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Recurrent transverse myelitis following
neurobrucellosis: Immunologic features and
beneficial response to immunosuppression
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The authors report the clinical course and immune system response of a patient
with disease-associated recurrent transverse myelitis (TM) following cerebral
infection with Brucellosis melitensis. The patient suffered four recurrences
of his TM (each at a distinct spinal cord level) over the course of 2 years fol-
lowing his initial presentation, which ultimately progressed to quadriplegia.
He had progressively declining cerebrospinal fluid (CSF) brucella antibody
titers, suggesting a postinfectious, rather than an infectious, etiology. The au-
thors simultaneously examined the expression of multiple cytokines in the CSF
of this patient using cytokine antibody arrays and found a marked elevation
of interleukin (IL)-6, IL-8, and macrophage chemoattractant protein (MCP)-1
levels relative to controls. Quantitative enzyme-linked immunosorbent assay
(ELISA) analysis of the CSF confirmed a 1700-fold elevation of IL-6 and more
modest elevations of IL-8 and MCP-1. IL-6 levels returned to baseline follow-
ing treatment of the patient with intravenous cyclophosphamide and plasma
exchange and the patient experienced a significant and sustained recovery of
function. Journal of NeuroVirology (2005) 11, 225-231.
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Introduction

Transverse myelitis (TM) is characterized by focal
inflammation within the spinal cord and clinical
manifestations are due to impaired neurotransmis-
sion of neurons and axons within the inflamed area
(Krishnan et al, 2004). TM may exist as part of a mul-
tisystem or multifocal CNS disease, or as an isolated
disease-associated or idiopathic entity. Some cases of
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TM are due to direct infection of the spinal cord with
agents such as measles, rubella, mycoplasma, or a
herpes virus, and are classified as infectious TM (Kerr
and Ayetey, 2002). Postinfectious TM follows a sys-
temic infection and likely occurs as a consequence of
an aberrant immune response triggered by the infec-
tion (Kerr and Ayetey, 2002). Eighty percent to 85%
of TM patients have a single inflammatory episode
whereas the rest may have recurrent TM (Kim, 2003;
Pandit and Rao, 1996).

Brucellosis is a disease transmitted from animals,
such as camels, sheep, and goats, to humans who
are the secondary hosts. The disease is endemic in
Saudi Arabia and neighboring countries where the
gram-negative organisms are transmitted to humans
through the consumption of uncooked meat or unpas-
teurized dairy products. Nervous system manifesta-
tion of human brucellosis occurs in up to 13% of
patients and may cause meningitis, meningoen-
cephalitis, optic neuritis, radiculitis, or leukoen-
cephalopathy (Kochar et al, 2000; Seidel et al, 2003).
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Here we describe the clinical course of a case of
recurrent, disease-associated TM following intracra-
nial Brucella melitensis infection, and characterize
markers of immune response of this patient during
treatment.

Case report and results

As reported previously (Seidel et al, 2003), a 65-
year-old male Iranian immigrant living in the United
States with no prior history of significant medi-
cal or neurologic disease was in his usual state of
good health until a return visit to Iran 15 months
prior to his diagnosis. Two months into his visit to
Iran he developed bitemporal headaches and hear-
ing loss. The patient was diagnosed with an ear in-
fection and treated with oral antibiotics without ef-
fect. In the ensuing months the patient continued
to have headaches and hearing loss and developed
anorexia with weight loss and double vision. A mag-
netic resonance imaging (MRI) with gadolinium re-
vealed diffuse, confluent T2-hyperintensities within

Table 1 Paraclinical findings

the subcortical and periventricular white matter bi-
laterally with leptomeningeal enhancement. Cere-
brospinal fluid (CSF) analysis revealed white blood
cell (WBC) (100% mononuclear) at 13/mm? with red
blood cell (RBC) at 2/mm?, normal protein and glu-
cose, and two oligoclonal bands. Because of the mag-
nitude of white matter lesion burden the patient un-
derwent a brain biopsy. Pathologic analysis revealed
a florid reactive astrogliosis and marked activation
of microglia in association with an extensive infil-
tration of cytotoxic T lymphocytes, although no or-
ganisms were detected. The patient had a postoper-
ative cerebral abscess in the region of the previous
biopsy, which when drained grew Brucella meliten-
sis, thereby confirming the diagnosis.

