
antifungigram by using microcalorimetry.

Conclusions

Experiments undergone using C. albicans in
different volumes of Sabouraud medium and at
different temperatures showed the versatility
of the method. These studies can help optimize
the parameters of growth of fungal strains
if the method can be widely used, both for
identification and for determining susceptibility
to antifungals.

Conflict of Interest statements
Authors state no conflict of interest.

Informed Consent and Human and Animal
Rights statements

Informed consent has been obtained from
all individuals included in this study.

ROMSOS, SROA
© 2019

Authorization for the use of human
subjects

Ethical approval: The research related
to human use complies with all the relevant
national regulations, institutional policies, is
in accordance with the tenets of the Helsinki
Declaration, and has been approved by the
authors’institutional review board orequivalent
commitee.

References

1. Katz NP, Paillard FC, Ekman E. Determining the clinical
importance of treatment benefits for interventions for
painful orthopedic conditions. ] Orthop Surg Res. 2015;
10:24.

2. Varnum C, Pedersen AB, Rolfson O et al. Impact of hip
arthroplasty registers on orthopaedic practice and
perspectives for the future. EFORT Open Rev. 2019;
4(6):368-376.

3. DiSilvestro K], Santoro AJ, Tjoumakaris FP et al. When
can [ drive after orthopaedic surgery? A systematic
review. Clin Orthop Relat Res. 2016; 474(12):2557-
2570.

4. Jiang B, Liang S, Peng ZR et al. Transport and public
health in China: the road to a healthy future. Lancet.
2017;390(10104):1781-1791.

5. Pascal-Moussellard H, Hirsch C,
Osteosynthesis in sacral fracture and lumbosacral
dislocation. Orthop Traumatol Surg Res. 2016; 102(1
Suppl):S45-57.

6. DeKeyser GJ], Kellam PJ, Haller JM. Locked Plating and
Advanced Augmentation Techniques in Osteoporotic
Fractures. Orthop Clin North Am. 2019; 50(2):159-169.

7. Hexter AT, Hislop SM, Blunn GW, Liddle AD. The effect of
bearing surface on risk of periprosthetic joint infection
in total hip arthroplasty: a systematic review and meta-
analysis. Bone Joint ]. 2018; 100-B(2):134-142.

8. Schwarz EM, Parvizi ], Gehrke T et al. 2018 International
Consensus Meeting on Musculoskeletal Infection:
Research Priorities from the General Assembly
Questions. ] Orthop Res. 2019; 37(5):997-1006.

9. Popa Mihnea GI, Panti Z, Ene R et al. Infectie in sfera
ortopedicd diseminatd hematogen la 2 ani dupa
operatie. Infectio.ro. 2016; 46(2):40-43.

10. Bori G, McNally MA, Athanasou N. Histopathology
in Periprosthetic Joint Infection: When Will the
Morphomolecular Diagnosis Be a Reality? Biomed Res
Int. 2018; 2018:1412701.

11. Antonescu D. Ortopedie-Traumatologie. Vol X. IN Tratat
de chirurgie - sub red. Popescu I. 2018, Ed. Academiei
Romane.

12. Azar FM, Canale ST, Beaty JH. Ed. Campbell’s Operative
Orthopedics. 4-volume Set., 13th ed., 2017, Philadelphia,
PA: Elsevier.

Bonaccorsi  R.

73



Romanian Journal of Orthopaedic Surgery and Traumatology 2019; 2(2): 69-74

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

74

Gheorghe A, Moran G, Duffy H et al. Health Utility Values
Associated with Surgical Site Infection: A Systematic
Review. Value Health. 2015; 18(8):1126-37.
Triantafyllopoulos G, Stundner O, Memtsoudis S,
Poultsides LA. Patient, Surgery, and Hospital Related
Risk Factors for Surgical Site Infections following Total
Hip Arthroplasty. Sci World J. 2015; 2015:979560.

Shao ], Chang H, Zhu Y et al. Incidence and risk factors
for surgical site infection after open reduction and
internal fixation of tibial plateau fracture: A systematic
review and meta-analysis. Int ] Surg. 2017; 41:176-182.
De Vries FE, Wallert ED, Solomkin JS et al. A systematic
review and meta-analysis including GRADE qualification
of the risk of surgical site infections after prophylactic
negative pressure wound therapy compared with
conventional dressings in clean and contaminated
surgery. Medicine (Baltimore). 2016; 95(36):e4673.
Wadsé 1. Isothermal microcalorimetry in applied
biology. Thermochimica Acta. 2002; 394:305-311.
Trampuz A, Salzmann S, Antheaume ], Daniels AU.
Microcalorimetry: a novel method for detection
of microbial contamination in platelet products.
Transfusion. 2007; 47(9):1643-1650.

Braissant O, Wirz D, Gopfert B et al. Biomedical Use of
Isothermal Microcalorimeters. Sensors (Basel). 2010;
10(10):9369-9383.

Braissant O, Keiser ], Meister 1 et al. Isothermal
microcalorimetry accurately detects bacteria, tumorous
microtissues, and parasitic worms in a label-free well-
plate assay. Biotechnol J. 2015; 10(3):460-468.
Borriello SP, Murray PR, Funke G. Topley and Wilson's
Microbiology and Microbial Infections. ed 10. 2005,
London, Hodder Arnold.

de Lencastre H, Oliveira D, Tomasz A. Antibiotic resistant
Staphylococcus aureus: a paradigm of adaptive power.
Curr Opin Microbiol. 2007; 10:428-35.

Livermore DM. The need for new antibiotics. Clin
Microbiol Infect. 2004; 10(Suppl 4):1-9.
PoenaruA,Neagu A, PopaMihneaG, Ghital. Determinarea
rapida a susceptibilitdtii la gentamicind a Klebsiella
pneumoniae ATCC 700603 prin microcalorimetrie.
Lucrare prezentata oral la CNSTM, decembrie 2016,
Bucuresti.

Muntean A, Poenaru A, Neagu A, Costin C, Muntean M,
Popa Mihnea et al. Microcalorimetric method for rapid
in vitro discrimination of susceptibility response to a
meropenem challenge in Klebsiella pneumoniae isolates
- lucrare prezentatd Poster in cadrul 28th European
Congress of Clinical Microbiology and Infectious
Diseases (ECCMID). 2018; abstract ID 5976.

Popa Mihnea, Popa V, Muntean AA et al. Using
microcalorimetric thermograms to describe the growth
patterns of Candida albicans. Carol Davila University of
Medicine Congress, 5th edition, May 2017, Bucharest,
abstract published in the supplement of Madica ] Clin
Med. 2017;12(15):31.

ROMSOS, SROA
© 2019



