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Infectious diseases are important issues in any healthcare system of any country in the world. 
Given the increased morbidity and mortality related to infections associated with the medical 
procedures, it is necessary to develop rapid and effective diagnostic methods. One method that has 
managed to gain ground in the age of technological evolution is microcalorimetry. It can be used 
successfully today, with a very high sensitivity, detecting heat flow changes in the order of 
micro/nano-joules. Bacterial microcalorimetry has a number of advantages and as such should be 
considered as a possible method of rapid and effective diagnosis. For this study we used 
microcalorimetry to evaluate the S. aureus and K. pneumoniae growth curves, but the technique can 
be applied to any pathogen. In order to use this method in clinical studies, numerous experiments are 
needed to be performed, following the impact of as many parameters as possible, in order simulate the 
clinical conditions. Once sufficient stackable experiments are cumulated, by corroborating them, a 
working algorithm can be created with the ability to provide information with high sensitivity. 
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Orthopaedics and traumatology is constantly 
developing, integrally connected to technological 
progress, in conjunction with other medical 
specialities. Infectious disease is a major problem 
in health systems. In the case of orthopedics, but 
also of other surgical specialties, the infection of a 
wound translates into slowing down the healing 
process accompanied by an increase in the 
psychological stress suffered by the patient. In 
these cases, patients describe increased pain 
compared to those who, having the same 
pathology, were cured without associated 
infection1,2. The correct and rapid diagnosis 
followed by an adequate treatment is essential in 
this type of pathology, because the infection of a 
surgical wound, especially in the case of 
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arthroplasties or the use of orthopedic implants, 
can produce a disastrous effect in most cases 
requiring the removal of implanted material3,4.  

This paper will present microcalorimetric 
experiments performed on two lyophilized germs. 
The purpose is to present the ability of the 
microcalorimeter to produce superimposable 
bacterial growth curves, and in order to be easy to 
follow. 

All postoperative infectious processes interrupt 
the normal healing process causing an increased 
risk of associated pathologies or decompensation 
of pre-existing ones, but at the same time prolong 
the patient's hospitalization time causing additional 
costs on health systems5,6. 

  The first process is the coating of the 
prosthetic material by serum proteins and platelets, 
these proteins facilitate the adhesion of pathogens 
through different receptors. These pathogens 
gradually multiply, forming the biofilm with the 
ability to resist the host’s cellular and humoral 
response7.  
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Given the increased morbidity and mortality 
related to the situations in which infections are 
associated with the medical procedures, it is 
necessary to develop rapid and effective diagnostic 
methods. The speed of obtaining a positive, 
accurate diagnosis is important because in the case 
of the orthopedic field, but not only, the targeted 
treatment can save a limb and can restore the 
mobility of a patient with few resources8. 

MICROCALORIMETRY 

One method that has managed to gain ground in 
the age of technological evolution is microcalo-
rimetry. It can be used successfully today, with a 
very high sensitivity, detecting temperature 
changes of the order of micro/nano-joules. The 
ability of bacteria to release heat through metabolic 
activity is the foundation of the present study, the 
microcalorimeter being able to record the energy 
released due to exothermic biochemical reactions9,10.  

The use of a liquid sample, inoculated with an 
organism, which will provide a growth curve, is a 
method by which calorimetry describes bacterial 
growth and by which this method can be used for 
bacterial identification11,12. One of the experimental 
parameters that we can easily change is the culture 
medium, which significantly influences the 
bacterial growth without changing the growth 
curve model. The possibility of knowing the 
parameters inside the sample, such as the amount 
of CO2, oxygen concentration or pH, gives us an 
overview of what is happening inside the 
calorimeter cell, which facilitates the identification 
of the infectious agent13,14.  

Bacterial microcalorimetry has a number of 
advantages and as such should be considered as a 
possible method of rapid and effective diagnosis. 
Sensitivity is an important asset. Microcalorimetric 
signs of bacterial multiplication can be detected; 
even when as little as 10,000–100,000 active 
bacterial cells in cultures are present. In addition to 
highlighting the presence of organisms, the 
generated curve has features that facilitate the 
identification of the pathogen involved. It is also 
worth noting that this method gives us real-time 
information: we can check the evolution of 
bacterial growth at any time, through a computer 
or even remotely, using a smart phone. In addition 
to the ease and speed of data processing, when we 
make a microcalorimetric experiment we can 
juggle an increased number of variables 
(temperature, culture medium, recording method) 

that correlate with information already known in 
the literature that offers us multiple possibilities 
diagnosis and subsequent “targeted” treatment15,16.  

