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Abstract
Tuberculosis (TB) is mainly a disease of the lungs, but Mycobacterium tuberculosis (Mtb) can
establish infection in virtually any organ in the body. Rising rates of extrapulmonary (EP) TB
have been largely associated with the HIV epidemic, as patients co-infected with HIV show a
four-fold higher risk of EPTB. Spinal TB (Pott's Disease), one of the most debilitating
extrapulmonary forms of disease, is difficult to diagnose and can cause deformity and/or
neurological deficits. This study examined the histopathology and distribution of immune cells
within spinal TB lesions and the impact of HIV on pathogenesis. The overall structure of the
spinal granulomas resembled that seen in lung lesions from patients with pulmonary TB. Evidence
of efficient macrophage activation and differentiation were detectable within organized structures
in the spinal tissue, irrespective of HIV status. Interestingly, the granulomatous architecture and
macroscopic features were similar in all samples examined, despite a reversal in the ratio of
infiltrating CD4 to CD8 T cells in the lesions from HIV-infected patients. This study provides a
foundation to understand the mechanism of tissue destruction and disease progression in Spinal
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TB, enabling the future development of novel therapeutic strategies and diagnostic approaches for
this devastating disease.
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INTRODUCTION
Tuberculosis (TB) is a resurgent and significant global health emergency. In addition to
roughly 1.4 million deaths due to TB in 20111_ENREF_1, an estimated 1.8 billion people
are latently infected with the causative agent Mycobacterium tuberculosis (Mtb). While
pulmonary TB is the most common form, the disease can affect virtually all organs in the
body. In recent years, the rates of extrapulmonary TB (EPTB) have been increasing, largely
in conjunction with the rising prevalence of HIV infection2, 3. Whereas 10–20% of HIV-
uninfected cases develop EPTB, 40–80% of co-infected individuals may develop these
disease manifestations4, 5. This is particularly relevant in endemic areas with high disease
burdens, such as South Africa, where 15% of all new TB cases were EP and 65% of the
323,440 TB cases tested in 2011 were HIV positive1.

Spinal TB (Pott's Disease) is one of the most debilitating and destructive extrapulmonary
manifestations, accounting for 1–5% of TB cases worldwide6. TB of the spine is
characterized by destruction of the vertebral bodies and discs and the formation of
abscesses, which may impinge on the spinal cord, ultimately resulting in collapse of the
spinal column and risk of paralysis. Because spinal TB is paucibacillary and tissue biopsies
are not readily available, diagnosis relies on nonspecific clinical presentations, rather than
conventional microbiologic tests7. Consequently, diagnosis and treatment of patients with
spinal TB is frequently delayed8. Treatment includes anti-TB chemotherapy for 6 to 9
months, and surgical intervention is recommended in severe cases to manage neurological
deficits and/or deformity6. Surgery involves debridement (removal of the abscess and
granulomatous tissue), followed by spinal reconstruction9, 10. Previously published studies
of spinal TB have focused on clinical descriptions and surgical interventions to treat severe
cases9, 11–15, but our understanding of the local pathology is limited.