The patient underwent 6 months of antibiotic ther-
apy (Table 1), which resulted in marked improve-
ment in his encephalopathy. Six months after the
brain biopsy the patient presented to the hospital
with fever, back pain, and rapidly progressive para-
plegia over 1 to 2 days. The patient suffered four re-
currences of his TM (each at a distinct spinal cord
level) over the course of the subsequent 2 years. His

Clinical CSF
Time sensory Motor WBC, Brucella
(months) level function protein titer Spinal MRI Brain MRI Treatment
0 None Normal 13, 35 —_ — Diffuse leukoen- Doxycycline,
cephalopathy rifampicin,
Gad: none gentamicin
4 None Normal — 1:64 — Brain abscess with Sulfa, gentamicin,
enhancement; minocycline
multifocal leukoen-
cephalopathy
10 T3 Paraplegia, resolved — 1:32 T2: T3-T5 Stable T2 signal Piperacillin and
(TM no. 1) to independent Gad: T3-T5 abnormality in tazobactam; IV
ambulation white matter MP
Gad: None
16 T5 Paraparesis, resolved 4,79 1:2 T2: T1-T9 — IV MP
(TM no. 2) to assisted Gad: T3-T6
ambulation
19 T5 — — — T2: T5-T9 Resolving T2 signal —
Gad: none abnormality
Gad: none
21 T1 Quadriparesis, some 1, 31 1:2 T2: C6-C7 — IV MP
(TM no. 3) hand weakness Gad: C6-C7
23 C5 Quadriplegia — 1:4 T2: C1-T9 — IV MP
(TM no. 4) Gad: C2-T4
24.5 Cs Quadriplegia 5%, 59 1:2 T2: G1-T9 — Cyclophosphamide,
Gad: C2-T4 PLEX
25 T3 Improved 8"+, 59 — — —
quadriparesis
25.5 T3 Improved 4% 25 1:1 T2: C2-T6 Further resolution of None
quadriparesis Gad: none T2 signal
abnormality
Gad: none
33 T3 Standing with — 1:1 T2: G3-C5 — none
assistance Gad: none

PLEX = plasma exchange; IV MP = intravenous methylprednisolone; Gad = gadolinium.

**CSF sample taken pre-cyclophosphamide/PLEX (Figure 2B).

**CSF sample taken 2 weeks post-cyclophosphamide/PLEX (Figure 2C).

***CSF sample taken 4 weeks post-cyclophosphamide (Figure 2D).
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Figure 1 T1 Sagittal MRIs of the spinal cord after gadolinium contrast administration. Representative images of each of the patient’s
four episodes of TM are shown. Asterisks denote regions of abnormal gadolinium enhancement. The post-treatment sagittal MRI showed

no abnormal gadolinium enhancement.

course of recurrent myelitis is detailed in Table 1.
With each recurrent episode, the patient experienced
new clinical deficits associated with new gadolinium
enhancing lesions within the spinal cord (Table 1;
Figure 1). All viral, bacterial, and fungal cultures of
the CSF were negative. Viral polymerase chain reac-
tion (PCR) analysis of the CSF was also negative. Bru-
cella antibody titers were obtained from the patient’s
CSF collected at various points during his clinical
course, and continued to decline over time from 1:64

to 1:1 at the last analysis. With his initial TM exacer-
bation the patient had a good recovery following in-
travenous (IV) methylprednisolone treatment. Subse-
quent TM recurrences, however, were progressively
more refractory to intravenous steroid treatment, and
the patient continued to accrue disability with each
attack.

The protein expression profile of multiple cy-
tokines from the spinal fluid obtained from the
patient during his fourth recurrence of TM was
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A Control

g TM- Pre Cy/PLEX
Y

1| Pos Pos Pos Pos Neg Neg ENA-78 | GCSF | eM-csF | GRO GRO-u
2 | 1-309 -1 IL-1B IL-2 IL-3 IL-4 IL-5 IL-6 IL-7 IL-8 IL-10
3 | 12 IL-13 it-15 | eny | MCP-1 | mcp-2 | McP-3 | mcsF MDC MIG MIP-1B
4 [MIP-13| RANTES | SCF | SDF-1 [ TARC | TGFB | TNF | TNF-B EGF IGF-I Ang

