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Abstract: Osteomyelitis (OM) is an important cause of morbidity and sometimes mortality in children and adults. 
Long-term complications can be reduced when treatment is initiated in an early phase. The diagnostic gold standard 
is microbial examination of a biopsy and current non-invasive imaging methods are not always optimal. [111In]-leu-
kocyte scintigraphy is recommended for peripheral OM, but is time-consuming and not recommended in children. 
[18F]FDG PET/CT is recommended for vertebral OM in adults, but has the disadvantage of false positive findings and 
a relatively high radiation exposure; the latter is a problem in children. [99mTc]-based tracers are consequently pre-
ferred in children. We, therefore, aimed to find a [99mTc]-marked tracer with high specificity and sensitivity for early 
detection of OM. Suppurating inflammatory lesions like OM caused by Staphylococcus aureus (S. aureus) will attract 
large numbers of neutrophils and macrophages. A preliminary study has shown that [99mTc]-labelled IL8 may be a 
possible candidate for imaging of peripheral OM. We investigated [99mTc]IL8 scintigraphy in a juvenile pig model of 
peripheral OM and compared it with [18F]FDG PET/CT. The pigs were experimentally inoculated with S. aureus to in-
duce OM and scanned one week later. We also examined leukocyte count, serum CRP and IL8, as well as performed 
histopathological and microbiological investigations. [99mTc]IL8 was easily and relatively quickly prepared and was 
shown to be suitable for visualization of OM lesions in peripheral bones detecting 70% compared to a 100% sen-
sitivity of [18F]FDG PET/CT. [99mTc]IL8 is a promising candidate for detection of OM in peripheral bones in children.

Keywords: Animal model, pig, swine, porcine, [99mTc]IL8, scintigraphy, [18F]FDG, PET, CT, SPECT/CT, osteomyelitis, 
staphylococcus aureus

Introduction

Osteomyelitis (OM) is a severe disease in child-
hood, especially in the low income part of the 
world [1, 2]. Acute OM often occurs in children 
and is frequently located in the long bones. In 
high-income countries, the annual incidence is 
13 per 100,000 (acute OM is 8 and sub-acute 
OM 5 per 100,000). The incidence is higher in 
children under the age of 3 years than in older 
children [3]. Severe complications include 
sequester and fistulous tract formation, which 
may ultimately lead to severe deformity of the aff- 
ected bone and reduce the quality of life [1, 2]. 

It is therefore pivotal to diagnose the infection 
in an early state, when curable with antibiotic 
treatment and thus avoid disabling sequelae.

There are different routes of the establishment 
of OM of which the hematogenously spread of a 
microorganism is the most frequent. In 95 per-
cent of the cases, the microorganism is Stap- 
hylococcus aureus (S. aureus) [4]. We have 
therefore developed a juvenile pig OM model 
for hematogenously spread S. aureus [5, 6].

The gold standard for the diagnosis of osteomy-
elitis is bone biopsy with histopathological and 
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tissue culture examination. This will ideally 
direct adequate treatment against the speci-
men obtained. However, this is an invasive pro-
cedure and noninvasive imaging is often pre-
ferred and used for initiation of empirical 
antimicrobial treatment. 

Plain radiographs are often the first step in the 
assessment of OM, since they are inexpensive, 
available, and safe, however radiographic imag-
es show changes only in advanced stages of 
OM, when at least 50 to 75% of the bone is 
destructed, which is typically first detectable 
more than 2 weeks after the infection has 
started [7]. 

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) can also be used for diag-
nosis and evaluation of OM. Both modalities 
show excellent anatomic detail, including the 
destruction of bone cortex, sequester and fis-
tula formation, and soft tissue involvement. CT 
can visualize trabecular bone loss if more than 
50-75% of the bone is lost, but has higher spa-
tial resolution than plain radiography and MRI. 
In addition, it is a useful technique for imaging-
guided needle biopsy and for aspirating mate-
rial for microbiological examination [8]. Also, CT 
is more widely available and image-acquisition 
is faster than for MRI. However, CT contributes 
to ionizing radiation exposure and application 
in children is only advisable after careful con-
sideration. Magnetic Resonance Imaging is the 
modality of choice for early detection of acute 
OM. Bone marrow changes can be detected 
within three to five days after disease onset by 
Fat-Sat T2-weighted imaging [9]. Magnetic 
Resonance Imaging is, however, expensive, 
image-acquisition takes longer time, anesthe-
sia may be necessary, and it is not always avail-
able. In general, nuclear medicine techniques 
have a high sensitivity for detection of osteomy-
elitis by allowing imaging of the whole skeleton 
to look for multiple sites of infection but are lim-
ited by both poor specificity and poor anatomi-
cal localization [10]. Hybrid imaging techniques 
such as single photon emission computed 
tomography/CT (SPECT/CT) and positron emis-
sion computed tomography/CT (PET/CT) pro-
vide more precise anatomical information than 
the conventional nuclear medicine techniques.

Bone scintigraphy with [99mTc] methylene dip- 
hosphonate is more sensitive in detecting the 
early stages of bone repair than radiography 
and lesions in the whole skeleton is easily diag-

nosed by this method [8]. The specificity has 
been reported to be low, as the tracer accumu-
lates in any area with increased bone turnover 
[11-13]. This, however, also depends on the 
stage of the disease and on the age of the 
patient [14]. Previously we have seen that 
[99mTc] methylene diphosphonate did not accu-
mulate in OM of juvenile pigs inoculated with S. 
aureus [15], probably due to a more advanced 
stage according to the Cierny-Mader staging 
[16-18] of OM than would be expected after 
just one week of infection.