Most reported studies of TB immunity and pathogenesis have been based on analysis of
peripheral blood leukocytes, which are not fully representative of the local site of
infection16. Recently, data from studies using resected lung tissue from pulmonary TB
patients, combined with work from animal models, have begun to elucidate the complex
host response to Mtb. Following inhalation, the bacilli are phagocytosed by macrophages,
which produce cytokines and chemokines to recruit peripheral blood leukocytes, including
granulocytes, monocytes, T lymphocytes and B lymphocytes. Upon activation, these cells
drive antimicrobial activity by the infected phagocytes, leading to bacillary control. The
hallmark of TB is the granuloma, an organized aggregate of leukocytes that forms in
response to chronic Mtb-driven macrophage stimulation17–21. The unique microenvironment
of the granuloma includes activated macrophages that differentiate into epithelioid cells that
can fuse to become multinucleated giant cells or differentiate into foam cells, characterized
by lipid droplet accumulation22, 23. Pulmonary granulomas can differentially mature into
lesions with distinct histological and immunological characteristics within the same lung24.
Granulomas can be non-necrotizing, marked by high levels of mononuclear cellular
infiltration (cellular), or may contain a necrotic center, which can liquefy and drain, giving
rise to cavitary disease. Pulmonary cavities favor unrestricted bacillary growth and facilitate
aerosol spread of infection. In contrast to the lungs, the physiology of the spine is non-
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permissive to cavity formation. Thus, as granulomas mature and enlarge, central necrotic
tissue can liquefy, but has nowhere to drain and instead forms characteristic paraspinal,
psoas and epidural abscesses. The underlying mechanisms that drive the granulomatous
process, especially at EP sites, remain poorly defined18. In particular, whether the cellular
composition and histological features of the granuloma are similar or not in different tissues
is not well studied. Moreover, the impact of the Mtb-driven immune response on tissue-
specific cell populations, such as those involved in bone and cartilage homeostasis in the
spine, is not clear. In the absence of animal models of EPTB, human specimens are needed
to address these questions.

The devastating impact of HIV co-infection on TB is well documented: TB is an AIDS-
defining illness in many parts of the world and one of the leading causes of death in
individuals with HIV infection25. HIV depletes the activated CD4+ T cell pool26 and
reportedly may target Mtb-specific cells, which are a key component of protective immunity
against TB27. The clinical manifestations of TB often vary between HIV-positive and -
negative individuals, likely reflecting differences in the cellular and molecular interactions
elicited during co-infection5. Pulmonary TB patients with HIV are less likely to have
cavitary disease and roughly 20% will have normal chest x-rays, implying alterations in
tissue damage and remodelling pathways25, 28. Overall, HIV co-infection is thought to
negatively impact granuloma formation and TB-specific immunity, leading to decreased
killing of Mtb-infected cells and more extensive disease progression26, 29_ENREF_28.
However, previous studies aimed at understanding the underlying mechanisms of the
clinical consequences of co-infection have primarily focused on patients with pulmonary
TB. Thus, our understanding of the impact of HIV on the granulomatous process and
pathogenesis in patients with EPTB is incomplete.

To begin unravelling the Mtb-induced host response within the spine, we performed an
immunohistological characterization of spinal TB granulomatous tissue isolated from HIV-
negative and -positive patients treated at a central referral hospital in KwaZulu-Natal, South
Africa. Our goal was to describe the cellular recruitment to, and subsequent organization of,
the granuloma, as well as the extent of tissue damage and pathology, in spinal TB. We also
characterized the influence of HIV infection on the granulomatous process and tissue
pathology in patients with spinal TB.

METHODS
Study cohort

Participants were recruited from 2002 – 2003 from the Spinal Unit of King George V
Hospital (Durban, South Africa), a specialized referral unit at this public district hospital,
which handles spinal pathology, including infection. Management of patients followed the
South African Department of Health (SA-DOH) guidelines30. Patients who had been on
anti-TB treatment for 5–24 weeks, with progressive spinal pathology requiring surgical
intervention, were recruited into the study15. Patients with active pulmonary TB or
concomitant immunosuppressive disorders, such as diabetes, chronic steroid use or
congenital disorders were excluded. None of the HIV-positive patients were on anti-
retroviral therapy (ART), as it was unavailable in the public sector at the time of this study.
Magnetic resonance imaging (MRI) scans were taken for diagnostic purposes and to direct
surgical removal of the diseased tissue and bone. Whole blood (EDTA anti-coagulant) was
collected at surgery for haematology. Quantification of T cells (CD4 and CD8 counts) was
done using TetraOne technology (Beckman Coulter). The HIV-1 status of patients was
determined by ELISA (Organon Teknika Vironostika and Murex Wellcozyme HIV 1+2
GAC assays) and viral loads of sero-positive patients were quantified (NucliSens™ QT kit;
Organon Teknika) from plasma (100μl) and tissue (10–12mg). The input mass of tissue was
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standardized to correspond to an input volume of 1ml of plasma as per the manufacturer's
instructions, thus allowing a direct comparison of plasma versus tissue HIV viral loads. The
Biomedical Research Ethics Committee at the Nelson R. Mandela School of Medicine at the
University of KwaZulu-Natal approved sample collection and immunohistology studies
(H112/02). Subsequently, approval from Institutional Review Board (IRB) at the University
of Medicine and Dentistry of New Jersey (UMDNJ) was granted for immunohistochemistry
on the tissue sections. All participants provided written, informed consent.

