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Several developments in the molecular imaging of infections target microorganism-specific metabolism and activity.
By targeting substances that are presented by or released from the pathogenic microorganism or microorganism-
specific metabolic pathways, more radiotracers can be developed whose localization mechanism is independent of

the host immune response.

Radiolabeled antibiotics Infection Imaging diabetic foot infections

| 1. Introduction

Radiolabeled antibiotics are relatively well-studied in the context of imaging diabetic foot infection (DFI). Previously
studied radiolabeled antibiotics target crucial features required for bacterial pathogenicity and survival, including
the synthesis of folic acid required for nucleic acid synthesis, cell wall construction, cell membrane structure and
function, transcription, and translation [l Antibiotic-resistant bacteria pose a major problem for radiolabeled
antibiotics. Depending on the uptake mechanism, some bacteria may demonstrate radiotracer accumulation, while
others may not. 2MTc-ciprofloxacin is a well-studied antibiotic imaging agent and, although previous studies
originally demonstrated its high specificity, subsequent studies have not been able to reproduce the result [ZIEI4IE],
In vivo studies of its ability to differentiate gram-positive from gram-negative bacteria have reached contradictory
conclusions. The main drawback to 99mTc—ciproroxacin is its accumulation in dead bacteria 2, which leads to false
positives, as suggested by a large multicenter clinical trial that reported a sensitivity of 66.7%, a specificity of
85.7%, and an accuracy of 72% for both soft tissue infection and OM 1. Several radiolabeled antibiotics have been
studied to date (Table 1); however, the least well-studied are bacterial cell wall synthesis inhibitors such as
vancomycin. The SPECT tracer ?° Tc-vancomycin, which was directly labeled, has demonstrated an affinity for S.
aureus infectious foci. 2°MTc-vancomycin labeled through 2°MTc-Tc-HYNIC tetrazine click chemistry corroborated
this observation with a three-fold uptake increase in a S. aureus infection site compared to controls . Studies
using fluorescently labeled vancomycin have also reported promising results &l although isotopic-labeled
vancomycin has shown greater uptake . Although the 9°™Tc-vancomycin single-photon emission computed
tomography (SPECT) tracer may have a valuable place in the clinical management of DFI, the development of a

vancomycin PET tracer may provide better image resolution.

Table 1. Emerging Investigational Radiotracers of Infection Imaging.
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Microorganisms may also be targeted based on their vitamin uptake. Since biotin is used in the production of fatty

acids and is an essential growth factor for S. aureus and other bacteria, it has been explored for infection imaging.

Although little data are currently available, an in vitro study using [*1!In]-In-DTPA-biotin reported selective uptake in

S. aureus cultures 24, In addition to targeting biotin, a radiolabeled vitamin B12 derivative, 99MTc_PAMA has also

https://encyclopedia.pub/entry/17578

4/10



Radiotracers in Infection Imaging | Encyclopedia.pub

Radiotracer C.Il.'rri';fsal Parameter Nll_iccgallir::trigr?f Strength/WeaknessReferences)ent has
k%l(pensive, limited ly use a
SAT0 synthesize ng 3H-rABArep 2PV In MKSA as well as
Ease of preparation, ian cells.
18 126] Binds to good sensitivity and
99M .. antigen-95 on specificity

granulocytes (22]

Besilesomab Dependent upon

and their ophores,
precursors host response,
124 124 expensive, limited 3 kinase
. . availability .
substrate trapped in J phosphorylation. Alt i _rosthetic