5 | osm Tpo VEGF | PDGF-B| Leptin

BDNF BLC Ckp 8-1 | Eotaxin [Eotaxin-2 |Eotaxin-3

6 | FGF-4 FGF-6 FGF-T | FGF-9 |Fit-3 Ligand

Fractalkine| GCP-2 | GDNF HGF IGFBP-1 | IGFBP-2

7 |IGFBP-3 |GFBP-4 IL-16 IP-10 LIF

LIGHT MCP-4 MIF MIP-3a | NAP-2 NT-3

8 | NT-4 |Osteoprotegerinl| PARC PIGF TGF-p 2

TGF-B3 | TIMP-1 | TIMP-2 Neg Pos Pos

TM- 2 Wks Post Cy/PLEX

Figure 2 Analysis of the CSF humoral immune profile of patient

ENYY Y

TM- 1 Mo Post Cy/PLEX

with recurrent TM. (A) Sample cytokine antibody array on CSF from a

control patient. (B) Cytokine array of described patient prior to treatment with cyclophosphamide and plasma exchange (PLEX). Cytokines

that are differentially represented between the two are indicated

with arrows. (C) Schematic illustration of the multiple cytokine array

used. Shaded boxes show the locations of IL-6, IL-8, and MCP-1. (D and E) Cytokine array analysis of CSF 2 weeks (D) and 4 weeks after

treatment (E).

examined using a cytokine antibody array (Figure 2).
The relative expression of cytokines were determined
by comparing signal intensities from the cytokine
antibody array profile of CSF from the TM patient
with the profile of CSF from a control patient with a

noninflammatory, vascular myelopathy. Of the 79 in-
flammatory proteins compared, only 3 were elevated
greater than 2.5-fold in the CSF sample from the TM
patient: interleukin (IL)-6 (1517-fold), IL-8 (11-fold),
and macrophage chemoattractant protein (MCP)-1



(24-fold). Elevated CSF IL-6 levels were confirmed
and quantitated using enzyme-linked immunosor-
bent assay (ELISA) analysis that demonstrated a
1700-fold increase in CSF IL-6 in the TM patient rel-
ative to the control (3675 £ 121 pg/ml versus 2.16 +
0.82 pg/ml, respectively). Data represent the average
of three measurements for each sample. This experi-
ment was repeated twice with the same results.
Despite declining CSF Brucella antibody titers,
the patient had a worsening course of inflammatory
myelitis, and we pursued a more aggressive course
of immunomodulatory treatment following his fourth
TM exacerbation (Table 1). Within 4 days of initiating
treatment with IV cyclophosphamide (1000 mg/m?)
and plasma exchange (PLEX; 1.1 plasma volumes ev-
ery other day for five exchanges), the patient began to
move his fingers and could adduct both legs slightly.
Fourteen days after the initiation of treatment he be-
gan to move his shoulders. Twenty-eight days after
the initiation of treatment he had 4/5 strength in his
arms and hands, and 2/5 strength in his legs. Four-
teen and 28 days following treatment we repeated the
analysis of the patient’s CSF by employing a cytokine
antibody array analysis. The analysis of the CSF re-
vealed that IL-6 and IL-8 levels were at or below base-
line levels. MCP-1 levels declined to a 2.4-fold eleva-
tion at 14 days and then a 9.6-fold elevation at 28 days
relative to control CSF levels (Figure 2D, E). Quanti-
tation of CSF IL-6 protein levels measured by ELISA
confirmed levels of 2.36 + 1.38 pg/ml and 1.98 +
0.25 pg/ml at 14 and 28 days post treatment, respec-
tively. In the first month following treatment with
cyclophosphamide/PLEX, the patient recovered the
ability to sit unassisted and to transfer with minimum
assistance. The patient received four more courses of
IV cyclophosphamide over the next 9 months. By 18
months after initiating treatment, the patient could
stand with assistance and could transfer indepen-
dently. He had no further clinical exacerbations and
had no recurrent gadolinium-enhancing lesions on
either of two follow-up MRIs (12 and 18 months after
cyclophosphamide/PLEX).