Histology & Immunohistochemistry
Tissue biopsies were fixed in formalin (41% formaldehyde + 0.9% NaCl, 1:8v/v) within 1
hour of collection, processed and embedded in paraffin wax using conventional protocols
(FFPE blocks). The FFPE tissue blocks were sectioned (5mm thickness) serially. The first
section was stained with Haematoxylin and Eosin (H&E) according to conventional
protocols. Of the 60 patient specimens collected, 13 HIV-uninfected and 9 HIV-infected
cases were chosen for further detailed microscopic evaluation, based on the initial
assessment of their histopathology. The 22 selected specimens displayed intact granulomas,
which enabled orientation of the lesions. Characteristics of this subset of patients are
displayed in Table 1. T cells were immunolocalized using anti-human CD3 (Clone BBK-2),
CD4 (Clone BC/IF6) and CD8 (Clone BC/1A5) antibodies (Biocare Medical, CA, USA).
The lysosomal marker, CD68 (Clone KP1) localized macrophages, monocytes and cells of
the macrophage/monocyte lineage. Immunohistochemistry was performed using standard
protocols. Sections were deparaffinized in xylene, hydrated in graded ethanols and antigen
sites were unblocked in an Antigen Decloaking chamber in either Borg (for CD3, CD4 and
CD8 antibodies) or Diva (for the CD68 antibody) decloaking buffers (Biocare Medical, CA,
USA). The Sniper Blocker (Biocare Medical, CA, USA) solution was used to block
endogenous peroxidase activity, and non-specific staining was minimized by incubation
with 10% (w/v) milk protein. Sections were incubated in each of the 4 ready-to-use primary
antibodies for 30 minutes as per the manufacturer's recommendations. The Mach4 Mouse
Probe (Biocare Medical, CA, USA) was used as a linker, followed by visualisation with the
DAB chromogen (Biocare Medical, CA, USA) and nuclear visualisation using Mayer's
Haematoxylin (Biocare Medical, CA, USA).

Image analysis
Images of whole sections were acquired with the PathScan Enabler IV (Meyer Instruments,
Houston, TX). The stained sections were analyzed using a Nikon DXM 1200C microscope
and photographed at ×10, ×20, ×40 or ×100 magnification, using NIS-Elements F3.0
software (Nikon Instruments Inc., Melville, NY). The number of positively-stained cells in a
selected region of interest (ROI) (at the same magnification) was quantified manually by the
same investigator (SD). The nuclei of stained and unstained cells were counted to determine
the absolute number and percent positive cells per ROI. Statistical significance was
determined by a two-tailed t-test, using GraphPad Prism (GraphPad, La Jolla, CA).

RESULTS
The Patient Population

The purpose of this study was to characterize the cellular immune response to Mtb infection
of the spine and explore the impact of HIV co-infection on this response. Accordingly,
diseased tissue removed from patients who underwent surgery to treat their spinal TB
pathology, was analyzed by histology and immunohistology. Tissue from 13 HIV-negative
and 9 HIV-positive patients was studied (Table 1). HIV-negative patients were on average
older than those who were co-infected. Both groups included 1 pediatric case and a similar
percentage of males and females. As expected, significant differences in circulating CD4+
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and CD8+ T cell numbers were noted between the HIV-negative and -positive TB patients.
A wide range of viral loads was detected in the blood and tissues of all HIV infected
patients, with significantly (p<0.05) greater viral titers found within the spinal tissue.

