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Abstract. We report here the results of a validation study of the avidin/111Indium-
biotin approach in patients with skeletal lesions. This study involved 54 patients with 
orthopaedic conditions: 20 patients with intermediate suspected osteomyelitis of the 
trunk, 19 patients with infection/inflammation of prosthetic joint replacements, and 15 
patients with suspected osteomyelitis of appendicular bones. Avidin (3 mg) was 
injected as an i.v. bolus, followed 4 h later by 111In-biotin; imaging was acquired 30 
min and 16–18 h after administration of 111In-biotin. Technetium-99m 
hexamethylpropylene amine oxime (99mTc-HMPAO)-labelled leucocyte scintigraphy 
was performed in 39/54 patients. The overall sensitivity of the avidin/111In-biotin scan 
was 97.7% (versus 88.9% for 99mTc-HMPAO leucocyte scintigraphy). While the 
diagnostic performance of avidin/111Inbiotin scintigraphy was similar to that of 99mTc-
HMPAO leucocyte scintigraphy in patients with prosthetic joint replacements or 
osteomyelitis of appendicular bones, the avidin/111In-biotin approach clearly 
performed better than 99mTc-HMPAO leucocyte scintigraphy in patients with 
suspected osteomyelitis of the trunk (100% sensitivity, specificity and accuracy 
versus 50% sensitivity, 100% specificity and 66.7% accuracy for 99mTc-HMPAO-
leucocyte scintigraphy). These results demonstrate the feasibility of the avidin/111In-
biotin approach for imaging sites of infection/inflammation in the clinical setting. 
Although no systematic advantages of avidin/111In-biotin scintigraphy were found 
versus 99mTc-HMPAO leucocyte scintigraphy, the newer scintigraphic method is 
more practicable and involves lower biological risk for the operators.  
 
Key words: Avidin/streptavidin – Indium-111-biotin – Inflammation/infection – 
Scintigraphic imaging – Orthopaedic patients 
 
