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Abstract

Purpose: Diagnosis and therapeutic monitoring of chronic bacterial infection requires methods to
detect and localize sites of infection accurately. Complement C3 activation fragments are
generated and covalently bound to selective bacterial pathogens during the immune response
and can serve as biomarkers of ongoing bacterial infection. We have developed several probes
for detecting tissue-bound C3 deposits, including a monoclonal antibody (mAb 3d29) that
recognizes the tissue-bound terminal processing fragments iC3b and C3d but does not
recognize native circulating C3 or tissue-bound C3b.

Procedures: To determine whether mAb 3d29 could be used to detect chronic Mycobacterium
tuberculosis infection non-invasively, aerosol-infected female C3HeB/FeJ mice were injected
with ['?®1]3d29 mAb and either imaged using single-photon emission computed tomography
(SPECT)/X-ray computed tomography (CT) imaging at 24 and 48 h after radiotracer injection or
being subjected to biodistribution analysis.

Results: Discrete lesions were detected by SPECT/CT imaging in the lungs and spleens of
infected mice, consistent with the location of granulomas in the infected animals as detected by
CT. Low-level signal was seen in the spleens of uninfected mice and no signal was seen in the
lungs of healthy mice. Immunofluorescence microscopy revealed that 3d29 in the lungs of
infected mice co-localized with aggregates of macrophages (detected with anti-CD68
antibodies). 3d29 was detected in the cytoplasm of macrophages, consistent with the location
of internalized M. tuberculosis. 3d29 was also present within alveolar epithelial cells, indicating
that it detected M. tuberculosis phagocytosed by other CD68-positive cells. Healthy controls
showed very little retention of fluorescent or radiolabeled antibody across tissues. Radiolabeled
3d29 compared with radiolabeled isotype control showed a 3.5:1 ratio of increased uptake in
infected lungs, indicating specific uptake by 3d29.

Conclusion: 3d29 can be used to detect and localize areas of infection with M. tuberculosis non-
invasively by 24 h after radiotracer injection and with high contrast.
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Introduction

Mpycobacterium tuberculosis is the causative agent of tubercu-
losis (TB) and is responsible for 10.4 million new cases of active
TB and 1.8 million deaths in 2015 alone [1]. Active TB results in
illness and potential for spread while latent TB is thought to be
caused by “dormant” bacteria and is non-contagious. M.
tuberculosis is a difficult pathogen to detect and treat in that it
evades the host immune system by living within alveolar and
peripheral macrophages as well as within other tissues in the
body including kidney, brain, and spine [2—5]. Infection with M.
tuberculosis can also lead to the development of fibrous
granulomas in lung tissue, which isolate living bacteria from
pharmacotherapies, rendering treatment protracted and detection
of active disease subject to sampling error and low sensitivity.
Poor compliance can lead to drug resistance and higher rates of
transmission. Detection of active TB at any stage is important for
correct diagnosis, delineating the extent of disease and deter-
mining when it is safe to stop treatment.

The complement cascade exhibits diverse mechanisms of
activation as well as selective deposition of the resulting
complement cleavage products according to the molecular
environment. The alternative pathway (AP) requires no
antibody-antigen complex initiation and is characterized by
enzymatic cleavage pathways beginning with complement 3
(C3). While the parent C3 molecule is ubiquitous, C3d, the
terminal fragment of C3 cleavage, is generated in very limited
circumstances [6], including some autoimmune diseases and
directly by some species of bacteria, including M. tuberculosis. In
the case of enzymatic cleavage of C3 through the AP initiated by
M. tuberculosis, C3d is covalently bound to the outer membrane
of the mycobacterium, where it modulates B cell and follicular
dendritic cell-specific activation through host complement recep-
tor (CR2) and facilitates soft entry into host macrophages through
CR3 [7]. The 3d29 mAb recognizes both penultimate iC3b and
the terminal fragment, C3d, each of which is covalently bound to
the mycobacterium and has been used here as a direct biomarker
for mycobacterial burden [6, 7]. Other pathologic conditions that
generate C3d include infection with Staphylococcus aureus [6, 7],
certain autoimmune disorders including systemic lupus erythem-
atous, rheumatoid arthritis, age-related macular degeneration, and
C3 glomerulopathies, and certain cancers [7-13]. In non-
infectious cases, C3d is generated by and bound to
antigens, which then largely interact with monocytes and
neutrophils, which is then presented to B cells, dendritic
cells, and macrophages as mentioned above. In the current
study, we employ a novel imaging probe, ['*°1]3d29 mAb,
to detect and localize M. tuberculosis infection in a rodent
pulmonary model using single-photon emission computed
tomography (SPECT)/X-ray computed tomography (CT)
imaging.