The Granulomatous Response in the Spine of Patients with Pott's Disease
Representative MRI scans revealed the location of the diseased tissue and showed how the
abscess impinged on the spinal cord (Figure 1A and B). Multiple tissue fragments, excised
during surgery from regions close to the vertebrae and proximate to the dura of the spinal
cord, were obtained from each patient. Histologic examination of low power images of H&E
stained tissue sections were used to orient each lesion. These revealed diverse features of
spinal pathology, including mononuclear cellular infiltration associated with fragments of
bone and cartilage, as well as dura and nervous tissue; extensive tissue necrosis and fibrosis
were evident (Figure 1C and D).

Representative cross-sections of H&E stained, diseased tissue from an HIV-negative (Figure
2, top panels) and - positive patient (Figure 2, bottom panels) are shown, demonstrating
heterogeneous architecture within the cellular granulomatous area. Regions of dense
mononuclear cellular accumulation were evident, including macrophage-rich zones,
surrounded by peripheral lymphocyte-rich cuffs (Figure 2A and D). Necrotic areas, devoid
of intact cellular structures, were seen in the centers of the macrophage-rich zones.
Macrophages were specifically identified by CD68 immunostaining (Figure 2B and E).
Epithelioid cell aggregates and multinucleated giant cells were detectable in tissue samples
from both HIV-negative and -positive patients. To localize T lymphocytes in the diseased
tissue, immunostaining for CD3 was performed (Figure 2C and F). Dense zones of CD3+ T
cells were observed surrounding the macrophage-rich areas. In addition, individual T-cells
were seen scattered amongst the macrophages. Overall, evidence of localized, well-
organized granulomas was noted, irrespective of HIV status.

T cell Subsets and Mononuclear Phagocyte Distribution
Immunostaining for CD3, CD4 and CD8 expression by cells in the granulomatous tissue
facilitated the evaluation of the distribution and organization of T lymphocytes. Both CD4+
and CD8+ T cells were detectable in the HIV-negative (Figure 3, top panels) and HIV-
positive (Figure 3, bottom panels) tissue sections. Enumeration of the total number of
infiltrating CD3+ T cells revealed no statistically significant differences between the two
groups (Figure 4A). On the other hand, whereas CD4+ T cells were enriched in the
granulomatous tissue from HIV-negative patients, T cells expressing the CD8 co-receptor
were more abundant in the specimens from HIV-positive patients (compare Figure 3B and C
to 3E and F; Figure 4A). Thus, the characteristic reversal in the CD4 to CD8 ratio observed
in the blood of HIV-positive patients was also reflected within the infected tissue (Figure
4B). Taken together, we conclude that T lymphocytes were efficiently recruited and retained
in the infected spinal tissue, irrespective of HIV status, with CD8+ T cells apparently
compensating for the relative paucity of systemic CD4+ T cells in HIV-infected individuals
(Table 1).

Immunostaining for CD68 expression revealed distinct clusters of positive staining
macrophages in several tissue microenvironments. CD68+ epithelioid cells were seen in
clearly demarcated aggregates in the cellular granulomatous tissue of both HIV-negative and
-positive patients (Figure 2B and E). In addition, multinucleated giant cells, discernible by
their distinct morphology, were detectable in 10 of 13 (76.9%) HIV-negative and 5 of 9
(55.6%) HIV-positive patients (Figure 5A and B). Enumeration of the total numbers of giant
cells, per ×10 microscopic field, as well as the average number of nuclei per giant cell
revealed similar numbers for both patient groups (Table 2). We thus conclude that the
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general macrophage response to Mtb infection of the spine, as indicated by the
differentiation of the cells into characteristic epithelioid and multinucleated giant cells,
proceeded efficiently in these patients independently of HIV co-infection.