The ability of microcalorimetry to record 
thermal energy was demonstrated in a study that 
compared the time required for a bacterial culture 
to be detected at different concentrations of 
inoculated pathogen. The study used different 
bacterial strains (Candida albicans, Escherichia 
coli, Staphylococcus aureus and S. epidermidis, 
Streptococcus sanguinis, Cutibacterium acnes) 
which were inoculated in liquid medium and left in 
the microcalorimeter for 5 days at a constant 
temperature of 35º C. Bacterial growth curves were 
specific to each species, the disposition pattern was 
independent of the number of organisms with 
which the experiment was started, and a heat 
released over 10µW from the baseline was 
accepted as a positive detection. Experiments with 
an initial bacterial load of 105 CFU / mL identified 
E. coli, S. aureus and S. sanguis in less than 4 hours. 
The pathogen load of the microcalorimetric cell 
must be reduced in studies with fungus because the 
dimensions of the fungi are significantly bigger than 
those of the bacteria, and an overload of the 
microcalorimetric cell produces erroneous informa-
tion. For experiments with C. albicans the amount 
of organisms was reduced (10 CFU / mL) and  
43 hours were required to detect it17,18.   

We live in a world in danger because of 
microorganism resistance to antibiotics and 
chemotherapeutics, in a world where “resistance” 
has started and evolved towards “multi-resistance”, 
towards “extended resistance” and even towards 
“total resistance”. In a world where the danger of 
increasing the resistance of microorganisms to 
antibiotics and chemotherapeutics is discussed at 
the highest level (political, administrative, 
medical), any method that facilitates targeted 
treatment must be supported and developed. 
Differential isothermal microcalorimetry allows us 
to analyse bacterial growth in the absence or 
presence of compounds with antimicrobial 
capabilities, this new method can be introduced 
into the medical diagnostic arsenal after its 
standardization19,20.   

In addition to methods such as serial dilution of 
antibiotics in liquid media, quantitative 
determinations by E-test, or the use of antibiotic-
impregnated discs after seeding the bacteria on the 
plate, microcalorimetry provides information on 
throughout the experiments and not just at the end 
of them. The studies by Higuera-Guisset et al. in 
2005 showed that a single bacterium can produce 
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heat of ~ 2 pW; sowe can detect the approximate 
number of bacteria at any time in the experiment21.  

THE UTILITY OF MICROCALORIMETRY 
IN OTHER FIELDS 

Microcalorimetry can also be used in many 
other fields. In a study designed to improve the 
environment, microcalorimetry was used to 
highlight the effects of some substances on it. 
Using a population of Bacillus subtilis, the harmful 
effect on the aquatic environment of harmful 
substances such as hydroquinone, catechol or 
resorcinol was studied. Another utility of this type 
of study was the development of methods that, 
through the process of bacterial biodegradation, 
can purify an environment with microbial 
enzymes, provided that the organisms in question 
can grow in the environment used22.   

In 2009, a team of researchers tested the ability 
of Acinetobacter spp. and Pseudomonas spp. 
colonies to process benzene and toluene using 
microcalorimetry. These organisms had these 
organic solvents as the only source of nutrients and 
managed to significantly degrade them (between 
67% and 94%) in about 72 hours. This 
phenomenon was highlighted with the help of 
microcalorimetry, the bacteria developing growth 
curves in the conditions in which the experiments 
were performed with increasing solvent concentra-
tions from 1% to 70% of the microcalorimetric cell 
volume23.   

In another study conducted in 2010 by Chen et al. 
it has been shown that the rate of inhibition of 
bacterial growth can be calculated depending on the 
concentration of harmful substances in the 
environment, processing by logarithmic microcalo-
rimetric curves. These data can be used in effect 
prediction equations that provided relevant 
information, insignificantly different from the data 
obtained from the experiments, objectifying the 
ability to predict microcalorimetry24.  

THE ROLE OF SONICATION  
IN OPTIMIZING  

MICROBIOLOGICAL DIAGNOSIS 

In orthopedics, for the evaluation of an implant 
infection, it has been shown that intraoperative 
tissue sampling has a sensitivity of 93%, higher 
compared to sampling the pathological product and 
seeding it by classical methods represented by joint 

aspiration or swab harvesting from an active 
fistula, when the sensitivity reaches a value of 
about 70%25. The ability of bacteria to develop 
biofilm is known, which gives them resistance to 
antibiotic treatment and the host immune 
system7,26.   

