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Abstract 

Background:  The global development of innovative antimicrobial drugs and drug design techniques has been 
necessitated by the persistent increase of multidrug resistant infections. Regardless of advances in technology for 
detecting pathogenic bacteria and their resistance genes (DNA-based assays), most bacteriological studies of infec-
tions still use conventional cultural techniques and susceptibility testing as reference standards. Commonly used 
conventional assays such as the disc diffusion test and broth micro-dilution have been effective in defining pathogen 
susceptibility and determining the minimum inhibitory concentration of antimicrobial agents. However, they are 
still prone to error and time consuming, hence, not sufficient in the face of the urgent need for answers to sporadic 
worldwide disease maladies.

Main body:  In this review, we describe a developing but promising method for gauging/measuring the amount of 
energy released when a cell is actively metabolizing, which may then be used to calculate the bacterial cell’s growth 
rate. The isothermal microcalorimetry (IMC) calscreener translate heat production of cellular metabolism which is 
pertinent to the operation of all biological life in demonstrating a more advanced technique for drug design and 
discovery, especially in the area of pathogen-specific chemotherapy.

Conclusion:  The IMC calscreener technology is sacrosanct in establishing the heat levels in microwatt to read the 
metabolic kinematics of biological specimens with emphasis on medically-relevant bacteria within a closed scheme. 
The application of this technology also looks promising in antimicrobial chemotherapy and metal recovery.

Keywords:  Multidrug resistant (MDR) infections, Disc diffusion test (DDT), Broth micro-dilution (BMD), IMC 
calscreener, Heat production, Metabolism
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Background
The swift establishment of the cause/origin of a micro-
bial infection and commencement of pathogen-spe-
cific chemotherapy stands as the key foundation for 

the effective treatment of infections. Even with the 
advancement in technology engaged in the detec-
tion of pathogenic microorganisms and their resistant 
genes (DNA-based assays), the conventional cultural 
techniques and susceptibility testing are still employed 
as reference for bacteriological studies of infections 
(Tellapragada et  al. 2020). Commonly used conven-
tional assays by laboratories globally are disc diffusion 
test (DDT) and broth micro-dilution (BMD) assays for 

Open Access

Bulletin of the National
Research Centre

*Correspondence:  bayodemcbay@gmail.com

1 Department of Microbiology, School of Life Sciences, Federal University 
of Technology, P.M.B. 704, Akure, Nigeria
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-9990-3805
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42269-022-00841-w&domain=pdf


Page 2 of 9Bayode et al. Bulletin of the National Research Centre          (2022) 46:149 

defining the susceptibility of the pathogens and determi-
nation of the minimum inhibitory concentration (MIC) 
of antimicrobial agents.

Minimum inhibitory concentration determination of 
available drugs and novel antimicrobial agents is neces-
sitated by the increase of multidrug resistant (MDR) 
pathogens globally. Some existing systems for automated 
determination of pathogen susceptibility and MIC are 
not error-free when compared to the results obtained 
from BMD (Haffler et  al. 2019; Matuschek et  al. 2018). 
Besides, a large proportion of these automated systems 
require incubation for as long as 18  h to give results 
which are roughly the amount of time required when 
using the conventional DDT and BMD (Tellapragada 
et al. 2020). It therefore remains a major task for medical 
laboratories globally to adopt methods that will provide 
dependable antimicrobial susceptibility and MIC results 
in a short time interval, which will strengthen winning 
the battle against MDR pathogens.

As a rider to these observations, the isothermal micro-
calorimetry (IMC) calscreener has gained prominence 
for gauging/measuring the amount of energy given off 
when a cell is actively metabolising, which in turn can 
be used to measure the growth rate of the bacterial cell. 
The application of IMC calscreener is grounded in its 
ability to measure the energy given off in an isothermal, 
closed system in microwatt (µW), making it a budding 

technique in assaying the growth rate of bacteria with 
respect to the concentration of substrate availability 
(Butini et  al. 2019; Braissant et  al. 2010). Some of the 
advantages of IMC calscreener over conventional assay 
methods for susceptibility testing include increased sen-
sitivity, thereby increasing the propensity for early detec-
tion of resistance or inhibition and also allows for testing 
under varying conditions (including aerobic and anaero-
bic conditions). This technique has also been employed 
to study how antimicrobial agents acts when used at 
minimal concentrations (von Ah et al. 2009). This review 
focuses on the automated peculiarities of the in-vivo and 
in-vitro antimicrobial therapy and metabolism measure-
ment of multidrug resistant bacteria using the IMC cals-
creener. A schematic framework of the utilization of the 
IMC calscreener for metabolism heat production meas-
urement of biological specimens comprising microbes, 
aerobic specimens and anaerobic specimens in real time 
is illustrated in Fig. 1.

Main text
The working principle of the isothermal microcalorimetry 
calscreener: dynamics between biological metabolism 
and heat production
One of the best ways to assess the decrease or increase 
in the microbial population in a culture system is by the 
direct assessment of the metabolic rate. Based on the fact 

Fig. 1  Schematic framework of the isothermal microcalorimetry calscreener in metabolism measurement of biological specimens



Page 3 of 9Bayode et al. Bulletin of the National Research Centre          (2022) 46:149 	

that cell growth is associated with an enthalpy change, it 
is shown that the specific heat flow rate is stoichiometri-
cally related to the net specific rates of substrates, prod-
ucts, and indeed to specific growth rate, and therefore 
a direct reflection of metabolic rate (Guan et  al. 1998). 
All biological or non-biological chemical or physical 
processes either give off energy or absorb energy in the 
form of heat. The heat produced is as a result of oxidative 
breakdown of carbon source by the microbial popula-
tion in the culture. Metabolically-active bacteria gener-
ate energy which is proportional to their growth rate in a 
given culture system (Tellapragada et al. 2020).

Isothermal calorimetry measures the heat flow of bio-
logical processes, which is directly related to the rate at 
which a given chemical or physical process progresses. 
The IMC calscreener machinery is concurrent with the 
categorization of thermodynamic features of macromol-
ecules (Privalov and Dragan 2007), ligand-required inter-
face (Russel et  al. 2009), pathogen proliferation pattern 
and surveying of the inter-relational connection between 
biomolecules and whole cells (Braissant et al. 2013, 2015). 
It employs the working standard of gauging the metabolic 
heat discharge subtleties for observing bacterial systems 
thriving in aerobic, micro-aerobic and anaerobic settings 
(Wadseo et al. 2017). This modus operandi is conceptual-
ized in the marginal heat production proportions in the 
array of little nanowatts and even to sub-nanowatt levels 
for calorimeters on a chip (Maskow et al. 2011). Conse-
quently, this permits the observation of metabolic action 
of active cells in the order of 3000–30,000 active bacteria 
per millimeter.