Leukocyte scintigraphy is the gold standard in 
nuclear medicine for visualizing OM in the 
peripheral bones [19]. This imaging procedure 
has a higher specificity for OM than bone scan 
(>90% versus 80%) and a sensitivity of 78% 
[20], however the sensitivity decreases from 
84 to 21% for chronic osteomyelitis in the axial 
skeleton, which is “poorly understood, but 
micro thrombotic occlusion and inflammatory 
compression of the blood vessels may prevent 
labelled cells from reaching the site of infec-
tion” [21]. The preparation of radiolabeled au- 
tologous white blood cells is time-consuming 
and there is radiation exposure to the person-
nel and a minor risk of cross-contamination 
between patients [19]. [18F]FDG PET/CT is rec-
ommended for vertebral OM in adults, but nei-
ther PET-tracers nor 111In-based tracers are  
recommended for an examination of children. 
We, therefore, searched for other tracers with 
higher specificity and sensitivity in a porcine 
juvenile subacute OM model, and we have dem-
onstrated a high sensitivity for [18F]FDG obviat-
ing leukocyte scintigraphy in juvenile pigs [15].

Suppurating inflammatory lesions like OM ca- 
used by S. aureus will attract large numbers of 
neutrophils and macrophages [22, 23]. Neutr- 
ophils express two types of interleukin-8 (IL8) 
receptors i.e.; the G-protein coupled C-X-C motif 
chemoreceptors 1 and 2 (CXCR1 and CXCR2) 
[22]. IL8 (also denoted CXCL8) acts in humans 
as a chemo-attractant, and a primer and acti-
vator of neutrophils during inflammation in vari-
ous contexts [22-28]. Neutrophils, like several 
other cell types, have the capacity of IL8 syn-
thesis following a pro-inflammatory stimulus 
[29]. IL8 is secreted by isolated lipopolysaccha-
ride-stimulated porcine pulmonary alveolar ma- 
crophages and has chemotactic activity to- 
wards neutrophils [30], and upregulation of IL8 
receptors in various organs has been verified 
during inflammatory and infectious diseases in 
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the pig [31, 32]. IL8 is produced by osteoclasts 
[33] and stimulates osteoclast genesis and 
bone resorption independent of the RANKL 
pathway [34] and may be important for the 
RANKL-induced osteoclast formation [35]. In a 
previous study, Gross et al. showed that 
[131I]-labelled IL8 could visualize OM lesions in 
active foot infections of diabetic patients [36]. 
However, Rennen et al. have demonstrated that 
radiolabeling with iodine clearly affected the in 
vivo bio-distribution of IL8 [37] and that label-
ling with [99mTc] was preferable compared to 
[131I] for clinical applications as the targets to 
background was superior and the radiation 
exposure was lower [37]. Therefore, [99mTc]-
labelled IL8 has been selected and tested as a 
possible alternative to leukocyte scintigraphy 
for imaging of acute OM.

In this study, we compared [99mTc]-labelled IL8 
with [18F]FDG as a tracer to diagnose experi-
mental S. aureus OM in peripheral bones in a 
set of ten juvenile pigs inoculated with S. aure-
us one week before scanning.

Materials and methods

S. aureus-induced OM model in juvenile pigs

Ten pigs (numbered consecutively), all clinically 
healthy, specific pathogen-free Danish Land- 
race Yorkshire cross-bred female pigs aged 8-9 
weeks having a weight of 19.0-24.5 kg, were 
purchased from local commercial pig farmers. 
After one week of acclimatization, the pigs were 
fasted over-night, premedicated with s-ket-
amine (Pfizer, Ballerup, Denmark) and midazol-
am (B. Braun Medical, Frederiksberg, Denmark) 
intramuscularly, anesthetized with propofol (B. 
Braun Medical, Frederiksberg, Denmark) intra-
venously, and inoculated with a well-character-
ized porcine strain of S. aureus (10,000 CFU/kg 
body weight) into the femoral artery of the right 
hind limb to induce OM in that limb, as descr- 
ibed elsewhere [5]. After onset of clinical signs, 
e.g. limping of the right hind limb, redness, and 
local swelling of the leg, starting typically day 
3-4 after inoculation, the pigs were supplied 
with intramuscular procaine benzylpenicillin 
(10,000 IE)/kg procaine benzylpenicillin (Pen- 
ovet, Boehringer Ingelheim, Copenhagen, Den- 
mark) once daily until 48 hours before scanning 
[6]. The pigs were treated with 30-45 µg/kg 
buprenorphine (Indivier, Birkshire, United King- 
dom) IM thrice daily from inoculation and until 

scanning at day 6 and 7 after inoculation [6]. 
After scanning, pigs were euthanized with an 
overdose of pentobarbitone (Scan Vet Animal 
Health, Fredensborg, Denmark) while still under 
anesthesia. 

Humane endpoints were: anorexia for more 
than 24 hours, superficial respiration, or the 
inability to stand up. After the inoculation, pigs 
were housed in separate boxes, fed twice daily 
with restricted standard pellet diet (DIA plus FI, 
DLG, Denmark) and had ad libitum access to 
tap water. The environment was characterized 
by a room temperature of 20°C, a relative 
humidity of 51-55%, 12 hours light cycles, an 
exchange of air eight times per hour. Pigs were 
fasted overnight prior to anesthesia.

The study was approved by the Danish Animal 
Experimentation Board, license no. 2012-15-
2934-000123 and 2017-15-0201-01239. All 
facilities were approved by the Danish Occu- 
pational Health Surveillance.

White blood cells counts, serum C-reactive 
protein and serum IL8 

Blood samples were drawn on day 0 (inocula-
tion), day 6 (diagnostic CT scan) and day 7 (scin-
tigraphy, SPECT and PET/CT). White blood cell 
counts, including a leukocyte differential count 
were performed by the Veterinary Diagnostic 
Laboratory, Department of Veterinary Clinical 
Sciences, University of Copenhagen, Copen- 
hagen using EDTA-stabilized whole blood and 
an automated complete blood cell counter 
(ADVIA 120 analyzer, Bayer Healthcare Dia- 
gnostics, Berlin, Germany). 