The generation of biofilm, both at the interface 
with the bone and at the interface with the 
implanted material, is also a problem in 
establishing the correct diagnosis. A modern 
method that comes to the aid of the attending 
physician is sonication, which manages to mobilize 
the bacteria in the biofilm, so that they can be 
subsequently isolated. Using an ultrasound-
producing device, microbial agents can be 
extracted from the sample collected from the 
infected area, thus increasing the sensitivity from 
73% to 91% and the specificity from 93% to 97%, 
as demonstrated by Rak or Sampedro et al.25,27,28.  

In order to make a correct diagnosis, both 
Tunney29 and Trampuz30 together with their teams 
demonstrated that the use of sonication for the 
detachment of the biofilm adherent to the implant 
is a method that increases the identification rate of 
the microbial agent. 

MATERIALS AND METHODS 

EXPERIMENTS PERFORMED  
TO DEMONSTRATE THE REPRODUCIBILITY 

OF MICROCALORIMETRY 

In the perspective of conducting research on 
single-channel microcalorimeters, experimental 
reproducibility is essential. Without demonstrating 
reproducibility and highlighting the factors 
influencing it, some conclusions regarding 
comparisons between experiments performed under 
various experimental conditions are not sufficiently 
supported. The main problem of bacterial 
microcalorimetry performed on single-channel 
apparatus is that the samples (bacterial cultures) must 
be freshly prepared, and have a well-described 
bacterial concentration (it is known that the bacterial 
concentration influences the latency time) and be 
introduced as faster in the calorimeter after 
preparation, because these cultures become 
metabolically active at room temperature and the 
delay in performing the thermal analysis can escape 
the first stage of growth.  

For the experiments we used the following 
organisms Staphylococcus aureus – ATCC 25923 
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(Fig. 1) and Klebsiella pneumonia ATCC 700603 
(Fig. 2). The media were trypticase soy agar (TSA) 
and Mueller-Hinton broth (MHB). The 
experiments performed at 37º C; with a loading 
volume of microcalorimetric cells of 600 µL are 
presented in the figures below. 

WORKING PROTOCOL 

In order to perform experiments with increased 
reproducibility, the stages of preparation of the 
experiments must be performed in the same way 
each time. The first step in developing an 
experiment is to prepare a liquid culture with the 
infectious agent to be investigated. These cultures 
must be freshly prepared for each experiment, 
because over time the number of non-viable 
bacteria accumulates in the investigated 
environment can be misleading by an increased 
artificial nephelometric index. The second 
necessary step is to prepare the samples and 
introduce them into the microcalorimeter as soon 
as possible because the bacteria used have the 
ability to grow at room temperature. If an 
experiment is initiated after a long time from the 
preparation of the sample, the initial growth stage 
 

may be lost. Another very important aspect when 
working with a microcalorimeter is to maintain a 
constant ambient temperature, because the 
appearance of temperature fluctuations in the room 
can cause artifacts on the bacterial growth curve. 
Taking into account the above, we can conclude 
that the development of a working protocol and 
rules of conduct in the room for microcalorimetry 
are essential for successful experiments. 

RESULTS 

In order to correctly evaluate the growth curves 
we proposed some useful parameteres, namely: the 
isoelectric baseline at the beginning of the 
experiment and the return to this line at its end, the 
maximum growth peak reached by the bacterium, 
thermal signal detection and exponential growth. 
Using these parameteres we can characterize raw 
thermograms of bacterial growth or we can 
differentiate the organisms. 

We evaluated the growth of S. aureus and K. 
pneumoniae; the techniques could be use for different 
organisms. As presented in the adjacent figures the 
time interval after which we can identify a growth 
curve, does not exceed 15–20 hours. 

 

 
Figure 1. Graphical representation of the growth curve generated by the heat released by the active metabolism of S. aureus. 

Experiments performed at 37º C, with a microcalorimetric cell load of 600 µL. 
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Figure 2. Graphical representation of the growth curve generated by the heat released by the active metabolism of K. pneumoniae. 

Experiments performed at 37º C, with a microcalorimetric cell load of 600 µL. 
 

 
Figure 3. Graphical representation of the growth curves of the organisms studied and presented in figures 1 and 2, grouped in the 

same graph - to facilitate the observation of differences in thermal “footprint”. 