Introduction 
Studies with gallium-67 citrate (an agent already known to accumulate in tumours 
[1]) for scintigraphic localization of inflammatory conditions date back more than 25 
years [2, 3]. For decades now, gallium-67 scintigraphy has represented one of the 
cornerstones of nuclear medicine applications for the detection of both acute and 
chronic inflammatory processes [4]. With particular regard to musculo-skeletal 
infection, the spectrum of nuclear medicine procedures available for imaging 
infection/ inflammation was expanded to include three-phase or four-phase bone 
scintigraphy [5, 6] and scintigraphy with radiolabelled leucocytes [7–14]. 
Subsequently, newer scintigraphic techniques have been described for clinical 
applications, such as those based on the use of radiolabelled nanocolloid [15, 16], 
radiolabelled human non-specifc IgG [17–22], radiolabelled monoclonal antibodies 
to granulocytes [23, 34] and, most recently, technetium-99m labelled ciprofloxacin 
(or Infecton) [35, 36]. The avidin/indium-111-labelled biotin approach represents 
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another modality recently introduced for clinical application [37–41]. Further 
approaches for scintigraphic detection of infection and inflammation are presently 
being pursued in experimental models, such as those based on small chemotactic 
peptides [42–44]. Avidin/indium-111 biotin scintigraphy is based on the non-specific 
accumulation of avidin (a 65-kD protein) at sites of inflammation or infection, linked 
to increased transcapillary leakage of macromolecules and to interstitial oedema at 
these sites [37–41]. Due to its extremely high affinity for and low dissociation 
constant with biotin, sites of infection can be imaged using avidin as a pre-target, 
followed by 111In-labelled biotin. Favourable preliminary results using this novel 
procedure have recently been reported in two different groups of patients [40, 41]. 
The first group included 25 patients with suspectedinfection of prosthetic vascular 
grafts, while the second group included 15 patients with radiological evidence of 
chronic infection associated with osteomyelitis (in about half of these latter patients, 
non-specific 111In-IgG was employed for comparison). In both instances scintigraphic 
imaging based on the avidin/biotin approach correctly identified sites of focal 
infection/inflammation in virtually all affected patients; however, the actual diagnostic 
value of this new scintigraphic method has not yet been determined owing to the 
relatively small size of the patient groups in both studies. We therefore thought it 
worthwhile to report here the results of a validation study carried out in a relatively 
large group of patients with skeletal lesions, in most of whom the avidin/biotin 
method was compared with the results of conventional imaging of 
infection/inflammation with technetium-99m hexamethylpropylene amineoxime 
(99mTc-HMPAO)-labelled leucocytes. It should be emphasized that in particular 
anatomical locations such as infections of the spine, more conventional, well 
established methods, such as scintigraphy with radiolabelled leucocytes, are fraught 
with a fraction of false-negative results as high as 60%–80% [45, 46]. For these 
reasons, in this study we focussed our attention in particular on a subgroup of 
patients with vertebral osteomyelitis. 
Materials and methods 
Patients 
This study included a total of 54 patients (30 women and 24 men, age range 24–82 
years, median 55 years) with the following clinical conditions: – Group I: 20 patients 
with intermediate pre-test probability for osteomyelitis of the trunk (suspected 
spondylodiscitis in 18 cases, suspected sacro-iliitis in two cases); ten out of these 20 
patients were eventually classified as being actually affected by 
infection/inflammation. – Group II: 19 patients with ascertained infection and/or 
inflammation of prosthetic joint replacements (15 of the hip, four of the knee). – 
Group III: 15 patients with very high pre-test probability for osteomyelitis of 
appendicular bones (including coxo-femoral arthritis in two cases and omitis in one 
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case); 14 out of these 15 patients were eventually classified as being actually 
affected by osteomyelitis. Thirty-one of these patients were enrolled in the study 
during their hospital stay and 23 were out-patients. These 54 patients were enrolled 