Histologic Evidence of Bone Remodeling and Tissue Damage
Osteoclasts and osteoblasts mediate bone remodeling. Osteoblasts are mesenchymal-lineage
cells responsible for the generation of new bone. Osteocytes, mature osteoblasts embedded
within the bone matrix that are CD68 negative, were evident in the sampled tissue (Figure
5C, arrowheads). Osteoclasts are multinucleated bone marrow-derived cells of similar
lineage as monocytes. These CD68+ cells were detected in close proximity to bone
fragments (Figure 5C and D). Evidence of active bone resorption and osteogenesis,
indicative of the robust, chronic inflammation and resultant damage elicited in response to
Mtb infection of the spine, was seen in specimens from both HIV-infected and -uninfected
TB patients.

Neurological complications are one of the most severe consequences of spinal TB infection
and are an important indication for surgical intervention. Careful examination of excised
tissue demonstrated the presence of granulomas within nerve tissue (Figure 6, left panels).
This feature was confined to tissue specimens localized proximate to the dura of the spinal
cord, which includes a large network of nerve bundles. Immunohistology confirmed the
presence of CD68+ macrophages and multinucleated giant cells (Figure 6B), as well as
CD4+ and CD4− CD3+ T cells (Figure 6C and D) within the granulomatous region. Fibrosis
is a protective tissue remodeling response elicited to repair damaged tissue and is a
characteristic feature of the TB-induced granuloma. We detected regions of extensive
fibrosis in both HIV-negative (Figure 6E and F) and HIV-positive specimens (Figure 6G and
H).

As the granulomas enlarge, areas of central necrosis expand, ultimately resulting in abscess
formation. A representative granuloma with a central necrotic zone (Figure 7, highlighted)
and the presence of residual cellular debris and polymorphonuclear neutrophils (Figure 7B,
arrows) is shown. Immunolocalization of CD3+ T cells demonstrated their distribution
within and surrounding the developing abscess (Figure 7C). This entire structure was
surrounded by a fibrotic layer with a much lower density of cells. A fully developed abscess,
from which the pus has been drained by surgical excision, demonstrated a clear necrotic
region surrounded by granulomatous tissue (Figure 7D). No macrophages or T cells were
seen within the necrotic zone or on the luminal surface of the necrotic layer of the abscess
(data not shown). This is in contrast to pulmonary TB granulomas, in which CD68+
macrophages were clearly noted on the luminal surface of the cavity24.

DISCUSSION
We have described the tissue architecture and organization of infiltrating immune cells in
granulomatous lesions from spinal TB patients. Our IHC analysis revealed the
differentiation of epithelioid cells and multinucleated giant cells, as well as evidence of
active tissue remodeling, including areas of fibrosis and bone resorption. Interestingly,
despite statistically significantly lower CD4+ T cell counts and relatively high viral titers in
the HIV/TB co-infected patients, the granulomatous tissue displayed similar features,
irrespective of HIV status. Additionally, our analysis of the immune cell composition of
spinal TB granulomas from these patients revealed that CD8+ T cells numerically
compensated for HIV-dependent reductions in the CD4+ T cell compartment.

The granuloma is the characteristic manifestation of chronic macrophage activation and
maturation in response to Mtb infection17–19, 21. Whereas resting macrophages permit the
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replication of Mtb, activated macrophages can suppress the growth or directly kill
intracellular Mtb. The unique inflammatory and cytokine milieu in the TB granuloma
triggers macrophages to adopt several distinct morphological phenotypes, including
epithelioid cells, foamy cells and multinucleated giant cells. We detected giant cells in the
spinal lesions, as well as extensive areas of epithelioid cells. Furthermore, we found that the
giant cell differentiation program was not altered by HIV co-infection, evidenced by similar
numbers of giant cells (containing similar numbers of nuclei) in specimens from both patient
groups. The functional significance of this unique cell type is not well understood; giant
cells reportedly form in direct response to Mtb-derived components31 and lose their
phagocytic ability32. Giant cells within lesions in TB lymphadenitis are reportedly not very
pro-inflammatory, expressing little TNFα and IFNγ and high levels of IL-10 and TGFβ33.
Collectively, the published data support a hypothesis in which giant cells may be associated
with a favorable environment for bacillary growth. Further studies to determine the
functional characteristics of giant cells and epithelioid cells within the paucibacillary
granulomas of the spine may provide novel information on host-Mtb interactions, shedding
light on the differences between protective immunity and progressive, necrotic, pathological
events.