Serum C-reactive protein (CRP) measurements 
were performed according to Heegaard et al. 
[38]. Briefly, a sandwich Enzyme-Linked Imm- 
unoSorbent Assay (ELISA) using dendrimer-
coupled cytidine diphosphocholine in the coat-
ing layer was used employing polyclonal rabbit 
anti-human antibodies with cross-reactivity 
towards porcine CRP followed by a peroxidase-
conjugated goat-anti-rabbit antibody for detec-
tion (both antibodies from DAKO, Glostrup, 
Denmark). Plates were developed with a tetra-
methylbenzidine (TMB) peroxide color sub-
strate (Kem-En-Tec, Taastrup, Denmark). Poo- 
led pig serum calibrated against a human CRP 
calibrator (DAKO A0073) was used as standard. 
All samples were run in duplicates. The detec-
tion limit was 1.42 mg/L (human equivalents).
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Porcine IL8 was measured in serum in a Duoset 
ELISA from R&D Systems (Duoset DY535, R&D 
Systems, Abingdon, UK) which is a sandwich 
ELISA using mouse anti-pig IL8 for catching and 
biotinylated goat anti-IL8 for detection, also 
including a porcine IL8 standard. According to 
the manufacturer, this ELISA shows negligible 
cross-reaction with human IL8. After incuba-
tion with peroxidase-streptavidin also supplied 
in the kits, plates were developed as described 
above. All samples were run in duplicates in a 
dilution of 1:2 with a detection limit of 62.5 pg/
mL.

Microbiology

The inoculum was prepared from the S54F9 
strain of S. aureus, isolated from a chronic 
embolic pulmonary abscess in a pig [39]. The 
strain is pan-susceptible for antibiotics and the 
signs of OM were modifiable with procaine pen-
icillin. Swaps and tissue biopsies were obtained 
post mortem for bacteriological culture to con-
firm the bacterial agent. 

Conjugation of HYNIC to IL8

Recombinant human IL8 (ProSpec catalogue 
no. chm-231, lot number 906PIL821, Ness 
Ziona, Israel) was stored at -20°C. N-(Tris 
(hydroxymethyl)-methyl) glycine (Tricine) was 
purchased from Sigma-Aldrich (Zwijndrecht, 
The Netherlands), glycine was obtained from 
Sigma-Aldrich. Polyoxyethylenesorbitan mono-
oleate (Tween 80) was bought from Genfarma 
(Toledo, Spain). 2-(N-morpholino) ethanesulfon-
ic acid (MES) were purchased from Sigma-
Aldrich and 6-hydrazinonicotinic acid (HYNIC) 
was obtained from Solulink (San Diego, USA).

The IL8-HYNIC conjugate was prepared as 
described previously [40], with minor modifica-
tions. In brief, 500 μg of synthetic human IL8 
was reconstituted in 45 μL of water and incu-
bated for 30 minutes at 4°C. After that 45 µl of 
buffer (0.1 M MES, pH 6.5 and 0.64 M Sodium 
chloride (NaCl) (Merck, Darmstadt, Germany) 
and 10 μL of 1.0 M Sodium hydrogen carbon-
ate (NaHCO3) Merck (Darmstadt, Germany), pH 
8.2 were added. Subsequently, a 3-fold molar 
excess of HYNIC in 10 μL of dry dimethyl sulfox-
ide (Sigma-Aldrich, Zwijndrecht, The Nether- 
lands) was added dropwise to the mixture. After 
incubation for 10 min at room temperature, the 
reaction was stopped by the addition of an 

excess of glycine (100 μL); 1.0 M glycine in 
phosphate-buffered saline (PBS) (B. Braun) 
(Oss, The Netherlands). Next, 0.8 mL of 0.05% 
Tween 80 in PBS was added, and the mixture 
was purified on a PD10 column (GE Healthcare, 
Woerden, the Netherlands) to remove excess 
unbound HYNIC.

Radiolabelling procedure

Two vials of IL8-HYNIC (10 µg) and a vial con-
taining 1.0 mL of the reduction solution (a mix-
ture of 50 µg Tin sulphate (SnSO4) (Sigma-
Aldrich, Zwijndrecht, The Netherlands), 75 mg 
Tricine and 7.5 mg nicotinic acid (Sigma-Aldrich, 
Zwijndrecht, The Netherlands) in PBS) were 
thawed. To prepare the reduction solution, the 
SnSO4, Tricine and nicotinic acid (C6H5NO2) 
were dissolved in 0.1 M Hydrochloric acid (HCl) 
(Merck, Darmstadt, Germany), while continu-
ously bubbling the solution with nitrogen gas. 
The pH was then adjusted to 5.5-6.0 with 1.7 M 
Natrium hydroxide (NaOH) (Merck, Darmstadt, 
Germany) and the final volume was adjusted 
with water (H2O) (Versol, (Lyon, France). Aliquots 
of this mixture were stored under nitrogen gas 
at -20°C.

One of the 10 µg IL8-HYNIC vials was used as 
the reactor for the radiolabeling reaction, the 
content of the other 10 µg IL8-HYNIC vial was 
transfer into the reactor by adding 800 μL of 
the reducing solution to it and then transferred 
the mixture to the reaction vial so that the com-
bined contents of the reactor was 20 µg IL8-
HYNIC and 40 µg SnSO4, 60 mg Tricine and 6.0 
mg nicotinic acid.