202Mihnea Gabriel Ioan Popa, Adrian Cursaru, Tudor Vlad Popa, Andrei-Alexandru Muntean, Șerban Bogdan, Bogdan Creţu, Sergiu Iordache and C

DISCUSSIONS 

The physical principle underlying the operation 
of the calorimeter is explained by the transfer of 
heat between two bodies with different 
temperatures, called heatflow, until the two reach a 
thermal equilibrium. The microcalorimeter has the 
ability to record this calorific value by 
transforming it into an electrical signal, generating 
graphs in the form of growth curves when the heat 
difference is recorded between a reference and a 
sample31–33.  

The microcalorimeter has vats into which cells 
used for studies are inserted; these vats manage to 
isolate the cells from the external environment and 
provide a 3 dimensional heat sensor. The ability of 
the microcalorimeter to thermic isolate the cells is 
not perfect, for this reason it is important to 
maintain a constant temperature in the room where 
the experiments take place, because otherwise the 
moments of temperature difference will parasitize 
the signal recorded by the device. Sensitivity is 
beneficial for performing precise experiments, but if 
the working protocol is not followed, procedural 
flaws may occur that invalidate the experiments32–34.  

An important factor in conducting a successful 
experiment is related to how the experiments are 
designed. Formulation of medium and long-term 
goals is essential, because a successful experiment 
is one in which only one property is modified 
(temperature, environment, volume, bacterial 
dilution), and if those who intend to perform 
experiments do not follow a protocol well 
established there is the possibility of conducting 
experiments that do not provide valid information 
because they cannot be interpreted in context10,35.  

CONCLUSIONS 

Microcalorimetry is a method that if applied 
following a very well established protocol can 
provide interesting information on bacterial 
metabolism. The applicability of this method in the 
medical field is possible in many areas so that the 
study is an important step in improving the quality 
of the medical act and in the diagnosis of 
infections.  

In order to be able to use this method in the 
clinical study, numerous experiments are needed to 
be performed, following the impact of as many 
parameters as possible, in order to try to simulate 
the clinical conditions.  

Once sufficient stackable experiments are 
cumulated, by corroborating them, a working 
algorithm can be created with the ability to provide 
information with high sensitivity, quickly and can 
be viewed in real time. 

REFERENCES 

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

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

3. 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 J. 2018;100-B(2):134-142. 

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

5. Ene R, Cîrstoiu M, Cîrstoiu C. Negative Pressure, a 
“Solution” in the Treatment of Infected Knee Prosthesis? 
Maedica. 2015;10(1):5-9. 

6. Shao J, 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 J Surg. 2017;41:176-182. 

7. Mihai MM, Holban AM, Giurcaneanu C, et al. Microbial 
biofilms: impact on the pathogenesis of periodontitis, 
cystic fibrosis, chronic wounds and medical device-
related infections. Curr Top Med Chem. 
2015;15(16):1552-76. 

8. Popa M, Serban B, Cursaru A, et al. Orthopedic surgery 
related infections; study of antibiotic resistance and 
associated comorbidities. ROJOST. 2020;3(1):55-63. 

9. Braissant O, Bonkat G, Wirz D, Bachmann A. Microbial 
growth and isothermal microcalorimetry: Growth models 
and their application to microcalorimetric data. 
Thermochimica Acta. 2013;555:64-71. 

10. Braissant O, Keiser J, Meister I, 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. 

11. Nunomura K, Fujita T. Calorimetric study on the 
endogenous metabolism of yeast. J Gen Applied 
Microbiol. 1981;27(5):357-364. 

12. Backman P, Wadso I. Cell growth experiments using a 
microcalorimetric vessel equipped with oxygen and pH 
electrodes. J Biochem Biophys Methods. 1991;23(4):283-
293. 

13. Criddle RS, Fontana AJ, Rank DR, et al. Simultaneous 
measurement of metabolic heat rate, CO2 production, and 
O2 consumption by microcalorimetry. Anal Biochem. 
1991;194(2):413-417. 

14. Bäckman P, Breidenbach RW, Johansson P, Wadsö I. A 
gas perfusion microcalorimeter for studies of plant tissue. 
Thermochimica Acta. 1995;251:323-333. 

15. Zaharia DC, Muntean A, Popa Mihnea G, et al. 
Comparative analysis of Staphylococcus aureus and 
Escherichia coli microcalorimetric growth. BMC 
Microbiol. 2013;13:171. 



Study of bacterial proliferation using a method that shows bacterial growth depending on the heat released – Microcalorimetry 203 

16. Braissant O, Muller G, Egli A, et al. Seven hours to 
adequate antimicrobial therapy în urosepsis using 
isothermal microcalorimetry. J Clin Microbiol. 
2014;52:624-626. 