Chronic inflammation underlies much of the pathogenesis in pulmonary TB, as exemplified
by the excessive fibrotic response and cell death, which can lead to compromised organ
function even after successful antibiotic treatment34, 35. Pathological fibrosis is reportedly
one of the determinants of genetic susceptibility in a murine model of pulmonary TB36. In
the spinal TB lesions from both HIV-infected and -uninfected patients, we found extensive
areas of fibrosis. Also of note, we observed evidence of active bone resorption, including
CD68+ multinucleated osteoclasts in close association with bone fragments, demonstrating
that Mtb infection of the spine triggers alterations in bone homeostasis. Consistent with this
observation, elevated deoxypyridinoline, a breakdown product of collagen type I, the main
constituent of bone, has been detected in urine from spinal TB patients, but not in pulmonary
TB patients or healthy controls37. In general, the extent of pathology was similar in the HIV-
positive and -negative specimens from our two patient cohorts. A recent study of MRI scans
of spinal TB patients reported a greater degree of vertebral collapse/kyphosis in HIV-
negative cases compared to HIV co-infected cases, while the total number of affected
vertebrae did not differ between the cohorts38. This observation suggests that HIV-
dependent impairments in the immune response can lead to decreased tissue pathology.
Additionally, a previous analysis of granulomas from pleural TB patients revealed an
increased proportion of necrotic lesions in HIV-positive patients, which correlated with
elevated expression of TNFα mRNA39. Tissue-specific differences, as well as the extent of
immune compromise, may account for variations in pathogenesis, and highlight the
importance of studying the local disease site to understand the complex interplay between
the host, Mtb and HIV.

T cells play a critical role in the control of mycobacterial infections. In the spinal lesions
from both patient groups, we detected distinct zones of T cell accumulation with equal
numbers of infiltrating CD3+ T cells, irrespective of HIV status. This finding differs
somewhat from prior reports describing pulmonary or pericardial lesions, in which higher
proportions of CD3+ T cells were found in HIV-uninfected patients compared to co-infected
TB patients40, 41. Consistent with these studies, we observed a switch in the ratio of CD4+
to CD8+ T cells based on HIV status. Prior understanding of the Mtb-specific T cell
response has assumed that CD4+ T cells are the predominant cell type responsible for
maintaining macrophage activation. However, we found that CD8+ T cells numerically
replace CD4+ T cells in the spinal lesions of the HIV positive patients. While the lack of
gross impairment or abnormalities that we observed in the granuloma architecture in
specimens from co-infected patients suggests the possibility that CD8+ T cells may directly
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contribute to sustaining the granulomatous response, further studies are required to
determine the functional significance of this observation. The functional quality and
magnitude of the CD4+ and CD8+ T cell responses have been reported to vary within
individual granulomas42–44 and also differ depending on the infected tissue42, 45–47. In
studies of BCG-vaccinated infants, we have previously shown that CD8+ T cells contribute
to IFNγ production48. Additionally, CD4+ T cell-specific IFNγ production was dispensable
for Mtb control in mice49, while the expression of IFNγ and iNOS activity was unimpaired
in CD4+ T cell-depleted mice50. Taken together, these findings support our data that
significant levels of macrophage activation can be achieved in the absence of an intact
CD4+ T cell compartment.