in the study after initial suspicion of skeletal infection/inflammation had been raised 
on the basis of medical history and clinical presentation (symptoms and signs), as 
well as routine blood chemistry (erythrocyte sedimentation rate, absolute and 
differential white blood cell count, etc.). Final classification of the patients was based 
on a combination of factors including clinical follow-up and response to antibiotic 
therapy (in all cases), surgical exploration and microbiology culture of surgical 
specimens (in 36 cases), and/or other imaging modalities (three-phase bone scan 
with 99mTc-methylene diphosphonate, gallium-67 citrate scan, conventional x-ray and 
transmission computed tomography, magnetic resonance imaging). All patients had 
been in pharmacological wash-out from antibiotic therapy for at least 7 days when 
the scintigraphic study was performed. Written consent to the study was obtained in 
compliance with the guidelines provided by the Ethical Committee of the University 
of Pisa Medical School, after full explanation of the study protocol, which included 
avidin/111In-biotin scintigraphy as the only modality added to the routine diagnostic 
protocol, including the imaging and other evaluation procedures listed above. 
Reagents 
Both hen egg avidin and streptavidin (purified from fermentation filtrates of 
Streptomyces avidinii cultures) were purchased from Società Prodotti Antibiotici 
(S.P.A., Milan, Italy) as sterile, pyrogen- free aqueous solutions with concentrations 
ranging between 2.5 and 5.22 mg/ml. Diethylene-triamine-penta-acetic acid (DTPA)-
conjugated biotin [DTPA-�,�-bis(biocytinamide)] was purchased from Sigma (St. 
Louis, Mo., USA). 
Radiolabelling with 111In 
DTPA-conjugated biotin was diluted in phosphate buffered physiological saline, pH 
7.4, to a final concentration of 2 mg/ml, and sterilised by 0.22-µm Milllipore filtration; 
500-µg aliquots of DTPA-biotin were prepared for 111In labelling. 111In-chloride (111 
MBq) was diluted in citrate buffer (0.2 M, pH 5.5) to 370 kBq/µl. Reagents were 
mixed and allowed to react for 10 min at room temperature. Ascending 
chromatography on Watman no. 1 paper (employing bicarbonate buffer 0.05 M as 
the mobile phase) showed that more than 98% of the radiolabel was bound to the 
conjugate. 
Scintigraphic study 
Avidin/111In-biotin administration protocol.  
In eight patients, hen egg avidin was employed as the pre-targeting step of the 
imaging study, while streptavidin was employed in the remaining 46 patients. The 
protocol employed in this study was modified with respect to that described 
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previously [40, 41] in order to increase its feasibility in the clinical routine. In 
particular, a lower amount of avidin or streptavidin was administered (3 mg versus 
10 mg), administration was made as a bolus rather than a slow infusion (5 ml over 
1–2 min versus 100 ml over 30 min), and the interval between avidin or streptavidin 
administration and 111In-biotin injection was reduced to 4 h only (versus 24 h in the 
original protocol). 
Imaging protocol. &p.2 
A whole-body scan (at a speed of 10 cm/min) and planar spot images (both anterior 
and posterior) over selected regions of the body were acquired 30 min after the 
injection of 111In-biotin, using a General Electric large-field-of-view gamma camera 
equipped with a medium-energy collimator, with 20% energy windows centered 
around the 173-keV and 247-keV energy peaks of 111In. One million counts were 
generally acquired for each view. Scans were acquired again on the next morning, 
16–18 h after 111In-biotin administration. Due to the high urinary excretion of 111In-
biotin, patients were asked to void their bladder just before undergoing scintigraphy; 
in addition, we occasionally shielded the kidneys or bladder of the patients when the 
area of interest (suspected site of infection/inflammation) was in proximity to such 
regions. 
Immunogenicity. 
All patients were closely monitored following the administration of the avidins. In 
seven patients, venous blood samples (5 ml) were obtained 4–6 weeks after the 
administration of hen egg avidin or streptavidin (in two and five cases, respectively) 
in order to monitor the immunological response. Hen egg avidin immunogenicity 
(elicitation of human anti-avidin antibody, HAVA, response) and streptavidin 