Methods
Animal Model

All procedures were conducted using Johns Hopkins
University Animal Care and Use Committee-approved
protocols. Female C3HeB/Fe]J mice (Jackson Labs, Bar
Harbor, ME) were prepared and housed as described
previously [14, 15]. Mice were aerosol-infected with frozen
stocks of M. tuberculosis H37Rv, using the Middlebrook
Inhalation Exposure System (Glas-Col). At least three mice
were sacrificed 1 day after infection and at the imaging time
points to determine the number of implanted bacilli in the
lungs. The entire lungs were harvested from infected
animals, homogenized in PBS, and plated by serial dilution
onto Middlebrook 7H11 selective plates (Becton Dickinson).
All plates were incubated at 37 °C for 4 weeks to determine
bacterial burden. A separate group of ten animals, from the
same infected cohort, were used for SPECT/CT (n=3) and
biodistribution studies (n = 6), while one mouse was infected
for ex vivo fluorescence microscopy. Four mice were left
uninfected to serve as healthy controls for SPECT/CT (n=3)
and ex vivo fluorescence microscopy (n=1). Infected mice
were used between 8 and 10 weeks post-infection. All mice
were 18-20 weeks of age. Day | post-infection colony-
forming units (CFUs) were log;g 1.93+0.12 for all of the
mice used in these experiments. At the time of imaging, the
average CFU was log;o 7.8 £0.24.

Radiolabeled 3d29 mAb and Isotype Control

Purified, carrier-free 3d29 [9] and isotype mAb (murine
1gGy,, abl170191, Abcam, Cambridge, MA) were labeled
using the Iodogen™ method [16]. Briefly, a glass vial was
freshly coated with lodogen™ reagent (Pierce-Thermo
Scientific, Waltham, MA), according to the manufacturer’s
instructions. A 100-pul solution of 100 pg of 3d29 or isotype
in PBS was added to the source vial of carrier-free,
concentrated (37 MBq/ul) ['*I]Nal (Perkin Elmer, Wal-
tham, MA) and that solution was immediately added to the
Iodogen-coated vial. The labeling reaction proceeded for
12 min at ambient temperature and was then applied to the
top of a PBS-conditioned Sephadex G-25 size exclusion
column (GE, Fairfield, CT). The column was conditioned
and eluted per manufacturer’s instructions and radiolabeled
antibodies were stored on ice prior to subsequent injection.
Radio thin layer chromatography (TLC) using the Gelman
strips (Gelman Life Sciences, Ann Arbor, MI) developed in
acetate citrate dextrose buffer (Sigma-Aldrich, St. Louis,
MO) indicated radiochemical purity (>92 %).
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Fluorescent 3d29 mAb and Immunofluorescence

One hundred micrograms of 3d29 was brought to 100 ul with
PBS, pH 7.4 in a microcentrifuge tube. One microliter of a stock
solution of IRDye680RD-NHS (50 mg/ml in DMSO, LI-COR
Biosciences, Lincoln, NE) was then added to the antibody
solution and the labeling reaction proceeded at ambient
temperature for 12 min. Unincorporated dye was removed as
described above using Sephadex G-25 size exclusion columns.
Antibody purity was tested using the Whatman 60 A silica TLC
(Sigma-Aldrich), developed in acetonitrile with UV/vis detec-
tion (>95 %). Lung tissues from M. tuberculosis-infected
C3HeB/Fel mice were harvested following systemic perfusion
with PBS and subsequent isoflurane-eased euthanasia induced
by cervical dislocation. The lungs were fixed for 24 h in 10 %
formalin, embedded in paraffin, and sectioned to 4 um on
charged glass using a standard microtome. The slides were
probed with the following primary and fluorescent secondary
antibodies: 3d29-IRDye680RD (1:67), macrophage (primary:
anti-CD68—Abcam ab53444, 1:40; secondary: sheep anti-rat-
IgG-FITC antibody—Abcam ab6848-1, 1:250) and nuclear
staining (Hoechst 33342; Fisher Scientific—1 ng/ml). The
primary antibodies were probed simultaneously in 10% fetal
bovine serum in PBS and viewed using a Nikon 80i upright
epifluorescence microscope equipped with a Nikon DS-QilMc
darkfield CCD camera and excited by a Nikon Intensilight C-
HGFI lamp. All images were recorded and processed using
Nikon Imaging Software Elements.