Unlike pulmonary granulomas, the lesions in Pott's disease are paucibacillary. In a previous
study of cavitary lesions from patients with pulmonary TB, we showed that bacilli were
most often localized to the cavity surface, in close proximity to open airways, within
macrophages permissive to Mtb growth (T cells are absent from this region)24. In contrast,
the luminal surface of the spinal abscess were acellular. Thus, the lack of macrophages may
partly explain the absence of bacillary growth at this site. The low oxygen levels in spinal
tissue, as compared to the lungs, is also unfavorable to Mtb, which does not grow in anoxic
conditions51, 52_ENREF_50. Additionally, it has recently been hypothesized that epithelial
cell-derived MMP9 (matrix metallo-proteinase 9) expression, not only facilitates granuloma
formation, but also promotes Mtb replication17, 53. The absence of this epithelial cell-driven
pathway in the spine may be another reason that spinal TB is paucibacillary. The extremely
destructive nature of spinal TB indicates that high Mtb burdens are not necessary to drive
tissue damage. However, the pathology in spinal TB is not self-limiting, and patients must
be treated with antibiotics to stop tissue destruction54. The extensive pathology associated
with spinal TB is likely a reflection of chronic inflammation triggered by relatively low
numbers of Mtb, which may then be perpetuated by persistent bacterial-derived components.

Our current analysis was confined to the host response to infection, but both Mtb and HIV
adapt to and influence the pathological process. We found the viral loads in the HIV-
infected group to be significantly higher in the spinal tissue compared with plasma. This
may reflect heightened immune stimulation at the site of infection promoted by the anti-TB
immune response. Evidence from in vitro models has shown that Mtb can drive HIV
replication in macrophages55. Furthermore, TNF-α, a key component of anti-mycobacterial
immunity, is a strong transactivator of the HIV LTR region, promoting increased rates of
viral replication55, 56. Increased viral replication promotes divergent HIV evolution,
increasing viral diversity and enabling the virus to better evade the immune system.
Evidence of such viral compartmentalization has been detected in HIV patients with pleural
TB57 and pulmonary TB58.

Spinal TB is a chronic, insidious disease responsible for significant morbidity and mortality.
Diagnostic limitations are responsible for significant delays in the initiation of treatment,
leading to exacerbation of pathology and increased risk of permanent deformity and
neurological impairment. This study provides a foundation for understanding the unique
disease progression of Mtb infection within the spine and also sheds light on the influence of
HIV on the immunopathogenesis. To more effectively and rapidly diagnose spinal TB and
develop novel treatment approaches, further investigations of the pathogenesis in human
tissue specimens are warranted.
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Figure 1. Orientation of spinal abscess tissue
A) Mid-sagittal MRI sequence illustrating the abscess surrounding the vertebrae, with
destruction of the involved discs and impact on the spinal cord. Boxes indicate regions
subsequently analyzed by histology. B) A coronal MRI image of the same abscess. C & D)
Low power micrographs (×4 magnification) of excised spinal tissue: C) highlights the
involvement of bone (b); D) depicts the abscess wall in relation to nervous tissue (n).
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Figure 2. Cellular architecture of spinal TB granulomas
Images show areas of macrophage rich-regions, surrounded by lymphoctes in HIV-negative
(A–C) and HIV-positive specimens (D–F). A & D) H&E staining. CD68 (B & E) and CD3
(C & F) immunostaining, in which positively stained cells are brown. Fibrotic areas (f),
lymphoid-rich regions (L), and multinucleated giant cells (arrows) are evident (×10
magnification).
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Figure 3. Distribution of T lymphocytes within the spinal TB granuloma
CD3 (A & D), CD8 (B & E) and CD4 (C & F) immunostaining depicts the distribution of T
cells. Samples from HIV-negative (A–C) and HIV-positive (D–F) patients (×40
magnification).