17. Trampuz A, Salzmann S, Antheaume J, Daniels AU. 
Microcalorimetry: a novel method for detection of 
microbial contamination in platelet products. 
Transfusion. 2007;47(9):1643-1650. 

18. Popa M, Popa V, Cîrstoiu C, et al.  Microcalorimetric 
growth evaluation of Candida albicans in different 
condition. Rom Biotechnol Lett. 2020;25(6):2140-2147. 

19. Mihailescu R, Furustrand Tafin U, Corvec S, et al. High 
activity of Fosfomycin and Rifampin against 
methicillinresistant Staphylococcus aureus biofilm in vitro 
and in an experimental foreign-body infection model. 
Antimicrob Agents Chemother. 2014;58(5):2547-2553. 

20. Gonzalez Moreno M, Trampuz A, Di Luca M. 
Synergistic antibiotic activity against planktonic and 
biofilm-embedded Streptococcus agalactiae, Streptococcus 
pyogenes and Streptococcus oralis. J Antimicrob 
Chemother. 2017;72(11):3085-3092. 

21. Higuera-Guisset J, Rodríguez-Viejo J, Chacón M, et al. 
Calorimetry of microbial growth using a thermopile based 
microreactor. Thermochim Acta. 2005;427(1):187-191. 

22. Chen H, Yao J, Wang F, et al. Toxicity of three phenolic 
compounds and their mixtures on the gram-positive 
bacteria Bacillus subtilis in the aquatic environment. 
Science Total Environm. 2010;408(5):1043-1049. 

23. Chen HL, Yao J, Wang L, et al. Evaluation of solvent 
tolerance of microorganisms by microcalorimetry. 
Chemosphere. 2009;74(10):1407-1411. 

24. Chen H, Yao J, Wang F, et al. Toxicity of three phenolic 
compounds and their mixtures on the gram-positive 
bacteria Bacillus subtilis in the aquatic environment. 
Science Total Environm. 2010;408(5):1043-1049. 

25. Conlan T, Beebe M, Weinlei C. New Imaging, 
Diagnostic and Assessment Techniques în Orthopedic 
Trauma. Orthop Clin North Am. 2019;50(1):47-56. 

26. Cursaru A, Arama V, Cirstoiu C. The Staphylococcus 
warneri biofilm formatory strain isolation in the 
periprosthetic hip infection by the sonication technique: 
Case report. Research and Science Today. 
2014;supplement 3:14-19. 

27. Rak M, Kavcic M, Trebse R, et al. Detection of bacteria 
with molecular methods în prosthetic joint infection: 
sonication fluid better than periprosthetic tissue. Acta 
Orthop. 2016;87:339-345. 

28. Mihailescu R, Cirstoiu C, Streinu A. The role of 
sonication in the microbiological diagnosis of implant- 
associated infections – the experience of the National 
Institute for Infectious Diseases. . BMC Infectious 
Diseases. 2013;13(Suppl 1):O35. 

29. Tunney MM, Patrick S, Gorman SP, et al. Improved 
detection of infection în hip replacements: a currently 
underestimated problem. J Bone Joint Surg Br. 
1998;80(4):568-72. 

30. Trampuz A, Piper KE, Jacobson MJ, et al. Sonication of 
removed hip and knee prostheses for diagnosis of 
infection. New Engl J Med. 2007;357:654-63. 

31. Calvet EJP. Calorimeter. In. Edited by Patent US, vol. 
3059471, G01N25/48 ed. United States: Calvet, Edouard 
J. P. 1962. 

32. Zaharia DC, Popa M, Steriade AT, et al. 
Microcalorimetry – a new method for bacterial 
characterisation. Pneumologia. 2013;62(4):232-5. 

33. Muntean A. Teză de doctorat: Investigarea în timp real a 
interacțiunii dintre microorganism și antibiotice/ 
chimioterapice prin microcalorimetrie izotermă. 2018:1-
220. 

34. Seebeck TJ. Ueber die Magnetische Polarisation der 
Metalle und Erze durch Temperaturdifferenz. Annalen 
der Physik. 1826;82(3):253-286. 

35. Popa M, Cîrstoiu M, Cîrstoiu C, et al. Algic syndrome in 
osteoarticular infectious pathology; detection and rapid 
treatment of the causative agent using microcalorimetry. 
Filodiritto Editore – Proceedings. 2018:589-594. 

 
 