Additionally, the IMC calscreener reads the overall 
energy as a consequence of altogether biotic, somatic 
and biochemical procedures and responses in a bio-
logical setup, indicating that the energy discharged by 
bacterial systems are proportionate to the overall meta-
bolic responses (Robador et al. 2018). The heat levels in 
a microcalorimeter can be gauged in microwatt (µW) 
to read the metabolic kinematics of bacteria inside a 
closed scheme (Butini et  al. 2019; Tellapragada et  al. 
2020). The high temperature (°C) discharged by bacteria 
is connected to their cellular utilities that highlight their 
metabolism and proportionate cellular biomass.

A case of in‑vitro determination of minimum inhibitory 
concentration (MIC) of superbugs using isothermal 
microcalorimetry calscreener
When bacteria are exposed to antimicrobial agents, there 
is a direct impact on their metabolism, and as a result, 
the amount of energy released is altered. It is on the basis 
of this altered amount of energy released that IMC cals-
creener thrives, and allows for the detection of metabo-
lism metrics and growth rate of superbugs after exposure 

to antimicrobial agents. Tellapragada et  al. (2020) con-
ducted an evaluation of an IMC calscreener to assay the 
MICs of 4 clinical isolates; Escherichia coli, Klebsiella 
pneumoniae, Pseudomonas aeruginosa and Acinetobacter 
baumannii against some common antimicrobial agents. 
The bacterial strains were subjected to sensitivity test-
ing using a list of commonly used antibiotics compris-
ing amikacin, Ciprofloxacin, Cefotaxime, Meropenem, 
Colistin, Tazobactam, Sulbactam, Cefepime, Ceftazidime 
Piperacillin and Minocycline in varying concentrations.

Study outcome revealed that variations existed with the 
different antibiotics tested on the bacterial isolates con-
current with the time of experiment on the IMC system. 
Based on the characteristics of the test bacterial strains, 
there is a possibility for variation in the performance of 
a new susceptibility testing method (Matuschek et  al. 
2018). To ensure proper distribution of the test bacterial 
strains which were obtained from four different hospitals 
across Europe (Tellapragada et al. 2020), bearing in mind 
the proper cognizance of their MICs against common 
antimicrobial agents of medical importance, thus ensur-
ing that the relationship between the IMC system and 
the standard MICs are established. This relationship in 
turn served as the basis to compare and properly evalu-
ate the strength of the IMC system with the conventional 
susceptibility testing methods. The total rates of error 
recorded following the use of the IMC system was found 
to be between 1 and 3.7% amidst the four Gram-negative 
bacteria tested. Some of the inconsistencies observed 
can be elucidated by the difficulties of susceptibility test-
ing reproducibility, which is common to all MIC meth-
ods. This is particularly seen in the interaction of colistin 
and P. aeruginosa as experimented by Tellapragada et al. 
(2020).

Due to the threat posed by multidrug resistance, a syn-
ergism of minocycline and sulbactam was recommended 
as treatment choice for the infections caused by Acineto-
bacter baumannii. Significant error was generated more 
often while trying to establish the MICs for minocycline 
and sulbactam, which has also been reported to be dif-
ficult when using other methods of susceptibility testing 
(Fernandez-Cuenca et  al. 2017). It therefore became a 
necessity to further evaluate the IMC calscreener method 
for propensity to predict the MICs for the two antibiot-
ics. A large pool of A. Baumannii strains which com-
prises of both the resistant phenotypes and the wild-type 
were used to arrive at logical inferences. In general, the 
relationship between the IMC methods with the refer-
ence method used presented an agreement which fluctu-
ated between 90 to 100%, at 96.3% average. It is however 
important to say that the IMC method is a very sensitive 
testing approach, and like every other susceptibility test-
ing methods, can generate inconsistent outcomes which 
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could arise as a consequence of error in pipetting or con-
taminations (Fernandez-Cuenca et al. 2017).

The study by Tellapragada et  al. (2020) has revealed 
that the MICs of Gram-negative bacteria can be deter-
mined based on their metabolic activity by applying 
the IMC calscreener. It was also revealed that the IMC 
method generated faster results for MICs in some bacte-
rial strains than the reference method. The IMC method 
also allowed the monitoring of the bacterial growth rates 
in real-time under the influence of respective antibiotics.

Pseudomonas aeruginosa is a Gram-negative organ-
ism common in the environment and clinical setting 
(Alabi et  al. 2021). It is an important disease pathogen 
in humans particularly in infections that affect cystic 
fibrosis patients (Alabi et  al. 2021). Infections with this 
pathogen portends serious problem mainly because of 
its natural and acquired resistance to antibiotics (Mielko 
et  al. 2019). Additionally, its inclination to inhabit sur-
faces makes the cellular membranes numb to antimicro-
bials at curative dimensions (Wu and Li 2015), thereby 
making its biofilms measurement to ascertain the bac-
terium infectivity intensity paramount. The IMC cals-
creener is capable of measuring the energy released in 
an isothermal, closed system at microwatt levels and this 
property makes it a potential tool to study the growth 
kinetics of bacteria as demonstrated in the metabolism 
dimension of clinically-significant P. aeruginosa biofilms 
(Braissant et al. 2010; Butini et al. 2019).

Isothermal microcalorimetry calscreener in in‑vivo 
and in‑vitro antimicrobial therapy
There are automated methods that can be used for the 
detection of activity of antibiotics including determina-
tion of MIC (Felmingham and Brown 2001). The isother-
mal microcalorimetry calscreener (IMC) works real-time 
for the detection of the antimicrobial agents’ activity by 
measuring the energy released by superbugs which would 
vary depending on the effect of antimicrobial agents. Fur-
thermore, it can be used to determine the MIC of antimi-
crobial agents’ in-vivo and in-vitro (von Ah et al. 2009) as 
well as evaluating the synergistic activity of two antibiot-
ics (Tellapragada et al. 2020). von Ah et al. (2009) investi-
gated the antimicrobial activity and determined the MIC 
of cefazolin, cefoxitin, ampicillin, piperacillin, aztreonam, 
amikacin, gentamicin, vancomycin, chloramphenicol, 
erythromycin, tetracycline and ciprofloxacin against E. 
coli, Staphylococcus aureus, P. aeruginosa, Enterococcus 
faecalis and Streptococcus agalactiae employing the IMC 
calscreener.