S. et al. Page 14

Tuberculosis (Edinb). Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. Quantification of the T cells in blood and tissue
A) The absolute number of cells that positively stain for CD3, CD8 and CD4 expression in
granulomatous tissue from one region of interest (×40 magnification) per HIV-negative and
-positive patient. Results are the median and the error bars indicate the IQR. B) The ratio of
CD4:CD8 T cells in the peripheral blood (circles) and in the infected tissue (squares) of the
patient cohort. Closed symbols: HIV-negative samples and open symbols: HIV-positive
samples. * p < 0.05, ** p < 0.01, *** p < 0.005 by two-tailed t-test.
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Figure 5. Evidence of macrophage differentiation and bone-remodeling
CD68 immunostaining from an HIV-negative (A) and two HIV-positive (B, C) specimens.
CD68+ individual macrophages (arrows) and multinucleated giant cells (g), as well as
CD68− osteocytes (arrowheads) are indicated (×40 magnification). D) H&E staining depicts
a multinucleated osteoclast (Os) in close proximity to damaged bone from an HIV-negative
patient (×80 magnification).
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Figure 6. Pathological features of Spinal TB infection
A – D) Granuloma formation within a nerve bundle (n), surrounded by connective tissue,
from an HIV-negative patient. Blood vessel (v). A) H&E staining. Immunostaining for
CD68 (B), CD3 (C) and CD4 (D). (×10 magnification). E – H) Evidence of fibrosis (f) in an
HIV-negative (E, F) and an HIV-positive (G, H) specimen. E, G) H&E staining. F, H) CD68
immunostaining, marking the presence of multinucleated giant cells (g) and scattered,
individual macrophages (arrows) (×40 magnification).
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Figure 7. Abscess formation
H&E staining shows the early formation of an abscess under low (A: ×10) and high
magnification (B: ×80), including the presence neutrophils (arrows). Immunostaining for
CD3 (C) depicts T lymphocyte infiltration within and around the abscess. D) H&E staining
of a separate specimen in which the abscess has drained and the lumen (L) is surrounded by
necrotic tissue (n) (×10 magnification).
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Table 1

Characteristics of Patient Cohort

Parameter
a HIV-negative (n=13) HIV-positive (n=9) Significance

b

Age in years (min - max) 44.4 ± 18.7 (7 – 71) 26.4 ± 10.2 (3 – 39) p < 0.01

 No. Pediatric 1 1

 No. Adults 12 8

Sex: No. Male (%) 3 (23.1) 2 (22.2) n.s.

Mean CD4 Count (cells/ml)

 Absolute No.(min - max) 790.6 ± 417.7 (281 – 1370) 544.6 ± 315.4 (100.1 – 885.4) p < 0.01

 Percentage (min - max) 44.9 ± 13.2 (22 – 64) 27.3 ± 10.4 (10 – 43) P < 0.01

Mean CD8 Count (cells/ml)

 Absolute No. (min - max) 795.0 ± 574.5 (194 – 1711.6) 1148.9 ± 549.1 (355 – 1990) p < 0.01

 Percentage (min - max) 43 ± 12.9 (20 – 65) 62 ± 11.3 (50 – 84) p < 0.01

Mean viral load (log copies/ml)

 Plasma (min - max) --- 4.57 ± 1.04 (2.92 – 5.80) p<0.05

 Tissue (min - max) 5.80 ± 1.87 (3.00 – 8.10)

a
Absolute values given as mean ± standard deviation.

b
Significance determined by two-tailed Student's t-test.
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Table 2

Quantification of Multinucleated Giant Cells

Parameter HIV negative
a
 (n=10) HIV positive (n=5) Total (n=15)

Total number of Giant cells in ROI (min – max) 4.8 ± 4.6 (1 – 12) 5.4 ± 4.3 (3 – 13) 5.0 ± 4.3 (1 – 13)

Mean number of nuclei / giant cell in ROI (min – max) 9.3 ± 4.9 (4 – 18) 10.9 ± 3.8 (5 – 15) 9.8 ± 4.5 (4 – 18)

a
Giant cells were not detected in the tissue obtained from 3/13 of the HIV-negative and 4/9 of the HIV-positive patients.
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