Discussion

The diagnosis of neurobrucellosis in this case has ex-
tensive support based on the epidemiological, clini-
cal, and radiological findings. Brucellosis is endemic
in Saudi Arabia and neighboring Middle Eastern
countries, and this patient contracted his disease dur-
ing an extended visit to Iran. Early in his course
the patient experienced a progressive bilateral sen-
sorineuronal hearing loss, which had a prevalence of
90% in a recent case series of neurobrucellosis (Al
Sous et al, 2004). In this same case series, 30% of
patients were found to have white matter changes
manifested as hyperintense lesions on T2-weighted
images, which were consistent with the findings in
the patient reported here. A recent example of neu-
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robrucellosis that presented with progressive hear-
ing loss and a chronic course similar to the case
described here was also noted to involve diffuse,
confluent white matter lesions on T2-weighted and
FLAIR MRI (Koussa and Chemaly, 2003). In these
cases of neurobrucellosis previously reported, as well
as in the case presented here, there were no in-
traparenchymal enhancing lesions as is often seen
in multiple sclerosis (MS), acute disseminated en-
cephalomyelitis (ADEM), and Lyme disease. More-
over, in these reported cases of neurobrucellosis, the
corpus callosum that commonly undergoes white
matter changes in MS is spared. The nature and cause
of these white matter changes are not known, but
it has recently been speculated that they are due to
an autoimmune reaction to CNS Brucella infection
(Al Sous et al, 2004). Further support for an autoim-
mune mechanism in this patient’s neurologic disease
comes from the finding of oligoclonal bands in his
CSF. Though common in patients with MS, oligo-
clonal bands were recently found to be present in all
six reported patients with neurobrucellosis (Pascual
et al, 1988), suggesting an expansion and activation
of B-lymphocyte clones within the CNS. Finally, the
finding of Brucellosis melitensis cultured from our
patients CNS abscess leaves little doubt about the di-
agnosis in this case.

The evidence in this case supports a postinfec-
tious etiology of the patient’s recurrent TM. De-
spite improving significantly while on a prolonged
course of IV and oral antibiotics to treat his neu-
robrucellosis, the patient presented 6 months later
with an acute case of TM while still being treated
with antibiotics. Brucella antibody titers from the
patient’s CSF continued to decline over time from
1:64 to 1:1 at the last analysis, despite his wors-
ening course of recurrent TM and the cessation of
his antibiotic treatment. The abundance of immune
cells and inflammation seen on brain biopsy despite
the absence of visible organisms argues for an im-
munopathogenic mechanism of CNS injury. Finally,
and perhaps most compellingly, the patient’s deteri-
orating course was dramatically improved after ini-
tiating cyclophosphamide and PLEX treatment, both
of which would not be expected to assist a case of
infectious TM. We suspect, therefore, that similar im-
munopathogenic events may underlie other forms of
TM, many of which are para-infectious or are idio-
pathic (de Seze et al, 2001).

Brucellae are facultative, nonmotile, intracellu-
lar, gram-negative coccobacilli organisms that evade
immune detection and replicate within cells of
the monocyte lineage. Within macrophages, Bru-
cella may impair cellular apoptosis in order to per-
petuate a “Trojan Horse” state. However, Brucella-
infected macrophages have been shown to secrete
cytokines and chemokines, including IL-6 and IL-8,
perhaps to facilitate auto-activation and activation of
T-helper cells or 8 T lymphocytes (Dornand et al,
2002).
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In the case presented here, the most dramatic
biological correlate of patient’s worsening clinical
course was the relatively selective and dramatic in-
crease in the level of CSF IL-6 in conjunction with
more modest elevations of CSF IL-8 and MCP-1. IL-8
and MCP-1 are chemokines that play a role in the
initiation and propagation of an immune response
within the CNS (Ransohoff et al, 2002). IL-8 is a proin-
flammatory chemokine that plays a pivotal role in
acute inflammation by recruiting and activating neu-
trophils. MCP-1 stimulates IL-6 expression in mono-
cytes. IL-8 and MCP-1 function by establishing a
chemical gradient that recruits cells expressing the
complementary receptors to the origin of chemokine
expression. They alter the expression of adhesion
molecules at the blood-brain barrier such that in-
flammatory cells can gain entry to the CNS more
easily (Olson and Ley, 2002). It is plausible that
IL-8 and MCP-1 production within the spinal cord
was triggered by infected macrophages or microglial
cells during active CNS infection with Brucella, but
that sustained expression of these proinflammatory
molecules following treatment with antibiotics led
to recurrent immune cell recruitment into the spinal
cord. This recruitment could have resulted in the en-
suing recurrent TM.

IL-6 is a glycoprotein cytokine that mediates signal
transduction between immune cells, induces acute-
phase protein synthesis, and controls growth and dif-
ferentiation of cells of the immune and hematopoi-
etic systems (Gruol and Nelson, 1997). IL-6 produces
its effects on CNS cells by binding to IL-6 receptors,
which in turn form complexes with transmembrane
proteins called gp130. Recent evidence suggests that
IL-6 is an important regulator of cellular functions in
the CNS (Gadient and Otten, 1997; Gruol and Nelson,
1997), but many important actions of IL-6 in the
CNS remain to be elucidated. IL-6 levels in the adult
CNS are usually low or undetectable under base-
line conditions, but increase dramatically in response
to injury or inflammation. Elevated IL-6 within the
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