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A Commentary on
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INTRODUCTION

Bacteria embedded in biofilms are difficult to be dislodged and identified by traditional microbiological techniques. To detect the true pathogens, disruption and demolition of the biofilms is then proposed by different means (Drago, 2017).

This commentary builds upon the recent paper by Oliva et al. (2021). The authors conducted an acute analysis of the various microbiological methods to diagnose implant-related infections, outlining the advantages and disadvantages of the various techniques today available.

However, we think some points that may have a great relevance for daily clinical activity need to be better clarified and discussed.



DTT AND SONICATION ARE BACTERIAL CULTURE–BASED METHODS

The first point that we find questionable is the definition of the “dithiothreitol assay” as a “non-culture based method,” at variance with sonication, which is instead considered a “culture based” one.

Both methods are “culture-based” because they both aim at dislodging bacteria from a given sample—dithiothreitol by chemical means, sonication by physical action—with the resulting processed fluid from both procedures requiring further culture to identify the pathogen(s).

No substantial difference can be found between sonication and dithiothreitol regarding the need for microbiological examination and concerning the possible choice of the microbiological technique used to identify the pathogen (traditional culture, molecular, or other) (Drago et al., 2013; De Vecchi et al., 2016; Villa et al., 2017).

In fact, both antibiofilm processing methods require a subsequent bacterial cultural examination, which can be chosen among all of those currently and routinely available in laboratories as both sonication and dithiothreitol only provide bacteria dislodgment from the biofilms prior to culture.

Hence, in our opinion, the classification of sonication and dithiothreitol under different chapters, “culture based methods” and “non-culture based methods,” appears not correct and needs to be rectified or at least better explained by the authors.

An incorrect classification not only has an impact from didactic and scientific points of view, but it may also induce the readers to choose one technique over the other on the basis of a false difference between pretreatments, thus compromising the diagnostic process in the clinical setting.



DTT AT 0.1% DOES NOT AFFECT MICROBIAL VIABILITY

A second and even more important point that we think should be amended concerns the statement from the authors concerning “the toxic effect on bacterial cells, possibly misreporting the results of the DTT fluid culture and, thus, creating false negatives,” which is reported in the text and in Table 1 of the paper.


Table 1. Clinical use of DTT pretreatment to dislodge microorganisms in biological samples.
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The authors do not support this statement with any reference, and as far as we know, there is, in fact, no reference that dithiothreitol, when used at the concentration normally employed in the clinical setting for diagnostic purposes (0.1% or 1 g/L), has any impact on bacteria viability.

In fact, the only reference concerning an in vitro bacterial inhibition of DTT for E. coli is reported at very high concentrations of this compound (Gill et al., 1998), which are several times more than the concentrations used in the clinical setting. The authors state indeed that 0 (without DTT), 0.25, 2.0 g/L did not affect microbial yields and were not significantly different than 0.5 and 1.0 g/L experiments, respectively.

This is very similar to what can be found for sonication, which is known to have the ability to kill bacteria (Kamineni and Huang, 2019) and requires an accurate choice of the ultrasound parameters to avoid bacterial growth inhibition (Monsen et al., 2009), and even when properly used, it may still induce phenotype changes in E. coli that may render challenging the microbiological diagnosis (Sendi et al., 2010).

The hypothesis that dithiothreitol may have a toxic effect is clearly contradicted by the same literature that the authors cite, including the large clinical trials performed by Sambri et al. (2018) and by Kolenda et al. (2021) as well as other relevant studies (Table 1).

How can be DTT toxic for bacteria and, at the same time, increase the sensitivity of cultural examination compared with traditional tissue cultures and sonication?

Even one of the most recent studies, performed on collection strains and not on clinical isolates (Staphylococcus epidermidis ATCC 35984, Staphylococcus aureus ATCC 43300, Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 53278), shows how planktonic bacteria viability after exposure to dithiothreitol is exactly the same as that found after exposure to sonication and even to NaCl 0.9% alone (Karbysheva et al., 2020).

Dithiothreitol has been effectively used for decades in the analysis of sputa for the diagnosis of broncho-pneumonia, and Streptococcus pneumoniae is well-known among microbiologists as one of the most labile bacteria (Cleland, 1964; Shah and Dye, 1966; Hirsh et al., 1969; Reep and Kaplan, 1972; Isenberg, 1994; Goglio et al., 1996).

It is worth noting that the concentration of dithiothreitol to diagnose pneumonia (0.1%) is the same as that used to pretreat orthopedic samples: If this concentration was toxic, it would be even more for the S. pneumoniae, considered one of the most difficult bacteria to grow and to keep alive due to its lability.

DTT is indeed also used to improve diagnosis of the microbiome respiratory tract as well as for viruses (Terranova et al., 2018; Yu et al., 2018).



DISCUSSION

Sonication and DTT are both pretreatment techniques aimed at dislodging microorganisms from biofilms to enhance the accuracy of implant- and biofilm-related infection diagnoses. Both procedures should be classified as “culture-based” as they both require cultural examination to provide their diagnostic output, that is, pathogen identification and antibiotic sensitivity analysis.

The statement “the toxic effect on bacterial cells, possibly misreporting the results of the DTT fluid culture and, thus, creating false negatives,” to the best of our knowledge, is not supported by scientific evidence: There is no demonstration of any bacterial toxicity of dithiothreitol when used at the same concentrations adopted to diagnose implant-related infections in orthopedics and cardiovascular surgery (0.1%).

The abovementioned statement may be misleading for clinicians and may have a detrimental impact on the diagnostic algorithms implemented in many laboratories and should, hence, eventually point out that this may be the case if wrong concentrations are used, exactly as happens when sonication is improperly administered.

A last remark is worth making concerning the final statement of the authors that “additional studies evaluating the role of DTT in IAIs other than PJIs are warranted.” Although the literature on applications of DTT to diagnose implant-related infections would certainly benefit from additional studies, some papers, showing the efficacy of DTT pretreatment in cardiovascular surgery (Rimoldi et al., 2016; Fontana et al., 2017), should also be mentioned.

In conclusion, there is no scientific evidence that DTT, when properly used, affects microbial viability. Biofilm- and implant-related infections are constantly looking for definitive and resolutive diagnostic approaches, and it is hence of utmost importance to pay attention when dealing with these topics, certainly controversial and to be further improved.
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