Tellapragada et  al. (2020) evaluated the activity of an 
IMC method in the determination of the MIC of some 
multidrug resistant Gram-negative rods. E. coli, K. pneu-
moniae, P. aeruginosa and A. baumannii were tested 

and concluded that IMC calscreener was able to deter-
mine the MIC of the antibiotics; Amikacin (4e16 mg/L), 
Cefotaxime (0.12e4 mg/L), Ciprofloxacin (0.03e1 mg/L), 
Meropenem (0.06e16 mg/L) and Piperacillin/tazobactam 
(2e32  mg/L) against the pathogens studied. The use of 
IMC is greatly reproducible as proven by Tellapragada’s 
study conducted in four European countries comprising 
Sweden, Spain, Italy and the Netherlands. Braissant et al. 
(2010) reported that the MIC values determined using 
microcalorimetry and that of Clinical Laboratory Stand-
ard Institute (CLSI) are analogous but the microcalorim-
etry has an edge as regards the activity of antibiotics at 
sub-inhibitory concentrations.

The susceptibility and MIC of Mycobacterium sp to 
amikacin, clarithromycin, linezolid and ciprofloxacin was 
evaluated using IMC (Boillat-Blanco et al. 2015). von Ah 
et al. (2018) also determined the susceptibility of mixed 
bacterial culture to antibiotics as well as the MIC. Addi-
tionally, IMC has been used to determine the suscepti-
bility of yeasts to antimicrobials (Astasov-Frauenhoffer 
et  al. 2020) which supports the claims that IMC (Iso-
thermal microcalorimetry calscreener) have been used 
not only in in-vitro analysis but also in in-vivo studies. 
In the determination of synergism between two antibi-
otics, Kasper et  al. (2021) investigated the effectiveness 
of Meropenem when combined with colistin, rifampicin 
and amikacin against E. coli, K. pneumoniae, P. aerugi-
nosa, and A. baumanii by measuring the metabolic activ-
ity. The result of the study suggested a prediction of an 
additive and synergistic drug combination for the treat-
ment of multidrug resistant infection based on the meta-
bolic readout. Wang et  al. (2019) also investigated the 
synergistic activity of three antibiotics; fosfomycin, cipro-
floxacin and gentamicin against E. coli and P. aeruginosa 
from patients with prosthetic joint associated infection 
and their anti-biofilm activity using the IMC calscreener.

Biofilm formation in bacteria and isothermal 
micro‑calorimetry calscreener
Butini et al. (2018a, b) analyzed the activity of frequently 
set antimicrobial agent on two laboratory strains of S. 
aureus executed by IMC. Study demonstrated that both 
planktonic-entrenched methicillin-resistant and methy-
cillin-susceptible S. aureus were liable to glycopeptide 
antimicrobials employed (EUCAST 2017), whereby an 
appreciably elevated proportions of anti-staphylococcal 
drugs were required to exterminate the biofilm of the S. 
aureus species. Staphylococcus aureus biofilm constitute 
a key role in metal implant-causing maladies. The mount-
ing usage in metal implants fosters the advancement of 
infections intricated to manage due to S. aureus forming 
biofilm on in-dwelling metallic surface thereby eliciting 
potential risk of Staphylococcus aureus-caused infections 
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in the human body (Butini et  al. 2018a, b). Contempo-
rary curative preferences comprise antimicrobials with 
inhibitory bactericidal and bacteriostatic tendencies 
both as solo and synergistic regimens adopting mainly 
glycopeptides; vancomycin, daptomycin, rifampicin and 
fosfomycin as treatment modes (Butini et  al. 2018a, b). 
Vancomycin is a chief pharmaceutical alternative for the 
preventing and treating of enveloping staphylococcal 
infections (Liu et al. 2011), though, the glycopeptide elicit 
a measured bactericidal action on Gram-positive bacteria 
(Ghareeb et al. 2021).

Staphylococcus aureus is a pathogenic organism 
accountable for an extensive assortment of bacterial 
infections with human anatomic bearings comprising 
bloodstream, respiratory tract, skin, and bone (Kuroda 
et  al. 2001; Tong et  al. 2015). Staphylococcus aureus as 
well inhabits the tissues of the necrosis and non-living 
surfaces, thereby forming biofilms (Arciola et  al. 2015). 
Inside a biofilm, a bacterium is entrenched in an extra-
cellular milieu, building up into a multifaceted bacterial 
enclave presenting serviceable and structural diversity 
(Zimmerli et al. 2004).

For in-vivo studies, the biofilm extracellular milieu 
might shield the entrenched bacterial cells from the 
assault of some chemotherapeutic agents and host 
immune framework (Bjarnsholt et  al. 2013). Biofilms 
are also exemplified by cells with a dawdling and non-
growing physical characteristic, which are able to adapt 
in conjunction with elevated portions of bactericidal 
antimicrobials (Lewis 2005), consequently eliciting dis-
ease reoccurrence. A good epitome of persister cells in S. 
aureus symbolizes a diminutive proportion of a microbial 
population, which are hereditarily prone with pheno-
typic recalcitrance to chemotherapeutic agents owing to 
their non-growing inert state (Fisher et  al. 2017; Grassi 
et  al. 2017). Persistence is, hence, strikingly dissimilar 
from resistance, which is an innate ability attained by the 
entirety of the microbial population and it denotes the 
tendency of bacteria to proliferate in tandem with soar-
ing proportions of antibiotics with non-dependence on 
the infection management interval (Scholar and Pratt 
2000; Brauner et al. 2016).

The purpose of antimicrobial vulnerability is of elemen-
tal significance throughout the advanced modus operandi 
of novel antimicrobial drugs´ discovery, and in forecasting 
probable restorative upshot during the chemotherapeu-
tic cure of an infection. About 80% of human infections 
are due to immobile bacteria, the adoption of biofilm-
explicit antimicrobial assay is desirable (Percival et  al. 
2015; Ciofu et  al. 2017). This elicited the idea of the iso-
thermal microcalorimetry calscreener (IMC) which is an 
extremely responsive procedure that facilitate an instan-
taneous screening of bacterial practicability in terms of 

metabolism-associated heat fabrication (Braissant et  al. 
2010). This scheme is an extensively used and validated 
for testing the anti-biofilm action of diverse antimicrobial 
combinations, comprising antibacterial agents (Oliva et al. 
2014; Butini et al. 2018a, 2018b; Casadidio et al. 2018), anti-
fungals (Furustrand et al. 2013) and bacteria-eaters (Tkh-
ilaishvili et al. 2018a, 2018b).

Application of the IMC for establishing the microbial 
activities of clinical and ecological bacteria
Isothermal micro-calorimetry calscreener (IMC) has been 
utilized in a variety of microbiological fields. The possibili-
ties are demonstrated through medical and environmen-
tal applications (Table 1). It is a widely used technique for 
determining the amount of energy emitted during meta-
bolic activities in a biological system. In addition, when it 
comes to investigating AST, IMC provides various advan-
tages over standard test methodologies (Tellapragada et al. 
2020). IMC is particularly useful in environmental microbi-
ology for measuring bacterial activity without the need to 
culture species separately or add radio-labeled, fluorescent, 
or chromogenic substrates. As a result, IMC is a great sup-
plement to molecular research. Many different processes 
have been investigated using IMC.