Then 1250-1900 MBq of [99mTc]pertechnetate 
was added. The mixture was incubated at 70°C 
for 20 min. The radiochemical purity was deter-
mined by instant thin-layer chromatography on 
ITLC-SG strips (Biodex, Shirley, NY, USA) with 
0.1 M citrate, pH 6.0 as the mobile phase (Rf of 
the [99mTc] IL-8-HYNIC is 0.0-0.2, the Rf of non-
incorporated [99mTc] pertechnetate is 0.8-1.0). 
The efficiency of the labelling reaction was 
higher than 98%. After the labelling reaction 
was complete, the reaction mixture was diluted 
with a 0.9% Sodium chloride (NaCl) (Merck, 
Darmstadt, Germany) solution to a final con-
centration of 100-125 MBq/mL. Syringes ready 
for injection were prepared. The radioactivity of 
the syringes was measured prior to and after 
injection. Pigs received ~400 MBq (range: 310-
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550 MBq) corresponding to 13.1-23.2 MBq/kg 
[99mTc]IL8 per animal and to ~ 6.7 µg IL8 intra-
venously 165-366 minutes prior to performing 
the scintigraphy (Table 1) [40].

[18F]FDG

[18F]FDG was produced by a standard proce-
dure applying a GE Healthcare MX Tracerlab 
synthesizer, Mx cassettes supplied by Rotem 
Industries (Arava, Israel) and chemical kits sup-
plied by ABX GmbH (Radeberg, Germany). 
Radiochemical purity was higher than 99%. 
Normal recommended injected activity for chil-
dren is 3.7-5.2 MBq per kg. The average inject-
ed activity (Table 1) was as 110 MBq (range 
94-149 MBq), corresponding to 4-6.3 MBq/kg. 
The PET was performed ~ 66 min (60-79 min, 
Table 1) after injection of [18F]FDG.

CT, scintigraphy, SPECT, and PET

Diagnostic CT scans were performed one day 
prior to the other scans, i.e. day 6 to evaluate if 
lytic lesions had developed.

The pigs were placed in dorsal recumbence 
during Propofol anesthesia while they were 
mechanically ventilated and CT scanned apply-
ing an integrated system (GE VCT discovery 
True 64 PET/CT 2006, GE Healthcare, USA) 
Reflexes, pulse, oxygen saturation, and body 
temperature were monitored. Initially, a scout 
view was obtained to secure body coverage 
from snout to tail.

Anesthetized, ventilated, monitored pigs were 
again placed in dorsal recumbent position on 

day 7 and PET/CT scanned applying an inte-
grated system (GE VCT discovery True 64 PET/
CT 2006, GE Healthcare, USA), with one bed 
position spanning 15 cm. PET images were 
reconstructed using an iterative algorithm 
(ViewPoint algorithm, GE Healthcare) and atten-
uation correction based on low-dose CT. 

Planar gamma imaging and Single Photon Em- 
ission Computed Tomography (SPECT)/CT were 
performed using a Symbia T16 SPECT/CT 
(Siemens Medical Solutions, Hoffman Estates, 
Illinois, USA). The residual activity from PET iso-
topes was detected as background radiation 
on the SPECT scanner. To minimize the interfer-
ence of this 511 keV background activity, we 
applied the medium-energy collimator [41]. 
Whole-body, planar images were acquired 
using dual-headed simultaneous anterior and 
posterior whole-body acquisition. 

Reading the scans

Positron emission tomography with [18F]FDG, 
SPECT with [99mTc]IL8, and CT scans were read 
individually. PET and scintigraphy were also 
read as fused images with CT. All scans were 
evaluated by an experienced nuclear medicine 
specialist with CT competences. OM lesions 
were identified on CT and the OM volumes were 
calculated as an approximation measured in 
three planes.

Necropsy, histopathology, and immunohisto-
chemistry (IHC)

The pigs were necropsied as described [42]. 
During necropsy, swabs and biopsies were 

Table 1. Tracers and scans

Pig [99mTc]IL8
MBq injected at time 0

Whole Body Scintigraphy
min after injection of tracer

SPECT/CT
min after injection 

of tracer

[18F]FDG
MBq injected 

at time 0

PET
min after injection 

of tracer
1 370 139 165 149 60
2 310 256 294 103 67
3 420 140 164 94 66
4 380 341 366 100 115
5 350 239 265 111 60
6 390 150 175 100 60
7 440 258 283 103 79
8 433 122 150 95 79
9 434 235 265 120 64
10 550 145 170 119 61
Tracer and scanning characteristics. Pig 2 and 8 are marked by bold italic as these pigs did not develop OM.
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sampled for microbial cultivation, and selected 
tissues and organs were sampled for histopa-
thology: right phalangeal bones from pig 9 and 
10, lung tissue from pig 2 and 8, and kidney 
from pig 8. Tissues and organs were fixed in 
3.7% neutral buffered formaldehyde for 4 days 
to 12 months and bones were decalcified for 3 
weeks using 3.3% formaldehyde with 17% for-
mic acid. Hematoxylin and eosin (HE) staining 
was carried out using standard procedures. 
The IHC identification of S. aureus and IL8 was 
performed as presented [43, 44]. We acquired 
sufficient CT, macroscopic, bacteriological, and 
histopathological findings to confirm or reject 
the diagnoses. Specifically, the pigs were 
defined as having attained infection with the 
inoculated S. aureus if bacterial culture and/or 
S. aureus IHC confirmed the presence of S. 
aureus in one or several lesions in each indi-
vidual pig.

Statistics

IBM SPSS version 22 was used for the statisti-
cal analyses.