immunogenicity (human antistreptavidin antibody, HASA) were evaluated as 
described previously [40, 47], estimating the cut-off value between a positive and a 
negative response based on a control population of healthy subjects who had never 
received any avidin or streptavidin administration. HAVA response was considered 
positive when above a cut-off level of 22.5 U/ml, while the cut-off level for a positive 
HASA response was set at 16.6 U/ml. 
99mTc-HMPAO labelled leucocytes. 
Thirty-nine out of the total 54 patients included in this study underwent a 99mTc-
HMPAO leucocyte scan in a time range of 48–72 h prior to the avidin/111Inbiotin 
study. This total included 9/20 patients with suspected osteomyelitis of the trunk, 
17/19 patients with suspected infection of the prosthetic joint replacement and 13/15 
patients with suspected osteomyelitis of appendicular bones. A standard protocol 
was employed for leucocyte preparation and labelling, with minor modifications 
(starting with a 50 ml blood withdrawal); HMPAO (CeretecR) was supplied by 
Amersham Ltd. (Amersham, UK) as a commercial preparation. Planar anterior and 
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posterior images were acquired at 10–15 min after injection of 99mTc-HMPAO 
leucocytes (vascular phase), then again at 4–6 h and 18–24 h. In addition, 
tomographic images were acquired at the 4- to 6-hour time point, employing a 
64×64 matrix, with 64 images over 360°. For all the se acquisitions a General Electric 
large-field-of-view gamma camera equipped with a lowenergy general-purpose 
collimator was employed, with a 20% window centered on the 140-keV energy peak 
of technetium-99m. Standard protocols were utilized for image reconstruction along 
the three main planes (transaxial, sagittal, coronal). 
Evaluation of scintigraphic images 
Scintigraphic images of both the 99mTc-HMPAO-labelled leucocyte study and the 
avidin/111In-biotin study were interpreted independently by three readers aware of 
the clinical suspicion, but blind as to final diagnosis and results of other diagnostic 
examinations. The scans were considered positive when distinct focal uptake of 
radioactivity was detected at the suspected site of infection/inflammation, evaluated 
with respect to the contralateral, healthy site when appendicular bones were 
involved. On the other hand, 99mTc-HMPAO-labelled leucocyte scintigraphy was also 
considered consistent with spondylodiscitis when a photopenic area was observed 
on both the early and delayed images [45, 46, 48]. In addition, a semiquantitative 
radioactivity localization index was derived, for both the 99mTc-HMPAO leucocyte 
study and the avidin/111In-biotin study, by estimating target-to-non-target ratios. To 
this purpose, regions of interest were manually drawn around the area of interest, 
while for background accumulation a corresponding site of equal pixel size was 
chosen, typically on the contralateral side; when spine lesions were involved, 
background was chosen in a corresponding area above or below the area of 
interest. 
Statistical analysis 
Due to the extremely high prevalence of disease (infection and/or inflammation) in 
groups II and III, in these two groups the scintigraphic results were analysed only in 
terms of sensitivity. Complete statistical analysis of the diagnostic performance 
parameters (sensitivity, specificity, diagnostic accuracy, positive and negative 
predictive values) was carried out only for the scintigraphic results obtained with 
avidin/111In-biotin in patients of group I, with intermediate pre-test probability of 
disease. 
Results 
No early or delayed adverse effects of any type were experienced by any of the 
patients following injection of avidin or streptavidin in a bolus-type manner. 
Immunogenic response 
A positive immune response was elicited only by the administration of streptavidin, 
with HASA values in these five patients ranging between 414 and 1150 U/ml (mean 
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760±330 U/ml, versus a cut-off level of 16.5 U/ml in negative-response controls). On 
the other hand, no immunogenic response could be detected in the two patients 
injected with hen egg avidin (8 U/ml and 10 U/ml, respectively). This finding is in 
agreement with previous observations made in a larger series of patients included in 
a protocol for tumour targeting similarly based on a step involving avidin 
administration [47]. 
 