Rong et  al. (2007) identified three broad types of soil-
related IMC research. These are: (1) microbial activity 
detection and quantification, (2) organic pollutant toxicity 
and degradation monitoring, and (3) risk assessment linked 
with heavy metal (and metalloid) pollution (Braissant et al. 
2010) (Table 1). It was discovered that viable cell counts of 
bacteria and fungi were significantly connected to IMC-
measured heat generation as regards detecting and quanti-
fying microbial activity (Russel et al. 2009).

In medical microbiology, early and correct identifica-
tion of infectious disease is vital because proper diagnosis 
can increase the effectiveness of treatments and help the 
infected patient avoid long-term problems (Braissant et al. 
2010). Rapid isothermal micro-calorimetric detection of 
bacterial infection or contamination is one notable medi-
cal application, which is crucial in promptly executing the 
appropriate treatment (Braissant et  al. 2010). IMC can 
detect bacterial contamination of donated blood platelets 
in as short as a few hours, according to recent research. 
IMC can be used to determine MICs in Gram-negative 
bacteria that are extensively drug-resistant as juxtaposed by 
Butini et al. (2019).

Isothermal microcalorimetry calscreener (IMC): case 
of the relationship between mineral‑influenced microbial 
population in bioleaching and microbially‑induced 
corrosion (MIC)
Didi et  al. (2017) reported that bioleaching operations, 
microbial colonization of mineral ore is crucial for 
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successful mineral solubilisation and metal recovery. An 
improved comprehension of the mechanisms and behav-
iours by which microorganisms cling to and colonize 
mineral surfaces could aid bioleaching (Didi et al. 2017). 
Direct measurement of metabolic activity of mineral-
related cells is difficult and has not been proved effec-
tively in heap leaching ore beds. The metabolic activity 
of a mixed mesophilic culture colonizing the mineral 
surface was measured using the isothermal microcalo-
rimetry (IMC) calscreener as demonstrated by Didi et al. 
(2017). As a rider to this, Abbass and co-workers’ study 
on weight loss, electrochemistry, and scanning electron 
microscopy (SEM) investigations of 1-butylpyrrolidinium 
chloride ionic liquid as an environmentally-friendly rust 
inhibitor for oilfield equipment (Abbas et al. 2019) could 
aid in the utilization of the IMC in electrochemistry for 
the control of microbially-induced corrosion of oil pipes 
via the metabolism depth and possibly for metal recov-
ery. El-Shamy and co-workers’ report on the control of 
corrosion and microbial corrosion of steel pipelines in 

salty milieu by polyacrylamide (El-Shamy et  al. 2016) 
also represent a promising approach that can be applied 
incorporating the IMC calscreener for metal recovery as 
similarly demonstrated by Didi et  al. (2017). El-Shamy 
and Bar’s work on the peculiarity of ionic liquid as water 
solvable and budding inhibitor in microbial corrosion, 
and for iron artifacts (El-Shamy and Bar 2021) also 
highlights the possible application of environmentally-
harmless chemicals and the IMC calscreener by meta-
bolic activity measurement. Additionally, Shehata and 
associates’ observations from the antibacterial impact 
of two ionic liquids (1-(2-hydroxyethyl)-3-methylimida-
zolinium chloride and 1-ethyl-3-methyleimidazolinium 
chloride) and their corrosion inhibition output (Shehata 
et al. 2020) also buttress the possibility of the IMC cals-
creener in the metal preservation and recovery using 
ionic liquid chemicals. Moreso, El-Shamy’s review on the 
biological-killing effect of some chemical structures on 
the sulphate-reducing bacteria (SRB) and nitrate-reduc-
ing bacteria (NRB) responsible for microbial corrosion 

Table 1  Peculiarities of the isothermal microcalorimetry calscreener (IMC) in medical microbiology applications

Microbiological application Specificity of application References

Medical microbiological application The detection of bacterial contamination in 
donated blood platelets

Trampuz et al. (2007)

The determination of inhibitory effects for diverse 
antimicrobial compounds and microorganisms

Xi et al. (2002), Yang et al. (2008) and von Ah et al. 
(2009)

The determination of heat flow in the growth pat-
tern medically-relevant bacteria

Von Ah et al. (2008) and Baldoni et al. (2009)

Distinguishing the growth rates of methycillin-sus-
ceptible Staphylocococcus aureus from methycillin-
resistant Staphylococcus aures

von Ah et al. (2008) and Baldoni et al. (2009)

The measurement of the growth and heat of 
adsorption in mouth bacteria (halophilic bacteria) 
on surfaces in dentistry

Hauser-Gerspach et al. (2008)

The examination of viral maladies and antiviral 
compounds activity via high heat emission from 
infected cells in contrast to the uninfected control 
cells

Tan and Lu (1999) and Heng et al. (2005)

Environmental microbiological application The assessment of ecological bacterial activities in 
lake and marine sediments via heat production

Pamatmat and Bhagwat (1973) and Pamatmat et al. 
(1981)

The measurement of the heat production of lake 
sediments comprising mixed cohorts of anaerobes, 
fermenters and aerobes

Haglund et al. (2003)

The observational studies on the relational dynam-
ics of heat production on adenosine triphosphate 
(ATP) and dehydrogenases assay (triphenyltetrazo-
lium and iodonitrotetrazolium chloride) in Caeno-
rhabditis elegans

Braeckman et al. (2002)

The measurement of the heat production of aquatic 
protists in ascertaining the allometric relativity, 
amidst mass, surface area, and metabolic rate

Johnson et al. (2009)

The investigation of the microbial population, 
organic organic acid contaminant/toxicity and 
heavy metal contamination by heat production in 
soil microbiology

Rong et al. (2007) and Critter et al. (2002)

The assessment of soil composting processes Laor et al. (2004)
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(El-Shamy 2020) also strengthens the hypothesis for the 
application of the IMC calscreener in metal recovery of 
oil and gas pipelines. The antibacterial and anti-corro-
sion properties of Trifluoromethylsulfonate of 1-butyl-
1-methylpyrrolidinium for the effectual inhibition of the 
planktonic and stalkless bacterial growth with strong 
efficiency as reported by El-Shamy et al. (2015) also aided 
the possibilities of employing the metabolic kinematic 
dynamics of the IMC calscreener in metallic compounds 
recovery. El-Shamy’s research outcome on the utilization 
of cinnamaldehyde at room temperature and pressure 
on carbon steel in 3.5% saline condition (El-Shamy et al. 
2020) could further emphasize the probable utilization 
of the IMC calscreener for corrosion inhibition of metal 
surfaces.