Pearson r correlation was used for correlations. 
According to the classification system by Salkin, 
r values between 0.8 and 1.0 represent a very 
strong correlation, between 0.6 and 0.8 a 
strong correlation, between 0.4 and 0.6 a mod-
erate correlation, and between 0.2 and 0.4 a 
weak correlation. Values between 0.0 and 0.2 
are classified as showing a weak or no correla-
tion [45]. A t-test was used for comparing 

groups. A paired t-test was used comparing 
infected and not infected limbs. A significance 
level of <0.05 was considered significant.

Results

[99mTc]-labelling of IL8

The radiochemical purity of the [99mTc]IL8 prep-
aration was higher than 98%, determined by 
instant thin-layer chromatography, excluding 
the need for further purification. The specific 
activity of the [99mTc]IL8 preparations used in 
this study was approximately 60 MBq/µg IL8.

Infection model

As the tubular bones, such as tibia and femur, 
are the most common sites of infection in chil-
dren, we used the juvenile OM pig model as it 
develop OM in the exact same location as in 
children [5, 15, 46]. After S. aureus inoculation 
of the juvenile pigs (19-24.5 kg, Table 2) there 
was a significant increase of mean neutrophil 
counts at day 0 and 7 from 5.4 to 10.0 × 109/
mL, respectively (Table 2). Mean CRP increased 
~ 60-fold from day 0 to day 6 with a slight 
decrease day from day 6 to day 7 in the eight 
pigs that developed OM (Figure 1). The differ-
ence between day 0 and day 6 was statistically 
significant (P=0.014) for pigs with OM as well 
as between day 0 and day 7 (P=0.006). There 
was no statistical significance between day 6 
and 7 (P=0.322) for the pigs with OM.

In the two pigs that did not develop OM, the 
mean CRP increased ~ 6-fold day six and 
18-fold day seven (Figure 1). None of the pigs 
reached the humane endpoint as specified in 
the protocol of the study.

Some data from these pigs have been present-
ed previously in earlier studies (see legends in 
Table 3). Histopathology and IL8 IHC of the 
right proximal phalanx from toe IV of pig 9 
revealed presence of a subacute abscess with 
sequestrated bone and fistulation in the 
metaphysis, and presence of cells, mainly neu-
trophils, that were IL8 positive (Figure 2). Thus, 
both pathologically and according to the Cierny-
Mader classification, the infection appeared to 
be subacute or even chronic as early as 7 days 
after the inoculation of S. aureus. S. aureus 
was re-isolated from OM lesions or periosse-
ous abscesses in pigs 1 and 3-7, and from the 

Table 2. Pig characteristics

Pig
Body 

weight/
kg

Neutrophil 
counts day 0

109/L

Neutrophil 
counts day 7

109/L
1 23.6 n.t 5.2
2 23.6 7.1 15.2
3 23.6 n.t. 7.1
4 19.3 6.2 n.t.
5 20.1 4.9 10.1
6 19.0 6.0 9.9
7 19.0 6.1 8.6
8 20.0 4.2 9.9
9 20.5 4.1 13.6
10 24.5 5.0 10.3
Pig 2 and 8 are marked by bold italic as these pigs did 
not develop OM. n.t: not tested as the blood sample was 
missing.



Imaging osteomyelitis in pigs with [99mTc]IL8

38 Am J Nucl Med Mol Imaging 2020;10(1):32-46

inoculation site abscess in pig 9 (OM or perios-
seous lesions not tested). S. aureus was identi-
fied by IHC and microbiological examination in 
an OM lesion in pig 10. Pigs 2 and 8 did not 
develop OM, however, an inoculation site 
abscess was identified by CT and also by FDG 
(Table 3).

Imaging

CT-scans: CT scans revealed the presence of 
OM lesions in eight of the ten pigs (Table 3); two 
pigs, pig 2 and 8, did not develop any OM 
lesions. 

A total of 23 OM lesion sites developed in the 
pigs after inoculation. They were all identified 
by [18F]FDG PET and CT. 16 of the 23 OM (~70%) 
were identified by [99mTc]IL8 (Table 3). There 
was no pattern of degree of [99mTc]IL8-uptake 
concerning the anatomical location. 21 OM 
lesion sites had developed sequesters and 19 
had developed fistulous tracts. 

Scintigraphy of osteomyelitis

The data for the radioactive tracers are listed in 
Table 1. Time from the injection of the tracer to 
scintigraphy varied from ~ 2 to 6 h. [99mTc]IL8 
uptake did not depend on the time from injec-
tion to scan in OM (P=0.69), but in the non-
infected contra-lateral anatomical sites, there 
was a negative strong correlation between time 
from injection to scan (r=-0.64, P=0.001), indi-

cating a transient uptake in non-infected 
bones. [99mTc]IL8 uptake in OM lesions corre-
lated moderately and positively with the inject-
ed activity of [99mTc]IL8 (r=0.5, P=0.016). [18F]
FDG uptake in OM lesions correlated positively 
with the injected [18F]FDG activity (P=0.030). 

[99mTc]IL8 also accumulated variably in non-
infected (Table 4) and in various infected areas 
in other locations in the body, such as in 2 out 
of 7 soft tissue abscesses of the neck (identi-
fied by CT [46]) and at the site of inoculation, 
and in pulmonary infections (Table 3).

Single photon emission computed tomography 
(SPECT) (Figure 3) shows the bio-distribution of 
[99mTc]IL8 in a pig without OM (pig 8). For com-
parison, a maximum intensity projection (MIP) 
of [18F]FDG is included for the same pig. The 
uptake of IL8 in various organs (cpm) and the 
maximal Standardized Uptake Value (SUVmax) 
for [18F]FDG are shown in Table 4 in the non 
infected pigs. The main difference is the 
marked uptake of [99mTc]IL8 in the parenchyma 
of the kidneys and the relatively low excretion 
through the urinary tract during the scan period 
which was not observed with [18F]FDG. Another 
major difference is the high uptake of [18F]FDG 
in the heart.