joint infections 24!, a more recent study found that tracer uptake was reduced in the presence of metal artifacts (21,
A clinical study of 16 patients with suspected musculoskeletal infection, who underwent 18F-FDG and 124I-FIAU
PEMEPS ridwsorterbia pemyésivigs peifieiyhofs 107 g qushendnatazslisronobéhsitivity b rgdoisrh dselie O tree apipioach
tgsit/potetaiapaifirespost ayshenss fiersugas. Urebéxamplentotbital defiagivédycorasiogatineitsadiagaoznd
btz abp becaleselopequiascaicliniesrfinaogsbieen lasgerssibdly ofspadients 8L haptamers @re oligodyclesiigs gt
flaoeteeryssebite) (%QS) the mepadsglkerortesl] setdictOacugtelp thantesdPIBIoRstioac bacgomsndtaptikeatlitg
tadlipiaguisicicarance Haktsiavaver fuptakéntycEaerobatieraceamevitfahEigut was also seen. A more recent study
of ®F-FDS demonstrated the sorbitol-specific pathway by observing uptake in clinically relevant strains of
Bitterepherefafss. Sropbuelearkemh Wilhioadmaly affiaity iselrRUM iandwestiagusad wileariyduidangfiadulinsg o
Produped/byr Virikghy #ll HuisraesoaRrisdastiachiling Rerkajyatrs amheukabromas 3R Mmsrsmaiiae mREINAESH
beyReiRrRrRRRitTILES FoUHEsH, MdRiIsRRRIe s HoMiseaitmR i e dhenerneRl seetdnal ralegHleafmEsligarar
preaealiniardre R ditasaeivandstptatan dgiRioaitRICRIAGE IR alsh bt Py Eead Jatiomalimas ARECu@XirptAe
glegs rasaonsesi apfiiesoiedem o EsHalecBpnsiior énetis ) andstisecysnanionenfis NRstahungasidn livisig
steaRiISATRtiRhibANSSHABEME YREiURfiraaBBAtiBD Arddegyrdthatebripd tHéntissheffaialdioEente pfeyimasty
aRevesERddR IsklsadJes b ¥rof mlIpatsiifpateas i[%%gﬁi@emﬁbééeﬂﬁf@ ataraatesArigad dpirtheatalaying
BERUOSa2S5OEH B Yal tearchrstiaaiiariebethablinde bavtetricchetatrsticigrma@mate baaidigaiaxyiaasmivined
ieacddesgniissysae i @sINPETORRRg PR Rl dRtAPITIRsMGexeie ieatin shateaflintferiTabin graas
Bodhing sribegraneintg Riveitaersindiineitexpyession éi{f]nﬁl&tﬁhéi%&%ﬁ@rﬁnﬁg{hi@ﬁ’ﬁ@éﬁﬁoﬂiﬁ@ﬂﬂa@li&a%ﬁ!
e RO -Braskieeid oY RRAVICHILIFT SliyieRaaRe o 38 dhAe UIAHREVE dCIagFrat R PABRA!Y ragsn dyifld Al hiHiMaeY
RAIEHBY ansk laétiDe gbtgiyéilmm@lgﬂm iNiaﬁ\)OZ[m,ﬂg]Fe(ll) metal ions B2, Transport systems and siderophore
production are unregulated during infection and can accumulate in bacteria as well as fungi. An in vitro study which
used %8Ga-ferrioxamine (68Ga-FOXE) showed high uptake in S. aureus; however, it was not corroborated in vivo
(291 \n fungi, Aspergillus fumigatus-specific fluorescent siderophore conjugates were used to assess pulmonary
aspergillosis in vitro BY:; however, recent in vivo studies have only been performed to assess biodistribution in
pulmonary aspergillosis . Further research regarding specificity, sensitivity, and use in additional infection
models is needed.

| 2. Immunoscintigraphy

In addition to in vitro labeling, WBCs may also be localized in vivo by using radiolabeled antibodies which target

WBC antigens—a technique called immunoscintigraphy. For example, %™Tc-besilesomab uses the monoclonal
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antibody besilesomab to bind to the granulocyte-specific antigen-95. Antigen-95 is present on the membranes of
granulocytes and their precursors. Within 45 min of initial injection, 10% of the %*™Tc-besilesomab is bound to
neutrophils, while 20% is unbound but localizes to the site of infection by nonspecific mechanisms 22, A recent
study of 119 patients with suspected OM compared planar ™ Tc-HMPAO WBC and %*™Tc-besilesomab imaging in
the diagnosis of peripheral OM. They found that 2°™Tc-HMPAO had a lower sensitivity than 99™Tc-besilesomab
(59.0% and 74.8%, respectively); however, °°MTc-HMPAO had a higher specificity than 9°™Tc-besilesomab (79.5%
and 71.8%, respectively) 22, 99MTc_sulesomab also binds to an antigen found on leukocyte membranes—antigen-
90—but only 3—6% of 99™Tc-sulesomab is bound to circulating neutrophils, and 35% is found in bone marrow 24 h
post-injection 41, The results of a study of combat-related infections suggest that 9™Tc-sulesomab may not
possess sufficient accuracy (78% accuracy) for the identification of the foci of infections but may have otherwise
comparable diagnostic values (93% PPV, 62% NPV, 72% sensitivity, 88% specificity) 3. One study of Yersinia
enterocolitica infections used immunoPET with $4Cu-NODAGA-labeled Yersinia-specific polyclonal antibodies to
target the membrane protein YadA and reported colocalization in a dose-dependent manner with bacterial lesions
in a murine model &, Another study that used the [(*Cu]NODAGA-lIgG3; monoclonal antibody from mice to
examine C. albicans infections demonstrated its accuracy in diagnosing infection in vitro as well as in vivo 28, A
meta-analysis found a sensitivity of 81% and specificity of 86% for anti-granulocyte scintigraphy with monoclonal
antibodies 2. The use of intact antibodies takes up to several days to accumulate near infectious foci. Clinically,
this could be a limitation because of the need for rapid identification of the infection site. However, the use of
antibody fragments may lead to faster accumulation time. Overall, it appears that radiolabeled antibodies do not
have the ability to replace existing methods in a clinical setting because of the relatively low diagnostic values

reported by the studies discussed above.

One recent therapeutic application of US used in DFI is cavitation, in which ultrasonic waves are used to create
microbubbles which form from the dissolved gas that accumulates in the wound. The molecular purpose of this
treatment is to induce compression and movement of the wound cells and small ions to increase protein synthesis
and the permeability of vascular walls and cell membranes . Ultimately, reduced inflammation, angiogenesis, and
increased cell proliferation and recruitment are expected at the site of infection . Currently, only three studies
have used this technique and two of them demonstrated either complete wound closure or a significant reduction in
wound area BT,

| 3. Conclusion

Although these emerging imaging probes are targeting the microorganism rather than the host response, the
guantitative measures of probe retention are generally much lower than the clinically available tracers that target
the host response. Further, while most of these have not been used in DFI specifically, this is an opportunity for the

expansion of molecular imaging approaches to DFI.
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