Conclusions
Isothermal microcalorimetry (IMC) calscreener has 
become a more prominent tool in in-vivo and in-vitro 
antimicrobial therapy. It is based on the principle of 
measuring energy from cell metabolism and hence has 
high sensitivity in measuring early detection of resist-
ance/inhibition of multidrug resistance bacteria. The 
energy released in an isothermal, closed system at micro-
watt levels makes the IMC a potential tool to study the 
growth kinetics of bacteria in real-time under the influ-
ence of respective antibiotics. It is also extensively used 
and validated for testing the anti-biofilm action of diverse 
antimicrobial combinations, comprising antibacterial 
agents. Isothermal micro-calorimetry (IMC) calscreener 
should be more preferred in accessing the automated 
peculiarities of in-vivo and in-vitro antimicrobial therapy 
and metabolism measurement of multidrug resistant 
bacteria with possible applications in metal recovery.

Abbreviations
DDT: Disc diffusion test; BMD: Broth micro-dilution; MIC: Minimum inhibitory 
concentration; MDR: Multidrug resistant; IMC: Isothermal microcalorimetry 
calscreener; CLSI: Clinical Laboratory Standard Institute; EUCAST: European 
committee on antimicrobial susceptibility testing; AST: Antibiotic susceptibil-
ity test; SEM: Scanning electron microscopy; SRB: Sulphate-reducing bacteria; 
NRB: Nitrate-reducing bacteria.

Acknowledgements
The authors recognize the scholars whose literature studies have been cited 
to write this review article.

Author contributions
MTB designed the concept of the review and drafted the model. MAA, OJB, 
MES, BTL, AFO performed the literature survey and formatting. MOE and DIL 
performed a plagiarism check and structure the review. MAA proofread the 
manuscript. All authors read and approved the final manuscript draft.

Funding
None was received.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Microbiology, School of Life Sciences, Federal University 
of Technology, P.M.B. 704, Akure, Nigeria. 2 Department of Biochemistry, School 
of Life Sciences, Federal University of Technology, P.M.B. 704, Akure, Nigeria. 

Received: 22 April 2022   Accepted: 15 May 2022

References
Abbas MA, Zakaria K, El-Shamy AM, El Abedin SZ (2019) Utilization of 1-butyl-

pyrrolidinium chloride ionic liquid as an eco-friendly corrosion inhibitor 
and biocide for oilfield equipment: combined weight loss, electrochemi-
cal and SEM studies. Z Phys Chem 235(4):377–406. https://​doi.​org/​10.​
1515/​zpch-​2019-​1517

Alabi MA, Bayode MT, Adesanya JA, Aina IF (2021) Antibiotics sensitivity profile 
of Pseudomonas aeruginosa isolated from wound swabs and urine 
samples from University of Medical Sciences Teaching Hospital, Akure, 
Nigeria. South Asian J Res Microbiol 9(4):1–9. https://​doi.​org/​10.​9734/​
SAJRM/​2021/​v9i43​0213

Arciola CR, Campoccia D, Ravaioli S, Montanaro L (2015) Polysaccharide inter-
cellular adhesin in biofilm: structural and regulatory aspects. Front Cell 
Infect Microbiol. https://​doi.​org/​10.​3389/​fcimb.​2015.​00007

Astasov-Frauenhoffer M, Tobler D, Waltimo T, Braissant O (2020) Isothermal 
microcalorimetric determination of the inhibition of Candida species by 
antifungals. Thermochim Acta 694:178806. https://​doi.​org/​10.​1016/j.​tca.​
2020.​178806

Baldoni D, Hermann H, Frei R, Trampuz A, Steinhuber A (2009) Performance of 
microcalorimetry for early detection of methicillin resistance in clinical 
isolates of Staphylococcus aureus. J Clin Microbiol 47:774–776

Bjarnsholt T, Ciofu O, Molin S, Givskov M, Hoiby N (2013) Applying insights 
from biofilm biology to drug development: can a new approach be 
developed? Nat Rev Drug Dis 12(10):791–808. https://​doi.​org/​10.​1038/​
nrd40​00

Boillat-Blanco N, Furustrand-Tafin U, Jaton K, Trampuz A (2015) Susceptibility 
testing of Mycobacterium abscessus by isothermal microcalorimetry. Diag 
Microbiol Infect Dis 83(2):139–143. https://​doi.​org/​10.​1016/j.​diagm​icrob​
io.​2015.​06.​006

Braeckman BP, Houthoofd K, De Vreese A, Vaneteren JR (2002) Assaying 
metabolic activity in ageing Caenorhabditis elegans. Mech Ageing Dev 
123:105–119. https://​doi.​org/​10.​1016/​s0047-​6374(01)​00331-1

Braissant O, Wirz D, Geopfert B, Daniels AU (2010) Use of isothermal micro-
calorimetry to monitor microbial activities. FEMS Microbiol Lett 303:1–8. 
https://​doi.​org/​10.​1111/j.​1574-​6968.​2009.​01819.x

Braissant O, Bonkat G, Wirz D, Bachmann A (2013) Microbial growth and 
isothermal microcalorimetry: growth models and their application to 
microcalorimetric data. Thermochim Acta 555:64–71. https://​doi.​org/​10.​
1016/j.​tca.​2012.​12.​005

Braissant O, Keiser J, Meister I, Bachmann A, Wirz D, Geopfert B, Bonkat G, 
Wadseo I (2015) Isothermal microcalorimetry accurately detects bacteria, 
timorous microtissues, and parasitic worms in a label-free well-plate 
assay. Biotechnol J 10:460–468. https://​doi.​org/​10.​1002/​biot.​20140​0494

Brauner A, Fridman O, Gefen O, Balaban NQ (2016) Distinguishing between 
resistance, tolerance and persistence to antibiotic treatment. Nat Rev 
Microbiol 14(5):320–330. https://​doi.​org/​10.​1038/​nrmic​ro.​2016.​34

Butini ME, Cabric S, Trampuz A, Di Luca M (2018a) In-vitro anti-biofilm activity 
of a biphasic gentamicin-loaded calcium sulfate/hydroxyapatite bone 

https://doi.org/10.1515/zpch-2019-1517
https://doi.org/10.1515/zpch-2019-1517
https://doi.org/10.9734/SAJRM/2021/v9i430213
https://doi.org/10.9734/SAJRM/2021/v9i430213
https://doi.org/10.3389/fcimb.2015.00007
https://doi.org/10.1016/j.tca.2020.178806
https://doi.org/10.1016/j.tca.2020.178806
https://doi.org/10.1038/nrd4000
https://doi.org/10.1038/nrd4000
https://doi.org/10.1016/j.diagmicrobio.2015.06.006
https://doi.org/10.1016/j.diagmicrobio.2015.06.006
https://doi.org/10.1016/s0047-6374(01)00331-1
https://doi.org/10.1111/j.1574-6968.2009.01819.x
https://doi.org/10.1016/j.tca.2012.12.005
https://doi.org/10.1016/j.tca.2012.12.005
https://doi.org/10.1002/biot.201400494
https://doi.org/10.1038/nrmicro.2016.34