 

Table 1 . Results of scintigraphic imaging performed with the pretargeting avidin/111In-biotin 
approach and with the conventional 99mTc-HMPAO leukocyte procedure, with respect to final 
classification of the patients included in the study 
 

 
 
TP,true-positive; TN, true-negative; FP, false-positive; FN, false-negative 
 
 
 
Table 2 . Comparison of the results of paires avidin/111In-biotin scintigraphy and 99mTc-
HMPAO leucocytes scintigraphy in terms of agreement /disagreement with the final 
classification of patients (total of 39 patients in whom both procedures were employed) 
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Scintigraphic results 
The avidin/111In-biotin scans recorded 30 min after injection of the radiolabelled 
biotin were of sufficient contrast as to allow for the ready identification of sites of 
infection/inflammation. No clear advantages were seen in the delayed scintigraphic 
acquisitions at 16–18 h versus the early acquisitions at 30 min post-injection of 
111Inbiotin. No difference in the diagnostic quality of scintigraphic images could be 
detected between patients injected with hen egg avidin and patients injected with 
streptavidin (all patients injected with hen egg avidin belonged to group II, prosthetic 
joint replacement). The distribution pattern of 111In-biotin, characterized by important 
excretion through the kidneys, necessitated some technical shrewdness to be 
occasionally adopted when imaging the lumbar spine and pelvis (because of high 
renal and bladder activity, respectively). In particular, some shielding of these high-
activity organs (especially the bladder due to frequently incomplete voiding in elderly 
patients) may occasionally be required in order to reach satisfactory counting 
statistics in the more specific, adjacent region of interest. With only one case missed 
out of 43 cases with a final diagnosis of infection/inflammation, the overall sensitivity 
of avidin/111In-biotin scintigraphy was 97.7% in the entire study population, as 
compared with an overall sensitivity of 88.9% for 99mTc-HMPAO leucocyte 
scintigraphy, estimated in 39/54 patients (Table 1). The results of paired avidin/111In-
biotin and 99mTc-HMPAO leucocyte scintigraphy in the 39/54 patients in whom both 
procedures were performed are reported in Table 2. In group I patients (suspected 
infection/inflammation of the trunk), 100% sensitivity, specificity, diagnostic accuracy 
and positive and negative predictive values were observed with avidin/111In-biotin 
scintigraphy (Fig. 1). As expected on the basis of its recognized low diagnostic 
accuracy in this condition [45, 46], 99mTc-HMPAO leucocyte scintigraphy (performed 
in only 9/20 patients) had a somewhat lower diagnostic performance: 50% 
sensitivity, 100% specificity, 66.7% accuracy. The three false-negative results 
observed represent patients without a clear-cut 99mTc-HMPAO leucocyte 
scintigraphic pattern (either a clear “hot” spot or a clear “cold” spot at the suspected 
site of infection/inflammation, see Fig. 1a). Two patients of this group were 
eventually classified as being affected by sterile inflammation, and they both 
exhibited increased radioactivity accumulation at avidin/111In-biotin scintigraphy. 
99mTc-HMPAO leucocyte scintigraphy was positive in one of these two cases, while 
the scan was equivocal (and therefore classified as a false-negative result) in the 
other patient (Fig. 1b). No significant differences were found in patients with 
prosthetic joint replacement (group II) concerning the sensitivity of the two 
scintigraphic procedures: 94.4% and 100%, respectively for avidin/111In-biotin 
scintigraphy and 99mTc-HMPAO leucocyte scintigraphy (Fig. 2). Surgical findings and 
follow-up confirmed the occurrence of infection in 18/19 patients, while sterile 
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inflammation was found in the single remaining patient, who had a positive scan with 
both avidin/111In-biotin and 99mTc-HMPAO leucocytes. In patients of group III 
(suspected osteomyelitis of the appendicular bones), sensitivity was 100% for 
avidin/111In-biotin scintigraphy and 83.3% for 99mTc-HMPAO leucocyte scintigraphy 
(Fig. 3). This group was also characterized by an extremely high proportion of 
patients with final classification of infection/inflammation (14 of the 15 cases). The 
target-to-non-target ratios were clearly higher with avidin/111In-biotin scintigraphy 
(1.637±0.157) than with 99mTc-HMPAO leucocyte scintigraphy (0.943±0.335) in 
patients with infection/inflammation of the spine (group I). By contrast, no significant 
differences were found in groups II and III (prosthetic joint replacement and 
suspected osteomyelitis of the appendicular bones), with avidin/111In-biotin 
scintigraphy (1.779±0.642 and 2.150±0.407, respectively) and with 99mTc-HMPAO 
leucocyte scintigraphy (2.087±0.317, and 1.966±0.159, respectively). 
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Fig 1 . Comparison of 99mTc-HMPAO leucocyte scan and avidin/111In-biotin scan in two 
patients with infection of the trunk (posterior views). a Patient with left sacro-iliitis: rather than 
increased accumulation of labelled leukocytes, a photopenic area at the affected site can be 
observed consistent with infection/inflammation (left panel); on the other hand, the 
avidin/111In-biotin scan is frankly positive as early a 30 min after administration of labelled 
biotin (right panel). b patient with lumbar spondylodiscitiis: the labelled leucocyte scan shows 
no clear-cut pattern of accumulation at the affected site and is thus equivocal or non-
diagnostic (left panel). The avidin/111In-biotin scan, by contrast, shows marked uptake of 
labelled biotin on the left side of the L3-L4 region (right panel) 
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Fig 2  Comparison of 99mTc-HMPAO leucocyte scan (left panel) and avidin/111In-biotin scan 
(right panel) in one patient with infection of the right hip prosthetic implant (anterior view). 
Both scintigraphic procedures concordantly identify the infection site. 
 

  

 

 

  