As shown in Figure 3, [99mTc]IL8 accumulated in 
the epiphysis and growth zones of long bones, 
in vertebrae, lungs, liver, spleen, and kidneys. 
The tracer was excreted/metabolized by the 
kidneys. Figure 4 shows accumulation in anoth-
er pig that was without OM (pig 2) of [99mTc]IL8 
in the caudal parts of the lungs and also in the 
areas of atelectasis (right lung) that developed 
during the experiment. 

In Figure 5, the accumulation of [18F]FDG and 
[99mTc]IL8 is shown in 3 OM lesions located in 
the proximal fibular, the proximal tibial, and the 
III metatarsal bone of pig 4. Diagnostic CT 
scans the day before showed both sequester 
and fistulous tract formation of all three OM 
lesions (Figure 5). In Table 5 the uptake of trac-
ers is listed in OM lesions. [99mTc]IL8 was physi-
ologically accumulating at the ends of the long 
bones (Figures 3 and 5), but [99mTc]IL8 accumu-
lation was higher (P<0.00001) and more focal 
(Figure 5) in the infected bone lesions than in 
the contra-lateral corresponding anatomical 
sites in the non-infected bones. There was no 
correlation between [99mTc]IL8 uptake in the 
right infected limb and in the left limb without 
OM (r=0.08, P=0.74).

Figure 1. Mean serum concentration of CRP in µg/ml 
and error bars in pigs with OM (n=8) and without OM 
(n=2) measured before (white boxes), 6 days after 
(gray boxes) and 7 days after (black boxes) inocu-
lation with S. aureus. The diference between day 0 
and day 6 was statistically (P=0.014) significant for 
pigs with OM as well as between day 0 and day 7 
(P=0.006). There was no statistical significans be-
tween day 6 and 7 (P=0.322) for the pigs with OM.
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There was a moderate and positive correlation 
between the volume of OM measured on diag-
nostic CT scans and [18F]FDG uptake indicated 
by SUVmax on day 7 (r=0.45, P=0.033). The 
[99mTc]IL8 uptake in OM in the right hind limbs 
correlated weakly and positively with the vol-
ume of OM on CT, however not significantly (r= 
0.39, P=0.067). There was no difference of 
[99mTc]IL8 uptake in OM with neither fistulas 
compared to OM without fistulas (P=0.135), 
nor to [99mTc]IL8 uptake in OM with sequesters 
versus OM without sequesters (P=0.560). For 
[18F]FDG uptake with formations of sequesters 
and fistulous tracts compared to OM lesions 
without such formations no differences could 
be detected (P=0.253 for sequester and P= 
0.093 for fistulous tract formation). 

Serum IL8 and CRP

There was a moderate and positive correlation 
between the volume of the OMs measured on 
diagnostic CT scans and CRP at day 6 (r=0.5, 
P=0.037).

[99mTc]IL8 uptake in the OM lesions as quanti-
tated at day 7 after the inoculation correlated 
positively with serum IL8 at day 0 (P=0.003), 
CRP at day 6 (P=0.004), and with [18F]FDG-
accumulation in the OM (P=0.017). Neither 
CRP nor IL8 levels measured in serum corre-
lated at any time points with the [18F]FDG 
uptake in the OM lesions at day 7 (day 1, 6 and 
7; P=0.11, P=0.412, and P=0.88, and P=0.84, 
P=0.27, and P=0.28).

Discussion

This study showed, that [99mTc]IL8 is suitable for 
visualizing OM lesions in peripheral bones of 
pigs as early as 2 hours after injection of the 
tracer. Even though there was a diffuse physio-
logical accumulation in the epiphyses/metaph-
yses of the long bones in pigs, it was possible 
to differentiate between normal diffuse physio-
logical uptake of [99mTc]IL8 in bone ends and 
the increased focal and pathological accumula-
tion in OM lesions in the same locations. A key 

Table 3. Lesions by CT, necropsy, microbiology, and scans
Pigs
Lesions and findings 1 2 3 4 5 6 7 8 9 10

Osteomyelitis (OM) CT1 5 0 3 3 5 1 2 0 3 1
Necropsy 4 0 3 3 3 1 2 0 22 03

Microbiology4 + n.t.5 + + + + + n.t. n.t. +6

[18F]FDG1 5 0 3 3 5 1 2 0 3 1
[99mTc]IL81 2 0 0 3 4 1 2 0 3 1

Inoculation site abscess CT7 - + - + + + + - + (+)
Necropsy - -7 - + + + + - + +
Mircobiology4 n.t. - n.t. + + + + n.t. + +8

[18F]FDG - (+) - - (+) + + - + (+)
[99mTc]IL8 - - - - (+) + + - (+) -

Lungs with pneumonia CT - - + - - - + - - +
Necropsy -9 -9 +10 - -11 -9 + -11 -11 +
Microbiology - - - - - - + - - +12

[18F]FDG (+) - - - - (+) + - + +
[99mTc]IL8 (+) + (+) - - (+) + (+) - -

[99mTc]IL8 and [18F]FDG accumulation in OM and abscesses in the right inguinal region and in neck muscles (Temgesic injec-
tions). Pig 2 and 8 are marked by bold italic as these pigs did not develop OM. Some data from the pigs have been published 
previously: pigs 1, 3, 4, 6, 7, 9, 10 [53]. +; identified. (+); identified, but more difficult to detect. 1: Number of OM lesions 
sites; thus by Computed Tomography (CT), [18F]FDG and [99mTc]IL-8 OM lesions were defined by location, not the number, i.e. 
presence in distal femur, proximal tibia, distal tibia, proximal fibula, proximal metatarsal bone, distal metatarsal bone, proximal 
phalanx, and/or distal phalanx; in pig no 1 both tracers additionally accumulated in the left distal femur (no osteomyelitis), in 
left site lymph nodes, and in an abscess next to the calcaneus, but the antibiotic sensitivity indicated that S. aureus from the 
abscess belonged to another strain, different from the inoculated; 2: one additional OM lesion found by histology; 3: two OM 
lesions found by histology; 4: reisolation of S. aureus from OM and/or periosseous abscesses; 5: n.t. not tested; 6: OM positive 
by microbiology and immunohistochemistry for S. aureus; 7: seroma identified; 8: Another strain i.e. MRSA; 9: atelectasis and 
edema; 10: bronchopneumonia; 11: atelectasis; 12: Not the inoculated S. aureus strain and not MRSA.
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occur mainly in the femoral diaphysis and femo-
ral head [16, 51, 52].