Page 8 of 9Bayode et al. Bulletin of the National Research Centre          (2022) 46:149 

graft substitute. Colloids Surf Biointerfaces 161:252–260. https://​doi.​org/​
10.​1016/j.​colsu​rfb.​2017.​10.​050

Butini ME, Gonzalez Moreno M, Czuban M, Koliszak A, Tkhilaishvili T, Trampuz 
A (2018b) Real-time antimicrobial susceptibility assay of planktonic 
and biofilm bacteria by isothermal microcalorimetry. Adv Exp Med Biol. 
https://​doi.​org/​10.​1007/​5584_​2018_​291

Butini ME, Abbandonato G, Di-Rienzo C, Trampuz A, Di-Luca M (2019) Isother-
mal microcalorimetry detects the presence of persister cells in a Staphylo-
coccus aureus biofilm after vancomycin treatment. Front Microbiol 10:332. 
https://​doi.​org/​10.​3389/​fmicb.​2019.​00332

Casadidio C, Butini ME, Trampuz A, Di Luca M, Censi R, Di Martino P (2018) 
Daptomycin-loaded biodegradable thermo-sensitive hydrogels enhance 
drug stability and foster bactericidal activity against Staphylococcus 
aureus. Eur J Pharm Biopharm 130:260–271

Ciofu O, Rojo-Molinero E, Macià MD, Oliver A (2017) Antibiotic treatment of 
biofilm infections. All Purp Med Inf Syst 125(4):304–319. https://​doi.​org/​
10.​1111/​apm.​12673

Critter SAM, Freitas SS, Airoldi C (2002) Comparison between microorganism 
counting and a calorimetric method applied to tropical soils. Thermo-
chim Acta 394:133–144

Didi XM, Robert JH, Marijke AF, Susan TLH (2017) Using isothermal micro-
calorimetry to measure the metabolic activity of the mineral-associated 
microbial community in bioleaching. Miner Eng 2017:1–6. https://​doi.​
org/​10.​1016/j.​mineng.​2016.​12.​012

El-Shamy AM (2020) A review on: biocidal activity of some chemical struc-
tures and their role in mitigation of microbial corrosion, Egypt. J Chem 
63(12):5251–5267. https://​doi.​org/​10.​21608/​ejchem.​2020.​32160.​2683

El-Shamy AM, Bar MMA (2021) Ionic liquid as water soluble and potential 
inhibitor for corrosion and microbial corrosion for iron artifacts, Egypt. 
J Chem 64(4):1867–1876. https://​doi.​org/​10.​21608/​ejchem.​2021.​43786.​
2887

El-Shamy AM, Zakaria K, Abbas MA, El Abedin SZ (2015) Anti-bacterial and 
anti-corrosion effects of the ionic liquid 1-butyl-1-methylpyrrolidinium 
trifluoromethyl sulfonate. J Mol Liq 211:363–369. https://​doi.​org/​10.​
1016/j.​molliq.​2015.​07.​028

El-Shamy AM, Zohdy KM, El-Dahan HA (2016) Control of corrosion and micro-
bial corrosion of steel pipelines in salty environment by polyacrylamide. 
Ind Chem 2(120):1–5. https://​doi.​org/​10.​4172/​2469-​9764.​10001​20

El-Shamy AM, Mohamed FA, Saad WM, El-Bindary AA (2020) Theoretical 
modeling and electrochemical behaviour of corrosion and microbial cor-
rosion of carbon steel pipelines. Int J Sci Eng Res 11(9):1599–1608

EUCAST (2017) The European Committee on Antimicrobial Susceptibility 
Testing. Breakpoint tables for interpretation of MICs and zone diameters. 
Version 7.1, 2017. http://​www.​eucast.​org

Felmingham D, Brown DFJ (2001) Instrumentation in antimicrobial susceptibil-
ity testing. J Antimicrob Chemother 48(suppl_1):81–85. https://​doi.​org/​
10.​1093/​jac/​48.​suppl_1.​81

Fernandez-Cuenca F, Tomas M, Caballero-Moyano FJ, Bou G, Pascual A (2017) 
Reporting antimicrobial susceptibilities and resistance phenotypes in Aci-
netobacter sp.: a nationwide proficiency study. J Antimicrob Chemother 
73:692–697. https://​doi.​org/​10.​1016/j.​eimc.​2021.​11.​011

Fisher RA, Gollan B, Helaine S (2017) Persistent bacterial infections and 
persister cells. Nat Rev Microbiol 15(8):453–464. https://​doi.​org/​10.​1038/​
nrmic​ro.​2017.​42

Furustrand TU, Orasch C, Trampuz A (2013) Activity of antifungal 574 combina-
tions against Aspergillus species evaluated by isothermal microcalorime-
try. Diag Microbiol Infect Dis 77(1):31–36. https://​doi.​org/​10.​1016/j.​diagm​
icrob​io.​2013.​06.​004

Ghareeb DA, Saleh SR, Nofal MS, Kaddah MM, Hassan S, Seif IK, El-Demellawy 
MA (2021) Potential therapeutic and pharmacological strategies for SARS-
CoV2. J Pharm Investig 51(3):281–296

Grassi L, Di Luca M, Maisetta G, Rinaldi AC, Esin S, Trampuz A (2017) Genera-
tion of persister cells of Pseudomonas aeruginosa and Staphylococcus 
aureus by chemical treatment and evaluation of their susceptibility to 
membrane-targeting agents. Front Microbiol 8:1917. https://​doi.​org/​10.​
3389/​fmicb.​2017.​01917

Guan Y, Evans PM, Kemp RB (1998) Specific heat flow rate: an on-line monitor 
and potential control variable of specific metabolic rate in animal cell 
culture that combines microcalorimetry with dielectric spectroscopy. 
Biotechnol Bioeng 58(5):464–477

Haffler ZJ, Kulengowski B, Ribes JA, Burgess DS (2019) Evaluation of the BD 
Phoenix™ automated system for determining antimicrobial susceptibility 
against carbapenem-resistant Enterobacteriaceae compared to broth 
microdilution. Int J Antimicrob Agents 54:249–254. https://​doi.​org/​10.​
1016/j.​ijant​imicag.​2019.​05.​002

Haglund AL, Lantz P, Törnblom E, Tranvik L (2003) Depth distribution of active 
bacteria and bacterial activity in lake sediment. FEMS Microbiol Ecol 
46:31–38

Hauser-Gerspach I, Scandiucci de Freitas P, Daniels AU, Meyer J (2008) Adhe-
sion of Streptococcus sanguinis to glass surfaces can be measured by 
isothermal microcalorimetry (IMC). J Biomed Mater Res 85B:42–49