Fig 2  Comparison of 99mTc-HMPAO leucocyte scan (left panel) and avidin/111In-biotin scan 
(right panel) in one patient with post-traumatic osteomyelitis at the left knee (anterior view). In 
this case, too, both scintigraphic procedures concordantly identify the infection site. 
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Discussion 
The results obtained in this study confirm the validity of the pretargeting approach 
with unlabelled avidin followed by labelled biotin to detect infection/inflammation. 
The potential usefulness of such an approach, heralded by earlier investigations in 
the experimental animal model [38], had been pointed out by preliminary studies 
carried out in patients with prosthetic vascular graft infection [40] or with 
osteomyelitis [41]. Favourable imaging results were obtained in the present study 
following a protocol that is more practicable than the protocols described earlier; in 
particular, a lower amount of the avidins was administered to patients (3 mg versus 
10 mg), and the shorter interval between avidin and labelled biotin injections (4 h 
versus 24 h) allowed the use of a single-day scintigraphic procedure rather than a 2-
day procedure, as in the previous protocol. The present investigation concerns 
patients with different types of skeletal infection and/or inflammation. We focussed 
our attention on these patients after considering various factors that emphasize the 
importance of accurately diagnosing orthopaedic infections, especially in the case of 
spinal lesions. In fact, this condition frequently requires multiple imaging modalities, 
particularly when the clinical pattern is not typical because of concomitant 
inadequate antibiotic therapy, which is insufficient to cure such deep-seated 
infection and produces somewhat indolent, slowly evolving conditions with equivocal 
signs and symptoms. Another growing area of orthopaedic interest concerns 
prosthetic joint replacement (particularly prosthetic hip surgery), which is not seldom 
complicated by infection. Once established, infection is associated with mobilization 
of the implant and severe functional impairment. Treatment often requires heavy 
antibiotic therapy and, eventually, removal of the infected prosthesis which is 
replaced with a new implant. All of this frequently results in prolonged invalidity and 
hospitalization, and therefore in an unacceptably high overall socioeconomic cost. 
Compared with the more conventional modality (99mTc-HMPAO leucocyte 
scintigraphy), the new scintigraphic procedure (avidin/111In-biotin scintigraphy) 
yielded especially favourable results in osteomyelitis of the trunk (group I). This 
clinical condition is characterized in general by unsatisfactory imaging results with 
conventional nuclear medicine procedures (such as labelled leucocyte scintigraphy), 
except perhaps for 67Ga-citrate scintigraphy [45, 46, 48]. The diagnosis of 
infection/inflammation often remains problematic, with the risk of postponing the 
prompt initiation of adequate therapy or, conversely, leading to unnecessary 
surgery. This is accordingly an especially interesting area for the application of 
avidin/111In-biotin scintigraphy. In patients of groups II (with prosthetic joint 
replacement) and III (with osteomyelitis of appendicular bones), the results of the 
two scintigraphic methods were very similar, without a definite advantage of one 
over the other. The advantage of avidin/111In-biotin scintigraphy over 99mTc-HMPAO 
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leucocyte scintigraphy in these cases resides solely in the higher practicability of the 
former, due to the shorter time required for the entire procedure and the lower 
potential biological risk for the operators (extensive manipulation of blood is required 
for labelled leucocyte scintigraphy). In the patients with infected/inflamed prosthetic 
joint replacement (group II); the overall quality of positive 99mTc-HMPAO leucocyte 
scans and avidin/111In-biotin scans was virtually identical. By contrast, in the patients 
with osteomyelitis of the appendicular bones (group III) accumulation of labelled 
biotin generally tended to be less focal than that of labelled leucocytes, perhaps 
reflecting the more diffuse involvement of soft tissues and/or the more extensive 
impairment of capillary permeability in this condition. This phenomenon might have 
some relevance for the ability of the avidin/111In biotin scintigraphy to distinguish foci 
of true infection from sterile inflammation (see further considerations below). Some 
analysis of costs is required. First of all, one has to assume that there are no 
relevant differences between this novel procedure and conventional 99mTc-HMPAO 
leucocyte scintigraphy with regard to costs due to time spent by physicians, and 
technical personnel and use of the gamma camera (although the avidin/111In-biotin 
technique may well entail one imaging session only rather than two or three as for 