SPECT/CT Imaging

Mice infected with M. tuberculosis for 10 weeks and age-
matched healthy controls were injected intraperitoneally
with 85.1+£7.4 MBq (5.55 MBq/pg) (2.3+£0.2 mCi,
150 uCi/pg) of ['*°113d29 mAb or 55.5+7.4 MBq
(1.37 MBq/pg) (1.5+0.2 mCi, 37 pCi/pg) of ['**I]isotype
antibody and scanned using a Mediso NanoSPECT/CT
imager (Budapest, Hungary) 24 and 48 h after radiotracer
injection. The mice were scanned within biocontainment tubes
equipped to deliver 1.75 % isoflurane in oxygen flowing at
2 1/min as described previously [17]. Images were acquired over
24 projections using 75 s/projection and the data were
reconstructed using the manufacturer’s software. All images
were viewed and displayed using AMIDE software http://
amide.sourceforge.net/. Three-dimensional isocontours of lung
and splenic lesions were generated in AMIDE using a threshold
of 1.5 % ID/g. Visual inspection of contours revealed high
fidelity of lesion inclusion for subsequent summation of SPECT
data to produce lesion means, and deviations.

Ex Vivo Biodistribution

Six M. tuberculosis-infected mice and three healthy control
mice were injected intraperitoneally with either 555.0+
5.6 kBq (15+ 1.5 pCi, 150 uCi/pg) of ['**1]3d29 (n=6) or

the same amount of radioactivity of isotype control
(1.67 MBq/ug, 45 pCi/png, n=3), as indicated. The mice
were sacrificed 24 h following radiotracer injection by
cervical dislocation followed by rapid removal and weighing
of selected tissues before placing each tissue in 10-ml Falcon
tubes (Fisher Scientific, Franklin, NJ) containing formalin
(Fisher Scientific). Tissues were left to disinfect for 24 h
prior to counting each tube in an automated gamma counter
(LKB Compugamma CS 1282, Mt. Waverly, Victoria).
Tissue counts were compared to a 1:10 diluted standard and
percent injected dose per gram (%ID/g) of wet tissue per
body weight (standardized uptake values (SUVs)) were
calculated for each tissue. Percent injected dose per organ
per body weight values for two tissues were also calculated
to normalize for variable edematous lung weights due to
infection heterogeneity.

Statistics

P values were calculated using Microsoft Excel using a
paired, two-tailed # test where P <0.05 was considered to be
statistically significant.

Results

SPECT/CT Imaging of Infected and Healthy Mice
with ['1]3d29 and ['*°1]IgG>, (Isotype)

Two healthy mice and two mice infected with
M. tuberculosis were injected with ['%°1]3d29 while another
pair of healthy and infected mice were injected with
['*I]IgG,, isotype. The mice were imaged using SPECT/
CT at 24 and 48 h post-injection. At 24 h post-injection, 3D
maximum intensity projections (MIPs) of healthy mice
injected with ['*°1]3d29 showed a small amount of uptake
in the spleen (S) as well as in the thyroid (T) due to in vivo
dehalogenation (Fig. la) of the radiolabeled antibody [18—
20]. Otherwise, all other healthy tissue uptake was low
(1.2 % ID/g). Mice infected with M. tuberculosis that were
injected with ['*°1]3d29 showed discrete, focal uptake in the
lungs (lesion range 6.9-18 % ID/g) and within
hypertrophied spleen (range 3—5 % ID/g) (Fig. 1b) as well
as free radioiodide in the thyroid. Superficial cervical lymph
nodes are also visible. Figure 1c, e (also Suppl. Fig. 1; see
electronic supplementary material: ESM) depicts SPECT/CT
slices in three planes showing ['*°1]3d29 overlay with CT-
opaque pulmonary lesions. At 48 h post-injection (Fig. 2a),
healthy mice again displayed low radiotracer uptake in the
spleen (S) along with thyroid (T) uptake of radioiodide while
remaining tissues were clear. Infected mice (Fig. 2b)
displayed radiotracer uptake in the lungs and spleen (S) but
in a less discrete pattern than at 24 h. Kidney (K) uptake was
also apparent as well as radiotracer within thyroid.
Figure 2c—e (also Suppl. Fig. 2, ESM) shows SPECT/CT
slices in three planes demonstrating less discrete uptake of
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Fig. 1. SPECT/CT imaging of uninfected and TB-infected mice with ['2°]3d29 at 24 h post-injection. a Coronal and sagittal
MIP images of a healthy mouse showing slight uptake at the head of the spleen (S) and metabolized radioiodine uptake in the
thyroid (T). b Coronal and sagittal MIP images of an M. tuberculosis-infected mouse showing focal lung uptake along with
strong uptake in inflamed spleen (S). Metabolized radioiodine uptake in the thyroid (T) is also apparent. ¢ Transaxial, d coronal,
and e sagittal slices, respectively, of the mouse depicted in b showing overlay of radiotracer signal with CT-opaque granulomas
in lung. White crosshairs show a selected lesion in each slice representation.

radiotracer in infected lungs with a TB lesion identified by
white crosshairs.