Heng Z, Congyi Z, Cunxin W, Jibin W, Chaojiang G, Jie L, Yuwen L (2005) Micro-
calorimetric study of virus infection: the effects of hyperthermia and a 1b 
recombinant homo interferon on the infection process of BHK-21 cells by 
foot and mouth disease virus. J Therm Anal Calorim 79:45–50

Johnson MD, Völker J, Moeller HV, Laws E, Breslauer KJ, Falkowskia PG (2009) 
Universal constant for heat production in protists. Proc Natl Acad Sci USA 
106:6696–6699

Kasper NK, Desiree G, Ainhize M, Alberto A, Marco C, Mette K, Stephanie C, 
Tellapragada C, Badrul H, Stine R, Corné V, van Wamel W, Annelies V, 
Christian GG, Gian-Maria R, Rafael C, Frimodt-Møller N (2021) Effective 
antimicrobial combination in-vivo treatment predicted with microcalo-
rimetry screening. J Antimicrob Chemother 76:1001–1009

Kuroda M, Ohta T, Uchiyama I, Baba T, Yuzawa H, Kobayashi I, Cui L, Oguchi 
A, Aoki K, Nagai Y, Lian J, Ito T, Kanamori M, Matsumaru H, Maruyama A, 
Murakami H, Hosoyama A, Mizutani-Ui Y, Takahashi NK, Sawano T (2001) 
Whole genome sequencing of methycillin-resistant Staphylococcus 
aureus. Lancet 357(9264):1225–1240. https://​doi.​org/​10.​1016/​s0140-​
6736(00)​04403-2

Laor Y, Raviv M, Borisover M (2004) Evaluating microbial activity in composts 
using microcalorimetry. Thermochim Acta 420:119–125

Lewis K (2005) Persister cells and the riddle of biofilm survival. Biochemistry 
(mosc) 70(2):267–274. https://​doi.​org/​10.​1007/​s10541-​005-​0111-6

Liu C, Bayer A, Cosgrove SE, Daum RS, Fridkin SK, Gorwitz RJ (2011) Clinical 
practice guidelines by the infectious diseases’ society of America for the 
treatment of methicillin resistant Staphylococcus aureus infections in 
adults and children: executive summary. Clin Infect Dis 52(3):285–292. 
https://​doi.​org/​10.​1093/​cid/​cir034

Maskow T, Schubert T, Wolf A, Buchholz F, Regestein L, Buechs J, Mertens F, 
Harms H (2011) Potentials and limitations of miniaturized calorimeters for 
bioprocess monitoring. Appl Microbiol Biotechnol 92:55–66. https://​doi.​
org/​10.​1007/​s00253-​011-​3497-7

Matuschek E, Ahman J, Webster C, Kahlmeter G (2018) Antimicrobial suscep-
tibility testing of colistin evaluation of seven commercial MIC products 
against standard broth microdilution for Escherichia coli, Klebsiella pneu-
moniae, Pseudomonas aeruginosa, and Acinetobacter spp. Clin Microbiol 
Infect 24:865–870

Mielko KA, Jabłoński SJ, Milczewska J, Sands D, Łukaszewicz M, Młynarz P 
(2019) Metabolomic studies of Pseudomonas aeruginosa. World J Micro-
biol Biotechnol. https://​doi.​org/​10.​1007/​s11274-​019-​2739-1

Oliva A, Furustrand Tafin U, Maiolo EM, Jeddari S, Betrisey B, Trampuz A (2014) 
Activities of fosfomycin and rifampin on planktonic and adherent Entero-
coccus faecalis strains in an experimental foreign-body infection model. 
Antimicrob Agents Chemother 58(3):1284–1293. https://​doi.​org/​10.​1128/​
aac.​02583-​12

Pamatmat MM, Bhagwat AM (1973) Anaerobic metabolism in Lake Washing-
ton sediments. Limnol Oceanogr 18:611–627

Pamatmat MM, Graf G, Bengtsson W, Novak CS (1981) Heat production, ATP 
concentration and electron transport activity of marine sediments. Mar 
Ecol Prog Ser 4:135–143

Percival SL, Suleman L, Vuotto C, Donelli G (2015) Healthcare-associated infec-
tions, medical devices and biofilms: risk, tolerance and control. J Med 
Microbiol 64(Pt 4):323–334. https://​doi.​org/​10.​1099/​jmm.0.​000032

Privalov PL, Dragan AI (2007) Microcalorimetry of biological macromolecules. 
Biophys Chem 126:16–24

Robador A, LaRowe DE, Finkel SE, Amend JP, Nealson KH (2018) Changes in 
microbial energy metabolism measured by nanocalorimetry during 
growth phase transitions. Front Microbiol 9:109

Rong XM, Huang QY, Jiang DH, Cai P, Liang W (2007) Isothermal microcalo-
rimetry: a review of applications in soil and environmental sciences. 
Pedosphere 17:137–145

https://doi.org/10.1016/j.colsurfb.2017.10.050
https://doi.org/10.1016/j.colsurfb.2017.10.050
https://doi.org/10.1007/5584_2018_291
https://doi.org/10.3389/fmicb.2019.00332
https://doi.org/10.1111/apm.12673
https://doi.org/10.1111/apm.12673
https://doi.org/10.1016/j.mineng.2016.12.012
https://doi.org/10.1016/j.mineng.2016.12.012
https://doi.org/10.21608/ejchem.2020.32160.2683
https://doi.org/10.21608/ejchem.2021.43786.2887
https://doi.org/10.21608/ejchem.2021.43786.2887
https://doi.org/10.1016/j.molliq.2015.07.028
https://doi.org/10.1016/j.molliq.2015.07.028
https://doi.org/10.4172/2469-9764.1000120
http://www.eucast.org
https://doi.org/10.1093/jac/48.suppl_1.81
https://doi.org/10.1093/jac/48.suppl_1.81
https://doi.org/10.1016/j.eimc.2021.11.011
https://doi.org/10.1038/nrmicro.2017.42
https://doi.org/10.1038/nrmicro.2017.42
https://doi.org/10.1016/j.diagmicrobio.2013.06.004
https://doi.org/10.1016/j.diagmicrobio.2013.06.004
https://doi.org/10.3389/fmicb.2017.01917
https://doi.org/10.3389/fmicb.2017.01917
https://doi.org/10.1016/j.ijantimicag.2019.05.002
https://doi.org/10.1016/j.ijantimicag.2019.05.002
https://doi.org/10.1016/s0140-6736(00)04403-2
https://doi.org/10.1016/s0140-6736(00)04403-2
https://doi.org/10.1007/s10541-005-0111-6
https://doi.org/10.1093/cid/cir034
https://doi.org/10.1007/s00253-011-3497-7
https://doi.org/10.1007/s00253-011-3497-7
https://doi.org/10.1007/s11274-019-2739-1
https://doi.org/10.1128/aac.02583-12
https://doi.org/10.1128/aac.02583-12
https://doi.org/10.1099/jmm.0.000032