99mTc-HMPAO leucocyte scintigraphy). The cost of reagents can be estimated to be 
about 285 Euros for avidin/111In-biotin scintigraphy (including 265 for the purchase of 
3 mCi 111In-chloride and 20 for avidin and biotin-DTPA), while it is approximately 278 
Euros for 99mTc-HMPAO leucocyte scintigraphy (240 for HMPAO, 13 for 99mTc-
pertechnetate and 25 for other reagents necessary for leucocyte separation). 
However, a further relevant cost must be added for 99mTc-HMPAO leucocyte 
scintigraphy, i.e. the cost of personnel trained to perform leucocyte separation: this 
can be estimated at about 65 Euros. Even without considering the use of additional 
equipment necessary for leucocyte separation (centrifuge and sterile flow hood), this 
raises the cost of 99mTc-HMPAO leucocyte scintigraphy to 343 Euros versus 285 
Euros for avidin/111In-biotin scintigraphy (without considering the costs of 
medical/technical personnel and use of the gamma camera). Concerning the 
radiation dose to patients when employing the avidin/111In-biotin approach, previous 
studies have reported on the whole-body distribution of 111In-biotin in patients 
submitted to avidin(streptavidin)/111In-biotin protocols [40, 41]. The fast blood 
clearance and the minimal accumulation in normal organs (except for the kidneys 
and bladder) of the label closely resemble the distribution pattern observed in the 
three-step avidin/biotin approach employed for tumour immunotargeting. In this 
regard, a consistent body of literature has demonstrated the safety of such a 
pretargeting system for both diagnostic and therapeutic applications. In particular, a 
recent investigation has carefully evaluated the pharmacokinetic and dosimetric 
parameters of 111In-biotin in patients to be subsequently treated with 90Y-biotin for 
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therapeutic purposes [49]. The reported mean value for the parameter in blood was 
2.0±1.1 h while it was 10.7±7.04 h for the remainder of the body; the mean urinary 
excretion was 82.5%±10.8% of the administered dose in the first 24 hr. The mean 
absorbed doses to normal organs were: 0.0036±0.00084 mGy/MBq (whole body), 
0.051±0.036 mGy/MBq (kidneys), 0.085±0.005 mGy/MBq (liver), 0.17±0.039 
mGy/MBq (bladder) and 0.0023±0.0024 mGy/MBq (red marrow). These data 
indicate that the radiation burden to sensitive tissues (especially the red marrow) 
involved in a diagnostic study with 111In-biotin is quite low, with an acceptable 
dosimetry to the critical organ (bladder). The use of streptavidin in place of hen egg 
avidin for some of the patients included in this study also deserves some comments. 
This was based upon the hypothesis that the longer retention times in plasma of 
streptavidin (terminal T1/2 equal to about 3.5 h versus 30 min for hen egg avidin) 
[40, 50] would result in prolonged availability for extravascular leakage at the sites of 
infection/inflammation, and therefore in improved signal-to-background ratios [38] 
despite the fact that streptavidin and hen egg avidin have identical biotin-binding 
capacity (4 moles of biotin per mole of avidins) and dissociation constants (10–15 M) 
[51–53]. Although direct comparison could not be made since none of the patients 
was studied with both compounds, no clear advantage in terms of scintigraphic 
contrast were seen with the use of streptavidin. This observation suggests that in 
future investigations hen egg avidin should be used instead of streptavidin, because 
of its much lower immunogenicity. In this regard, it should also be noted that some 
forms of biochemically modified avidin have recently shown better pharmacokinetics 
and biodistribution, associated with lower immunogenicity, than native avidins [54]. 
On the other hand, it should be noted that the role of avidin for imaging 
infection/inflammation by this novel approach might actually be somewhat less than 
previously expected on the basis of the well-known transcapillary leakage of 
macromolecules that occurs at sites of oedema and inflammation [55]. In fact, 
studies carried out both in an animal model of Escherichia coli infection [56] and in 
patients with osteomyelitis [41] have shown good imaging properties of radiolabelled 
biotin injected alone, without pretargeting with unlabelled avidin. These observations 
warrant further studies on the exact mode(s) of localization of various 
radiopharmaceuticals at sites of infection/inflammation. In conclusion, this 
investigation confirms on a larger scale the validity of the pretargeting approach with 
avidin and labelled biotin for imaging infection/inflammation of the skeleton, including 
at sites (such as the spine) not easily imaged by conventional scintigraphic 
procedures. The protocol described in this work is highly practicable and can be 
easily implemented in any nuclear medicine department on a routine clinical basis. 
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