We, therefore examined a molecular rather 
than cellular tracer, namely the [99mTc]IL8 tracer 
for detecting OM in a pig model and compared 
it with [18F]FDG PET as we have had 100% suc-
cess by demonstrating OM in this model with 
[18F]FDG [15, 46, 53, 54].

[99mTc]IL8 offers several advantages compared 
to radiolabeled leucocytes. The radionuclide 
[99mTc] is preferred due to ideal physical charac-
teristics such as short half-life (6 h), ideal ener-
gy (140 keV) for scintigraphy, and low radiation 
burden for the patient, its cost-effectiveness, 
and the general availability. Preparation of 
[99mTc]IL8 is straight forward and rapid with a 
preparation time of less than 45 minutes and 
without need for further purification, whereas 
the preparation of labelled leukocytes is more 
time-consuming and the living cells should be 
handled carefully to preserve their viability and 
their migration capacity. In addition, the need 
to handle blood with potentially viable microor-
ganisms may pose a risk of transmission to 
both technicians and patients and should be 
avoided if possible. 

[99mTc]IL8 accumulated mainly in the kidneys 
(Figure 3). This may be consistent with earlier 
findings in humans kidneys [40], which do 
express IL8 [55].

Circulating neutrophils pass through the narrow 
pulmonary capillary bed. Under normal physio-
logical conditions, there may be longer pulmo-
nary microvascular transit of neutrophils com-
pared to erythrocyte transit in humans [14]. In 
pigs, the lungs have much of the function of the 
human spleen, functioning almost like an infec-
tion filter [56]. At ~ 230 min after [99mTc]IL8 
injection, this seemed not to be a major inter-
pretation problem, although increased uptake 
was seen in atelectasis and edematous chang-
es (Figure 4). This may indicate that the intra-
vascular macrophages or neutrophils in porcine 
lungs may possess upregulated IL8 receptors 
and that the cells may accumulate in conges-
tive/hypostatic atelectasis seen on CT and at 
necropsy. Another explanation could be that 
the density of IL8 receptors increases when 
atelectasis occurs. The infectious foci in the 
lungs were, however, distinguishable from phys-
iological activity, and [99mTc]IL8 may be a fair 

Figure 2. Histopathology, mid-sagittal section of right 
proximal phalanx from toe IV, pig 9. Osteomyelitis 
is seen in the metaphysis distal to the growth plate 
and penetration of the cortical bone by the infection. 
Sequesters (S) and neutrophils (N) forming an intra-
medullary abscess close to the growth plate. Bar 4.5 
mm. Hematoxylin and Eosin. Insert, immunohisto-
chemically stain for IL8 corresponding to the framed 
area, and showing large areas of positive cells, pri-
marily neutrophils. Bar 0.54 mm. Below is seen a CT 
scan (A) and a fusion image of IL8 scintigraphy and 
CT (B) of the same lesion indicated by arrows.

mechanism of bone marrow stromal cell medi-
ated healing and tissue regeneration is the 
paracrine secretion of various growth factors 
and cytokines [47]. Epidermal Growth Factor 
(EGF) stimulates the gene expression of growth 
factors and cytokines such as IL8 as well as 
EGF-receptor ligands [48, 49].

Radiolabeled autologous white blood cells 
(WBCs) are the gold standard for imaging of 
various infectious diseases, including OM par-
ticularly the appendicular skeleton. Radioactive 
labelling of autologous leukocytes has some 
disadvantageous production conditions, and it 
has been documented that approximately 14% 
of acute OM lesions may appear as cold lesions 
on scintigraphy [50], most likely because sub-
periosteal and intraosseous inflammatory dis-
charge compresses the microcirculation of the 
involved bone. This compression is thought to 



Imaging osteomyelitis in pigs with [99mTc]IL8

41 Am J Nucl Med Mol Imaging 2020;10(1):32-46

Table 4. Bio-distribution of [99mTc]IL8 and [18F]FDG in the pigs without OM and systemic infections

Tracer Lung Liver Spleen Kidney Urine Heart Brain Thymus Small Intes-
tine

Lumbar Ver-
tebra

[99mTc]IL8 counts/min 450 (196-1021) 695 (433-968) 882 (468-1785) 13578 (1461-32609) 2907 (467-8486) 329 (127-666) 135 (28-505) 210 (123-279) 666 (170-533) 359 (294-1070)

[18F]FDG SUVmax 0.6 (0.2-1.0) 1.5 (1.1-1.2) 2.7 (0.5-3.5) 2.4 (1.6-3.5) 53.5 (5.8-84.2) 12 (5.1-22.3) 2.9 (1.8-3.6) 2.4 (1.3-3.1) 2.9 (2.6-4.3) 1.6 (1.3-2.0)