Page 9 of 9Bayode et al. Bulletin of the National Research Centre          (2022) 46:149 	

Russel M, Yao J, Chen H, Wang F, Zhou Y, Choi MMF, Zaray G, Trebse P (2009) 
Different technique of microcalorimetry and their applications to envi-
ronmental sciences: a review. J Am Sci 5:194–208

Scholar EM, Pratt WB (2000) The antimicrobial drugs. Oxford University Press, 
Oxford

Shehata MF, El-Shamy AM, Zohdy KM, Sherif ESM, El Abedin SZ (2020) Studies 
on the antibacterial influence of two ionic liquids and their corrosion 
inhibition performance. Appl Sci 10(4):1444. https://​doi.​org/​10.​3390/​
app10​041444

Tan AM, Lu JH (1999) Microcalorimetric study of antiviral effect of drug. J 
Biochem Biophys Methods 38:225–228

Tellapragada C, Hasan B, Antonelli A, Maruri A, de Vogel C, Gijon D, Coppi 
M, Verbon A, van Wamel W, Rossolini G, Canton R, Giske CG (2020) 
Isothermal microcalorimetry minimal inhibitory concentration testing in 
extensively drug resistant Gram-negative bacilli: a multicentre study. Clin 
Microbiol Inf 26(2020):1413–1417

Tkhilaishvili T, Di Luca M, Abbandonato G, Maiolo EM, Klatt AB, Reuter M 
(2018a) Real-time assessment of bacteriophage T3-derived antimicrobial 
activity against planktonic and biofilm-embedded Escherichia coli by 
isothermal microcalorimetry. Res Microbiol. https://​doi.​org/​10.​1016/j.​
resmic.​2018.​05.​010

Tkhilaishvili T, Lombardi L, Klatt AB, Trampuz A, Di Luca M (2018b) Bacte-
riophage Sb-1 enhances antibiotic activity against biofilm, degrades 
exopolysaccharide matrix and targets persisters of Staphylococcus aureus. 
Int J Antimicrob Agents. https://​doi.​org/​10.​1016/j.​ijant​imicag.​2018.​09.​006

Tong SY, Davis JS, Eichenberger E, Holland TL, Fowler VG Jr (2015) Staphylococ-
cus aureus infections: epidemiology, pathophysiology, clinical manifesta-
tions, and management. Clin Microbiol Rev 28(3):603–661. https://​doi.​
org/​10.​1128/​cmr.​00134-​14

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

von Ah U, Wirz D, Daniels AU (2008) Rapid differentiation of methicillin-suscep-
tible Staphylococcus aureus and methicillin-resistant methicillin-resistant 
S. aureus and MIC determination by isothermal microcalorimetry. J Clin 
Microbiol 46:2083–2087

von Ah U, Wirz D, Daniels A (2009) Isothermal micro calorimetry—a new 
method for MIC determinations: results for 12 antibiotics and reference 
strains of E. coli and S. aureus. BMC Microbiol 9(1):106. https://​doi.​org/​10.​
1186/​1471-​2180-9-​106

von Ah U, Shani N, Chollet M, Solokhina A, Braissant O (2018) Measuring 
antibiotic resistance in mixed cultures: isothermal microcalorimetry as a 
novel analytical tool. Intl Dairy J 77:73–79. https://​doi.​org/​10.​1016/j.​idair​
yj.​2017.​09.​007

Wadseo I, Hallfen D, Jansson M, Suurkuusk J, Wenzler T, Braissant O (2017) A 
well-plate format isothermal multi-channel microcalorimeter for monitor-
ing the activity of living cells and tissues. Thermochim Acta 652:141–149

Wang L, Di Luca M, Tkhilaishvili T, Trampuz A, Gonzalez-Moreno M (2019) 
Synergistic activity of fosfomycin, ciprofloxacin, and gentamicin against 
Escherichia coli and Pseudomonas aeruginosa biofilms. Front Microbiol. 
https://​doi.​org/​10.​3389/​fmicb.​2019.​02522

Wu M, Li X (2015) Klebsiella pneumoniae and Pseudomonas aeruginosa. Mol 
Med Microbiol 2015:1547–1564. https://​doi.​org/​10.​1016/​b978-0-​12-​
397169-​2.​00087-1

Xi L, Yi L, Jun W, Huigang L, Songhengs Q (2002) Microcalorimetric study of 
Staphylococcus aureus growth affected by selenium compounds. Ther-
mochim Acta 387:57–61

Yang LN, Xu F, Sun XN, Zhao ZB, Song GC (2008) Microcalorimetric studies on 
the action of different cephalosporins. J Therm Anal Calorim 93:417–421

Zimmerli W, Trampuz A, Ochsner PE (2004) Prosthetic-joint infections. New 
Eng J Med 351(16):1645–1654. https://​doi.​org/​10.​1056/​NEJMr​a0401​81

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/app10041444
https://doi.org/10.3390/app10041444
https://doi.org/10.1016/j.resmic.2018.05.010
https://doi.org/10.1016/j.resmic.2018.05.010
https://doi.org/10.1016/j.ijantimicag.2018.09.006
https://doi.org/10.1128/cmr.00134-14
https://doi.org/10.1128/cmr.00134-14
https://doi.org/10.1186/1471-2180-9-106
https://doi.org/10.1186/1471-2180-9-106
https://doi.org/10.1016/j.idairyj.2017.09.007
https://doi.org/10.1016/j.idairyj.2017.09.007
https://doi.org/10.3389/fmicb.2019.02522
https://doi.org/10.1016/b978-0-12-397169-2.00087-1
https://doi.org/10.1016/b978-0-12-397169-2.00087-1
https://doi.org/10.1056/NEJMra040181

	Isothermal microcalorimetry (IMC) calscreener: automated peculiarities of antimicrobial therapy and metabolism depth of multidrug resistant bacteria
	Abstract 
	Background: 
	Main body: 
	Conclusion: 

	Background
	Main text
	The working principle of the isothermal microcalorimetry calscreener: dynamics between biological metabolism and heat production
	A case of in-vitro determination of minimum inhibitory concentration (MIC) of superbugs using isothermal microcalorimetry calscreener
	Isothermal microcalorimetry calscreener in in-vivo and in-vitro antimicrobial therapy
	Biofilm formation in bacteria and isothermal micro-calorimetry calscreener
	Application of the IMC for establishing the microbial activities of clinical and ecological bacteria
	Isothermal microcalorimetry calscreener (IMC): case of the relationship between mineral-influenced microbial population in bioleaching and microbially-induced corrosion (MIC)

	Conclusions
	Acknowledgements
	References