M. tuberculosis infected and healthy mice were similarly
imaged using radioiodinated isotype control antibody to
delineate non-specific uptake of injected murine IgG,,
immunoglobulin. Figure 3a shows coronal and sagittal MIPs
of a healthy mouse at 24 h post-injection. Stomach (St) and
thyroid (T) are the only tissues showing signal and represent
radioiodide [21]. Infected mice imaged at 24 h (Fig. 3b)
showed thyroid, stomach, and urinary bladder. Figure 3c
shows a healthy mouse imaged at 48 h demonstrating only
thyroid signal. In Fig. 3d, the infected mouse at 48 h post-
injection also demonstrated uptake only within thyroid.

Ex vivo biodistribution of ['°1]3d29 and
[ 111gG>, in healthy and M. tuberculosis-
infected mice

Figure 4 shows a graph of ['%1]3d29 uptake in selected
infected and healthy mouse tissues depicted as standardized
uptake values (SUVs) except the one noted by an asterisk.
The asterisk values are %ID per whole organ to offset the
substantially increased and variable edema present in
infected lungs. Across the tissues assayed, there was no
statistically significant difference (P <0.05) in uptake

between 3d29 and isotype control antibodies in control
tissues. A 3.3-fold increase in whole lung (lung*) uptake of
3d29 over isotype in TB mice as well as for 3d29 in TB over
healthy mice was observed, but was not statistically
significant. Additionally, a nearly 2:1 difference in
3d29:isotype uptake in kidney and muscle was observed.
Healthy mice showed an increased white fat (SUV) uptake
of ['*113d29 (3.98:1) compared with isotype and 3d29
uptake in mice infected with M. tuberculosis. Healthy adult
C3HeB/Fel are known for autoimmune etiologic obesity
[22] while M. tuberculosis-infected mice have little observ-
able body fat.

Immunofluorescence microscopy of
M. tuberculosis-infected and non-infected mouse
lung

Sections of lungs taken from infected and healthy mice were
probed with anti-CD68 antibody to delineate all phagocytic
cells and fluorescently labeled 3d29 to determine the cellular
distribution of C3d/iC3b in M. tuberculosis-infected and
healthy lungs. Figure 5 shows M. tuberculosis-infected (Fig.
5a) and non-infected (Fig. 5b) lungs. Alveoli are evident in
both panels and are ringed by green CD68+ type II
pneumocytes [23], which directly harbor M. tuberculosis
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Fig. 2. SPECT/CT imaging of uninfected and TB-infected mice with [2°]3d29 at 48 h post-injection. a Coronal and sagittal
MIP images of a healthy mouse showing slight uptake at the head of the spleen (S) and metabolized radioiodine uptake in the
thyroid (T). b Coronal and sagittal MIP images of an M. tuberculosis-infected mouse showing diffuse lung uptake along with
strong uptake in inflamed spleen (S). Diffuse signal is now present in the kidney, reflecting metabolism of radiolabeled 3d29.
Metabolized radioiodine uptake in the thyroid (T) is also apparent. ¢ Transaxial, d coronal, and e sagittal slices, respectively, of
the mouse depicted in (b) showing overlay of radiotracer signal with CT-opaque granulomas in lung. White crosshairs show a

selected lesion in each slice representation.

infection and secrete immunomodulatory biomolecules
including complement 3 [24, 25]. C3d/iC3b are stained in
red by 3d29 while nuclei are represented in blue. Panel a
shows intense red C3d/iC3b staining throughout the type II
pneumocytes (arrows), within alveolar macrophages (arrow
heads) and less intensely, within the interstitial space of the
infected lung. Panel b shows a similar pattern although with
markedly reduced red 3d29 staining intensity. Supplemental
Figs. 3 and 4 (in ESM) show 3d29 staining in alveolar and
parenchymal macrophages in interstitial lung and a higher
magnification of minimal 3d29 staining of luminal type II
pneumocytes, respectively.