Mean uptake of [99mTc]IL-8 and [18F]FDG in various organs of the two juvenile pigs without OM.
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tracer for infection/inflammation in the lungs of 
humans when plain radiography and CT cannot 
provide sufficient information, as IL8 is the 

major neutrophil chemotactic factor in humans 
[57]. In abscesses, at the site of inoculation, 
the [99mTc]IL8 tracer performed well. Normally, 
early or acute OM is considered to occur within 
7 days after inoculation/induction of the infec-
tion, but sequester and fistulous tract forma-
tion indicates a more advanced stage of the 
infection [16-18]. Histology also showed a sub-
acute stage of infection. By IHC there were IL8-
producing neutrophils and a higher degree of 
exudation in the periphery of OM. In the center 
of OM, sequesters occupy the space, which 
prevent accumulation of neutrophils. Also, IHC 
often “favours” the peripheral part of a tissue 
section, which displays the “brightest” IHC 
staining, probably due to more favorable “con-
centration gradients” of antibodies along the 
periphery of the droplets applied to the tissue 
section. For [18F]FDG, the uptake did not corre-

Figure 5. Left: [18F]FDG (maximal intensity projection 
(MIP), upper) and [99mTc]IL8 (MIP lower) uptake in pig 
4 with 3 osteomyelitis lesions in the right hind limb 
as indicated by arrows. Right: CT (bone window) of 
A: osteomyelitis in proximal tibia and fibula, and of 
B: osteomyelitis in the third metatarsal bone. All OM 
having formed sequesters and fistulous tracts.The 
lesions are marked with an arrow. To the right in the 
CTs is shown a size bar (5 cm). 

Figure 4. The figure shows [99mTc]IL8 uptake in pig 
2 without OM (A) in atelectasis and edematous 
changes in the right caudal lung without pneumonia 
and (B) CT of the same lung. Immunohistochemically 
stain for IL8 showed no detectable IL8 in the lung 
parenchyma (not shown). R: Right site.

Figure 3. MIPs are showing the biodistribution of 
[99mTc]IL8 (A) and [18F]FDG (B) in pig 8 without OM. 
Above these is shown the immunohistochemically 
stain for IL8 in the lung (scalebar: 25 µm). There was 
detectable IL8 in the lung parenchyma in and close 
to macrophags.
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late significantly with the formations of seques-
ters and fistulous tracts (23 OM lesions). We 
have, however, previously in a larger experi-
ment (56 OM lesions) found a statistically sig-
nificant accumulation of [18F]FDG in such for-
mations [56]. In the present study, the same 
tendencies were seen and the lack of statisti-
cal significance may be ascribed to a number-
effect as almost all OM had formed sequesters 
and/or fistulas in the present study, indicating 
more advanced stages according to Cierny-
Mader staging [16-18].

IL8 shows a wide receptor-binding activity 
across species, including human to pig reactiv-
ity [58]; also, porcine and human IL8 amino 
acid sequences are 73% identical supporting 
that they will be able to bind to the same recep-
tor [58] and importantly for the study, the affin-
ity of human IL8 for the porcine IL8 receptor 
(and the homology between the human and the 
porcine IL8 receptor) resulted in fair imaging of 
OM in pigs. Human IL8 binding may activate 
porcine cells which may not be a problem for 
the labelling itself, however, could be a theoreti-
cal problem for the pig resulting in exacerbation 
of inflammation. We expect that the tracer will 
perform even better and be more specific in 
humans.

CRP is a non-specific marker of infection as it 
increases during inflammation and in cancers, 
thus reflecting a lot of concomitant processes. 
To some extent one can argue likewise for neu-
trophils and other infection/inflammation mark-
ers, like e.g. IL8. CRP will be affected by lesions 
at other locations besides the bones, but the 
extent of extra-osseous lesions may correlate 
themselves to the size of lesions in bones. The 
results from correlating blood infection/inflam-
mation markers to e.g. tracer accumulation 
should thus be taken with caution and will 
require a larger sample size. Also, it has earlier 
been demonstrated that laboratory findings 

typically show an increase of CRP and erythro-
cyte sedimentation rate (ESR) especially in 
acute osteomyelitis in children whilst the white 
blood count may be normal [4, 59]. We did not 
measure ESR or daily changes. Our juvenile 
pigs presented subacute to even chronic OM 
after just one week.

In conclusion, this study showed that the radio-
labelled pro-inflammatory chemotactic chemo-
kine [99mTc]IL8 visualized OM lesions 7 days 
after inoculation presumably by targeting the 
surface receptors on the infiltrating neutro-
phils. Furthermore, [99mTc]IL8 performed well 
detecting 70% of the OM lesions, correspond-
ing to the 78-79% we previously found for 
[111In]-labelled autologous leucocytes [15, 59]. 
Our tracer was based on human IL8, and we 
therefor anticipate the results in humans to be 
better than in pigs. The quick and simple prepa-
ration, early and good image quality, and lower 
radiation burden suggest that [99mTc]IL8 may be 
a suitable imaging alternative for the scintigra-
phy evaluation of acute OM in children, although 
less sensitive than [18F]FDG PET.
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Table 5. Size of and tracer uptake in osteomyelytis lesions
Size of lesion and tracer uptake Mean Minimum Maximum SD Median
OM volume1 cm3 0.636 0.01 3.84 0.855 0.360
[99mTc]IL8 in OM, right limb2 counts/second 1001 366 2714 552 886
[99mTc]IL8 in corresponding site without OM, left limb counts/second 439 62 941 283 435
SUVmax of [18F]FDG in OM1 g/mL 4.7 1.0 10.1 2.0 4.5

1: 23 OM lesions; 2: 16 OM lesions. Volumes in cm3 and uptake of [99mTc]IL8 in counts per sec and FDG as SUVmax in g/mL of 23 osteomyelitis 
(OM) lesions (of these 16 had IL8-uptake vs. 23 had FDG-uptake). For comparison the uptake of [99mTc]IL8 in the corresponding anatomical site 
of the hind limb without OM is shown.
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