Discussion

Here, we have described direct imaging of complement-
coated Mycobacteria in a mouse model of pulmonary TB.
This was achieved by using a direct tyrosyl radioiodination
of 3d29, a murine IgG,, antibody specific for C3d/iC3b
fragments. In vivo SPECT/CT imaging in infected and
healthy mice 24 h after ['*°1]3d29 administration (Fig. 1)
showed discrete foci of radiotracer uptake in the lungs of
infected mice along with strong signal in the enlarged
spleen. Both infected and uninfected mice showed thyroid
uptake of metabolized radiotracer, reflecting radioiodide

import and fixation [19, 20] while the uninfected mouse
showed a small amount of radiotracer uptake in the spleen,
a phenomenon observed previously [26]. SPECT/CT
imaging at 48 h (Fig. 2) showed the same uptake pattern
in healthy mice (Fig. 2a) but a much more diffuse pattern
of uptake in the lungs of infected mice (Fig. 2b). Spleen
uptake (S) is still apparent in the infected mice while
kidney uptake (K) was also apparent. SPECT/CT images
of radiolabeled isotype control in both M. tuberculosis-
infected and healthy mice (Fig. 3) showed no lung uptake
in infected or healthy mice but does show intense stomach
(St) and thyroid (T) uptake of radioiodide in healthy and
infected mice (Fig. 3a, b). By 48 h following ['*’I]IgG>,
administration, only thyroid uptake was visible in both
mice (Fig. 3c, d), reflecting organified radioiodine. Ex vivo
biodistribution in healthy and infected mice with either
['*°113d29 or ['*1]IgG,,, as indicated (Fig. 4), at 24 h
post-administration revealed no significant difference in
uptake between 3d29 and isotype antibodies in infected
mice, likely due to n=3/group small sizes and heteroge-
neity of disease. However, the average whole lung SUV
ratio of 3d29: isotype in infected mice was 3.3:1.No other
tissue comparisons among infected mice for 3d29: isotype
exhibited ratios >2. Discrepancies between biodistribution
data and SPECT images, such as visibility of kidneys in
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Fig. 3. SPECT/CT imaging of uninfected and TB-infected mice with ['2°[]lgGy. isotype at 24 and 48 h post-injection. a Coronal
and sagittal MIP images of a healthy mouse showing uptake of metabolized radioiodine in the stomach (St) and metabolized
radioiodine uptake in the thyroid (T). b Coronal and sagittal MIP images of an M. tuberculosis-infected mouse showing stomach
and thyroid uptake only. Coronal and sagittal views of ¢ healthy and d infected, respectively, mouse uptake at 48 h showing

clearance of uptake from all tissues except thyroid.

SPECT images, are due to signal density (contrast) tissue
differences and incomplete field of view. Finally, fluores-
cence microscopy of lung sections showing the distribution
of 3d29 antibody in infected and healthy lungs showed
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0.4

SUV

0.3

0.2

intense 3d29 staining of all cuboidal CD68+ type II
pneumocytes (Fig. 5a, arrows) and alveolar macrophages
(arrowheads) in infected lungs. In healthy lungs (Fig. 5b),
sparse staining with 3d29 was observed in type II

M isotype (TB)
m3d29 (TB)

03d29 healthy

blood heart liver lung* lung spleen kidney Igint white muscle brain bone
fat

tissue

Fig. 4. Ex vivo biodistribution of ['2°[]3d29 and ['2°l]igGy, isotype in M. tuberculosis infected and healthy mice at 24 h post-
injection. Three mice from each group were injected with 15 pCi and sacrificed 24 h later by cervical dislocation. Selected
organs were rapidly removed, weighed, disinfected, and counted the following day. Data are expressed as SUV except where
indicated. Percent injected dose per organ was calculated for lungs to normalize for substantial edema.
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Fig. 5.

pneumocytes (arrows), with staining within a single
alveolar macrophage also observed (arrowhead).

M. tuberculosis has eluded direct detection in vivo due to
the presence of protective host factors such as granuloma
formation and Mycobacterium-specific factors such as
sequestration within phagocytes and cell wall biochemistry.
That has challenged both small molecule ligand and specific
antibody development. Efforts to harness Mycobacteria-
specific siderophores as imaging agents have met with
limited success due to the presence of highly lipophilic
aliphatic tails, which impair aqueous solubility as well as
favorable biodistribution [27-30]. That very property has,
however, led to a sensitive in vitro assay for M. tuberculosis
infection by detecting mycobactin-T from plasma or sputum
[31]. In vivo detection of tuberculosis has focused on
anatomic properties discerned by CT or magnetic resonance
imaging [32-35] and host factors such as glycolytic
metabolism using 2-deoxy-['*F]fluoro-p-glucose
(["®F]FDG) positron emission tomography (PET), which
detects both the metabolism of mycobacteria and the host
immune response [36—40]. ['*FJFDG PET is the most
widely used clinically approved method to molecularly
image active TB [41], but suffers from potential misdiagno-
sis in the presence of malignancies such as carcinoma or
lymphoma or in the presence of other infectious or
granulomatous processes such as aspergillosis or sarcoid,
and cannot accurately detect inactive or small lesions [37,
42, 43]. Other radiotracers that have been used clinically to
image TB disease using SPECT include [*°'TI]TICIs,
[**™Tc]tetrafosmin, and [*”™Tc]sestamibi to compare perfu-
sion and washout of radiotracer from suspected lesions and
[*’Ga]Ga citrate, which accumulates in cells where iron is
actively taken up such as bacteria, leukocytes, and tumors
[44]. Each of those radiotracers, however, either necessitates

CD68 +3d29

Immunofluorescence microscopy in lung tissue from mice either a infected with M. tuberculosis. or b healthy mice.
Infected lung sections were probed with 3d29, Hoechst 33342 nuclear stain and anti-CD68 to delineate all macrophages.
Panels are as indicated. 3d29 staining (red) is densely associated with alveolar macrophages (CD68+, green, white arrows) in
infected lungs while non-M. tuberculosis-infected alveoli are associated with sparse deposition of 3d29. Scale bar =25 ym.

early and delayed imaging to obtain a diagnosis by exclusion
or is not specific for infection in the context of active
malignancies as with gallium scintigraphy [43]. Recently,
there has been increasing interest in developing bacteria-
specific imaging agents for infections [45-49]. 2-['F]F-
PABA has also been described as a bacteria-specific agent
with the potential to image M. tuberculosis [50]. Other
emerging translatable pre-clinical imaging methods for TB
host response include Na['®*F]F PET/CT for imaging of
calcifications within pulmonary granulomas [51],
[**™Tc]EDDA-tricine-HYNIC-Tyr3-octreotate SPECT to
distinguish active from inactive TB lesions [52],
[**Cu]ATSM PET/CT to image hypoxia within granuloma-
tous lesions [14], and ['***I]iodo-DPA-713 PET or SPECT/
CT to image activated macrophages in any tissue compart-
ment including CNS [53, 54]. While each of those
techniques is an advancement forward towards delineation
of aspects of TB, none is able to report on the most useful
aspects of the disease, which include living bacterial burden
and activation of adaptive immunological responses.
Complement 3d imaging represents an excellent oppor-
tunity to detect directly live M. tuberculosis, as ubiquitous
C3 is cleaved by M. tuberculosis down to covalently bound
C3d on its cell surface [6]. The complement cascade is
diverse but selective in the resulting complement species
according to the molecular environment. Since
M. tuberculosis organisms are readily phagocytosed by
pneumocytes and alveolar and parenchymal macrophages
[55, 56], the window of opportunity for imaging with
radiolabeled antibodies captures living mycobacteria that
persist in the extracellular space (therapeutically accessible
mycobacteria) as well as those newly ingested by phago-
cytes (persistent mycobacteria). Dormant TB, in which
mycobacteria are presumably inactive and sequestered
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within host cells, may not be available for detection with
radiolabeled 3d29, but reactivation of disease will result in
release of active M. tuberculosis from burst host cells,
allowing detection of recrudescence using this method.
Because the technique requires 24 h to acquire data, and
data include uptake over the entire body, it may be more
useful than sputum tests in regions where SPECT devices
are present, which includes centers in India, China, and
South Africa, where prevalence of TB is high. More so than
diagnosis, the decision to continue treatment could be
augmented by imaging where both the treating physician
and patient can rapidly see a picture delineating the extent of
remaining infection. Local governments and communities
have a vested interest in patient compliance with treatment
regimens. Comparatively, rapid M. tuberculosis-targeted
imaging of the entire body may help increase compliance
in the developing world.

Conclusions

Our results demonstrate that radiolabeled 3d29 can be used
to detect and localize areas of infection with M. tuberculosis
non-invasively by 24 h after radiotracer injection. By
comparison, radiolabeled isotype control could not discern
normal from infected tissues.
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